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Abstract 

A Decision Support System (DSS) is a computerized program, that supports the decision-making 

process by gathering and analyzing great amounts of data and providing information that can 

be used to solve problems. In this case study, we investigate the interaction of experienced field 

service technicians (FSTs) with DSSs during service visits. The research is conducted at Océ-

technologies Venlo for the service visits to one of their printer types. We propose a method to 

analyze the use of the DSS and evaluate the effect on the users’ performance in maintenance. 

This method contains the analysis of the work process and information support by reviewing the 

content of work instructions, interviewing FSTs and a content analysis of the DSS. We further 

identify the FST behavior based on survey data and a logbook analysis. To measure the FST 

performance we develop a Performance Measurement and Enhancement System (ProMES) to 

objectively measure the performance of FSTs. We found that using DSS more has a positive 

relation with FST performance for 4 out of 5 DSS. The other DSS showed to have a negative 

impact on FST performance. We further also found that more elaborate information regarding 

the solution description in logbooks is positively related to FSTs performance. 
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Management summary 

The research presented in this thesis is conducted at Océ-Technologies B.V. (Océ) in Venlo. Océ 

focuses on the digital imaging, industrial printing and collaborative business services.  

Problem statement 

At Océ, a lot of time and resources are spent on developing cost-efficient solutions to increase 

the system’s uptime. One of these solutions is the development and improvement of Decision 

Support Systems (DSS) for Field Service Technicians (FSTs), who are responsible for performing 

preventive maintenance (PM) and corrective maintenance (CM).  At Océ headquarters (HQ) there 

is no knowledge about the actual use of DSS by FSTs during service visits in the field and the 

question that arises is:  

Do the FSTs use the DSS, do the support tools help the FSTs to make better decisions and how 

can the support be further improved?  

This project focused on describing the decisions made by FSTs, designing an objective 

performance evaluation system and describing the relation between the use of DSS and 

performance. 

Research approach 

To investigate the use of DSS, it was first determined how the maintenance process is structured 

at Océ and what support is provided by the DSS. This is achieved by interviews with FSTs, a 

review of the work instructions and content analysis of the different DSS available.  

Next, we determined the decision situation during service visits and the decision behavior of 

FSTs. This yielded three problem situations: Outstanding PM tasks, error-code related problems 

(CM) and quality-related problems (CM). The analysis of decision-making behavior is achieved 

by analyzing the logbooks of previous service visits and conducting a survey. In the analysis of 

the logbooks, we investigated the adherence to DSS suggestions and the elaborateness of 

provided information by FSTs. In the survey, FSTs indicated the time allocation and the 

execution of possible actions for PM and CM visits. 

After the behavior of FSTs was described, we determined the performance of FSTs by 

developing an objective Performance Measurement and Enhancement System (ProMES). For the 

development of the ProMES, we first identified the organizational goals by interviewing service 

experts at Océ HQ. Second, we developed Performance indicators based on a literature review 

and review of current evaluation methods at Océ. Third, we established contingencies by 

multiple rounds of surveys and finally created formal feedback reports. FST participation in the 

design process was very important for obtaining a reliable performance evaluation system. 
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Based on a literature review we developed the following five hypotheses, which were tested by 

using Spearman’s rank correlation test: 

• Hypothesis 1: The use of the support and information from the DSS will have a positive 

relationship with the service performance of FSTs.  

• Hypothesis 2: The adherence to the suggestions of the DSS will have a positive 

relationship with the service performance of FSTs.  

• Hypothesis 3: Allocating more time, executing more activities and using more features 

related to analyzing the problem has a positive impact on the FSTs performance. 

• Hypothesis 4: More certainty about the problem and solution for the problem after the 

service visit preparation has a positive relationship with the performance of FSTs. 

• Hypothesis 5: More elaborate descriptions about the service visits are associated with 

higher FSTs’ performance for machine-related performance indicators. 

 

Results 

This research has found evidence that the use of several support tools and the execution of 

instructed activities contributes to the performance of the FSTs. For the use of the Advisory 

Dashboard for Analysis and Maintenance (ADAM), Océ Remote Service (ORS), Technical Service 

Manual (TSM) and Service Diagnostic System (SDS) we could confirm a positive relationship 

between the use of the DSS and the performance of FSTs. For the Diagnostic Framework (DF) we 

could not confirm that the use of the DSS has a positive influence on performance, the results 

even showed a negative relation between the use of DF and the performance of FSTs. 

We were also able to confirm that adherence to the suggestions made by ADAM regarding the 

error type Machine recoverable errors (MREs) and outstanding PM task quarterly maintenance is 

associated with better FST performance. We were not able to find the relationship for the other 

error types: Operator Recoverable Errors (OREs) and warnings. 

It is important that the logbooks at the end of the service visit are complete and provide enough 

information for future service visits. We found that the FSTs who more elaborately describe the 

implemented solution perform better on the average cost, MCBF, and PM ratio effectiveness, 

but worse of MTTR effectiveness.  

Besides the use of the support tools, evidence is found for other interesting findings. The 

availability of a visual image of the problem and positively influences performance on parts 

usage. The implementation of temporary fixes over the phone negatively influences the overall 

performance. 

 



vii 
 

Recommendations for Océ 

The research conducted in this thesis led to multiple recommendations of which the following 

are the most important: 

• Optimize notification message: The results showed that reviewing information in Océ 

Remote Service (ORS) and reviewing images of the problem is positively associated with 

performance. Therefore, it is important that FSTs acquire and review this information 

during the visit preparation. Currently, the information has to be actively acquired and 

we suggest to add a visual image and a link to the ORS page of the machine to the 

notification message to reduce the acquisition effort and increase the use. 

• Investigate planner interacting with DSS: The maintenance planner is responsible for 

planning PM visits and assigning the FSTs to the PM and CM visits. The ability of 

maintenance planners to efficiently schedule visits in time is important for service 

performance. We recommend investigating the maintenance planners interacting with 

the DSS. 

• Standardize the problem and solution description and provide suggestions for 

valuable information: The results showed that providing more elaborate information in 

the solution description improves the performance of both the FSTs and the machine. To 

achieve elaborate logbook data, we suggest to provide the FSTs with suggestions of 

valuable information. To compensate for the extra effort FSTs have to put in for 

providing valuable information we also suggest standardizing this information. The 

standardization will also enable FSTs and employees at Océ HQ to analyze the logbooks 

more easily. A possible way to implement this improvement is to link the reporting 

system to the content of the TSM instructions, which already provide the possible causes 

and solutions.  

• Adopt the designed ProMES for the performance evaluation: We found multiple 

reasons for adopting the designed ProMES. First, it considers more relevant performance 

indicators (PIs). Second, the weight factors consider the relative importance of the PIs, 

which is currently not considered. Third, we found that measuring team-related 

performance on the individual level is not possible due to the influencing factors. The 

performance evaluation could be further improved by investigating the effect of 

customer requirements on the performance of the machine and by incorporating PIs for 

customer satisfaction. 
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Academic relevance 

This thesis aims at contributing to the topic of human interaction with DSS. It does so by, first of 

all, performing a case study to investigate the behavior of FSTs interacting with different DSSs 

for operational maintenance decisions. Most research regarding DSS use is conducted in health 

care, but we will investigate the use of DSS in the maintenance field. Literature regarding DSS in 

maintenance is about the design of DSS or strategic or tactical decision-making. 

Second, we investigate the relation between the DSS use and the performance of FSTs for one 

year, where all decision-makers have had the opportunity to use the same DSS during their 

decisions-making process and an optimal decision cannot be determined. In current literature, 

the performance is determined by the decision quality and speed. In these studies, the content 

of the DSS can be manipulated and the decision performance with the use of DSS is compared 

to the decision performance of a situation without the use of DSS. The decision quality is in such 

cases based on a comparison with a known optimal decision. 
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ChChChChapter 1  apter 1  apter 1  apter 1      IntroductionIntroductionIntroductionIntroduction    
This report is the result of our research about Field Service Technicians (FSTs) interacting with 

Decision Support Systems (DSSs) during maintenance service visits. The research is conducted at 

the service department of Océ Technologies B.V. (Océ). Océ was founded in 1877 and since the 

foundation it has developed into a company that is a global leader in digital imaging, industrial 

printing, and collaborative business services. Globally, Océ has about 3900 employees and the 

headquarters is located in Venlo. In 2010, Océ was acquired by the Japanese company Canon. 

The focus of this research is on the interaction between FSTs with DSSs during service visits on 

the VarioPrint i300 (VPi300). The VPi300 is an inkjet cut-sheet color printer that can reach a 

production volume of 10,000,000 prints a month. The high production volume and high cost of 

the VPi300 makes the customers highly dependent on the uptime of their printer. This forced 

Océ to consider the maintenance of the machine.  

The outline of the remainder of this chapter is as follows. In Section 1.1 we describe the 

environment in which we conduct our research. Subsequently, in Section 1.2 we describe the 

research design, which consists of the problem statement, research questions, scope, and 

deliverables. Section 1.3 discusses the related literature. 

1.1   1.1   1.1   1.1           Research environmentResearch environmentResearch environmentResearch environment    
In 2011, Océ started with the development of the VPi300 and the printer was already introduced 

to the market in 2015. High availability and cost-efficient maintenance of the VPi300 and other 

high-volume printers are of key importance to Océ. To establish cost-efficient maintenance Océ 

started with the program called “Océ’s roadmap to predictive maintenance” started. The main 

idea of the program is to use more data science for predicting when maintenance is required, to 

prevent breakdowns. Therefore, the main goal for Océ is to increase the Preventive Maintenance 

(PM) and decrease the Corrective Maintenance (CM). Swanson (2001) investigated the 

advantages and disadvantages of PM and CM. Increasing PM and decreasing CM might bring 

the following challenges for Océ: higher part cost and the increased risk of human error. 

The maintenance process at Océ is performed by Field Service Technicians (FSTs) and the 

decision process of the FSTs is supported by various DSSs. The support provides information 

and analyzes the large amount of generated data by the VPi300. The service visits and support 

tools at Océ are introduced in section 1.1.1. 

Currently, both CM and PM is used to maintain VPi300. CM is applied for parts where PM is not 

cost-efficient and in case of unforeseen breakdowns. Regarding PM, both Usage-Based 

Maintenance (UBM) and Condition-Based Maintenance (CBM) is applied for the VPi300. The 

triggers for the maintenance are further discussed in section 1.1.2. 



2 
 

1.1.1  1.1.1  1.1.1  1.1.1          FSTs and FSTs and FSTs and FSTs and service service service service processprocessprocessprocess        

The FSTs are engineers, who are trained to work with the several provided support tools and can 

perform maintenance tasks and repair the VPi300. The FSTs are responsible for making the 

operational (short-term) decisions regarding maintenance during the service visits. All FSTs are 

employees of Océ and the service to the VPi300 is not outsourced to other service companies. 

Worldwide there are about 180 FSTs trained to service the VPi300. 

The type of maintenance determines the work procedure the FST should follow. The service 

visits at Océ can be roughly distributed over three categories: Service visits only dedicated to 

CM, Service visits only dedicated to PM and Service visits combining both PM and CM. For CM 

visits, the FSTs are instructed to work following the so-called CARE process, which is introduced 

to help technicians work in a systematic manner. CARE is an abbreviation of Collect, Analyze, 

Repair and Evaluate and the main tasks during each step are presented in figure 1.  

For visits only dedicated to PM, there are no unforeseen breakdowns or problems that need to 

be solved. Therefore, there is no problem to identify or to analyze and the Collect and Analyze 

step can be skipped. Only the Repair and Evaluate step have to be performed during such 

service visits. 

 

Figure 1: CARE process overview 

1.1.2 1.1.2 1.1.2 1.1.2         DDDDecision Support Systemsecision Support Systemsecision Support Systemsecision Support Systems    (DSS)(DSS)(DSS)(DSS)    

During a maintenance visit, there are multiple DSS, which an FST can consult and use.  

• Océ Remote Service (ORS) is a tool, which allows the FSTs to look into machine settings, 

occurred error codes and logbooks of previous service visits before they arrive at the 

customer. 

• Advisory Dashboard for Analysis and Maintenance (ADAM) is the main tool, that FSTs 

use during the service visit. It analyzes the gathered machine data and automatically 

creates logbooks at the end of a service visit. 

• Diagnostic Framework (DF) helps analyzing the functional logging data. 

• Technical Service Manual (TSM) provides the work instructions and general machine 

information for the specific machine type. 

• Service Diagnostic System (SDS) provides tests to check the machine and calibrate the 

settings. 
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1111.1..1..1..1.3333            Maintenance at OcéMaintenance at OcéMaintenance at OcéMaintenance at Océ    

The CM and PM service visits can be triggered by several types of triggers. For a CM trigger, 

there is an unforeseen problem with the machine, which can either be related to occurring error 

codes or quality problems. There are four kinds of errors at Océ: Permanent errors (PE), Machine 

recoverable errors (MRE), Operator Recoverable Errors (ORE) and warnings. Examples of quality 

problems are unexpected stripes and colored dots.  

As mentioned, both UBM and CBM are applied to the VPi300. UBM is either triggered by time 

counters or production volume counters, for which clicks is the unit of measurement. One click is 

the name for a one-side a4 equivalent print. Condition-Based Maintenance (CBM) is triggered 

due to conditional changes, such as temperature rises and increasing power consumption. Table 

1 provides an overview of the types of triggers for each maintenance type. 

  Type of trigger Name 

CM  Complaints  Quality complaints 

Error code Error displayed 

PM UBM Clicks (prints) 
 

20 million clicks 

40 million clicks 

Time Quarterly 

Half-year 

Operating hours Carel Steamer 

Degasser pumps 

CBM PWM too high Friction between belt and vacuum plate 

Average PWM to high Cleaning print belt 

Temperature too high Out of bound temperature in conditioning box 

Speed of paper Pollution of paper path 

Too low pressure Dropping pressure in fixation unit 
Table 1: Maintenance triggers for the VPi300 

1.2 1.2 1.2 1.2                 Research designResearch designResearch designResearch design    

1.2.1 1.2.1 1.2.1 1.2.1             Problem statementProblem statementProblem statementProblem statement    

At Océ, a lot of time and resources are spent on developing cost-efficient solutions to increase 

the printer’s uptime. The development and improvement of Decision Support Systems (DSSs) for 

FSTs is one aspect of these solutions. The VPi300 is a big and complex machine and the 

objective of designing DSS is to improve the decisions made by FSTs. At Océ headquarters (HQ) 

there is no knowledge about the actual use of DSS by FSTs during service visits in the field. This 

can be explained by the fact that headquarters is only involved when complex failures or safety 

issues have occurred. These problems are normally new and did not happen before, which 
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makes them different from normal service visits. The effort put into the development of DSS is 

only effective if the DSS is used. The question that arises is:  

 

Do the FSTs use the DSS, do the support tools help the FSTs to make better decisions and how 

can the support be further improved?  

 

If this is not the case, the availability of the system would never reach the optimal level, even 

when the failures and quality problems can be predicted perfectly.  

1111.2.2 .2.2 .2.2 .2.2             Research questionsResearch questionsResearch questionsResearch questions    

Given the problem statement in Section 1.2.1 the main research question is defined: 

 

How can the FSTs’ decision-making process with the DSS be improved to enhance the 

maintenance service performance at Océ? 

 

To investigate the main research question, first, a few sub-questions need to be answered.  

 

1. What is the maintenance visit process and provided support at Océ?  

 

An FST can acquire information from different DSS during the visit preparation and visit process. 

The goal of this research question is to clarify the maintenance visit process and the information 

that can be acquired, from what source and what they need to do to acquire the information. 

 

The work procedure is analyzed by interviewing the FSTs about their service visits and by 

reviewing the work instructions for FSTs. Regarding the support, FSTs can acquire support 

during the visit preparation and visit execution. Via interviews with the FSTs and service tool 

managers, we determine the key functionalities for the tools and support consulted during the 

visit preparation and visit execution. Based on the formulated features we look into the tools 

and information messages to structure the content and link it to the key functionalities.  

 

This process and the results are further described in chapter 2. 

 

2. What decisions do FSTs make during the service process? 

The goal of the research question is to describe the decisions that need to be made at Océ and 

the decision-making behavior during a service visit. The description of the decisions is 

established by interviewing FST, reviewing the instructions for FST and evaluating the provided 

support. Afterward, these decisions are linked to the steps and decisions of the Problem-solving 

cycle (PSC). 
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The analysis of decision-making behavior is achieved by analyzing the logbooks of previous 

service visits. In addition, a survey is conducted in which FSTs indicate the time allocation and 

the execution of possible actions that have been defined via previous interviews and the review 

of the work instructions. The indications are used to describe the decision behavior. This process 

and the results are further discussed in chapter 3. 

 

3. What is the performance of FST working with the support tools? 

a. How to evaluate the performance of FSTs? 

b. What is the FSTs’ performance? 

 

Here, the goal is to evaluate the performance of FST. For this research question, a Productivity 

Measurement and Enhancement System (ProMES) is designed. We design a new evaluation 

system because the current evaluation method is different for each NSO and not only based on 

objective performance data. A ProMES is a management system for measuring and improving 

the productivity, effectiveness and overall performance of people in organizations. Pritchard et 

al. (2008) conduct a meta-analysis and show that the advantages of ProMES are the resulting 

productivity improvements and the applicability in many different settings. To develop a 

ProMES, Kleingeld (1994) suggests four steps to perform: 

1. Identify the organizational goals 

2. Develop indicators to measure these products 

3. Establish contingencies 

4. Create a formal feedback report 

 

The first step is performed by interviewing the service department at Océ headquarters. For the 

second step, the literature is consulted and the current performance evaluation method at Océ. 

After the selection of Performance Indicators (PIs), the contingencies are established by multiple 

rounds of interviews with the FSTs in the National Service Organizations (NSOs). Finally, the 

performance reports are generated by using the contingencies and performance-related data 

available in SAP. The process and the results for this research question are further discussed in 

chapter 4. 

 

4. What service visit decisions and behavior influence the performance of the FST?  

 

The behavior is divided into five aspects: 

a. Use of DSS and execution of instructed activities 

b. Time allocation 

c. Service preparation effectiveness 

d. DSS suggestion adherence 

e. Evaluation effort 
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Based on the results of research questions 1, 2 and 3 we try to find relations between the FSTs 

decisions and the performance via correlations tests. First, we develop some hypothesis based 

on previous research and then we test the relation via the Spearman’s correlation test. The 

results are further discussed in chapter 5. 

1.2.3 1.2.3 1.2.3 1.2.3             ScopeScopeScopeScope    

This thesis focuses on the decision-making process of FST’s in National Service Organizations 

(NSOs) Germany and the Netherlands at service visits for the VPi300. The decision-making 

process for both preventive and corrective maintenance visits will be in scope for this project.  

1.2.41.2.41.2.41.2.4                Research deliverablesResearch deliverablesResearch deliverablesResearch deliverables    

Deliverables for Océ 

As explained in Section 1.2.1, Océ wants more insight into the current usage of DSS and more 

insight into the decision-making process with the provided DSS. It is expected, that correct 

usage of DSS becomes more and more important because the accuracy of the DSS predictions 

and information keeps improving. By performing this master thesis research, we will generate 

multiple deliverables for Océ.  

First of all, in chapter 3 we answer research question 2. Answering this research question 

provides Océ insight into how using support influences the decision-making process. It also 

provides insight into how often the provided support is used, instructed activities are executed 

and suggestions made by ADAM are followed. 

Second, in chapter 4 we provide an objective performance evaluation tool designed for NSOs 

Germany and the Netherlands. Currently, the performance evaluation of FSTs is based on a few 

single performance indicators, but this tool calculates the overall performance of FSTs based on 

objective data from SAP. We also investigate if other performance indicators found in literature 

can be used to measure FST performance. Chapter 4 will answer research question 3. 

Third, in chapter 5 we answer research question 4. Here, we provide Océ insight into which 

support tools and what information influences the performance of FSTs. Finally, we provide Océ 

with recommendations to improve the performance of FSTs. 

Academic deliverables 

In this research, we perform a case study to investigate the FST behavior and interaction with 

DSS for operational maintenance decisions. By performing this master thesis, we contribute to 

academia in the following manner.  

First of all, we investigate the decision-maker's interaction with DSS in a new field. Current 

research regarding this topic is often conducted in the field of forecasting and healthcare, but 
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we investigate the use of multiple DSS types for operational maintenance decision-making. 

Literature regarding DSS in maintenance is mostly about the design of DSS or about strategic or 

tactical decision-making, such as maintenance policy selection. 

Second, we investigate the relation between the DSS use and the performance of FSTs over a 

period of one year, where all decision-makers have had the opportunity to use the same DSS 

during their decision-making process and an optimal decision cannot be determined. In current 

literature, research regarding the relationship between DSS use and performance is investigated 

by determining the decision quality and speed. In these studies, the content of the DSS can be 

manipulated and the decision performance with the use of DSS is compared to the decision 

performance of a situation without the use of DSS. The decision quality is in such cases based on 

a comparison with a known optimal decision. 

1111.3.3.3.3                LiteratureLiteratureLiteratureLiterature        
This project attempts to analyze the use of DSSs, during operational maintenance decision 

making and analyzing different behaviors in relation to the performance. We look in literature 

for research regarding maintenance, decision support systems (DSS), problem-solving and 

decision classification methods. 

Maintenance 

Maintenance operations are different from general production operations. Production focuses 

on 100% run time and maximum production volume, while maintenance operations focus on 

preserving the lifespan of the equipment.  

There are different ways to perform maintenance; first of all, there is corrective maintenance 

(CM), which is triggered when a part or system has failed. Second, for preventive maintenance 

(PM) a part is replaced before it has broken down. There are two types of preventive 

maintenance: Usage-based maintenance (UBM) and Condition-based maintenance (CBM). UBM 

is based on how much or how long a particular part or system has operated. CBM looks at the 

state or condition of the part and not how much it is used. Therefore, the same part type can be 

replaced after different intervals for CBM. Third, Arts et al. (2019) define modificative 

maintenance (MM) as a maintenance policy that concerns replacing components with 

technologically superior components. Figure 2 provides a schematic overview of maintenance 

policies defined in literature. The choice for a maintenance policy is often a trade-off between 

several factors such as the predictability of failure, cost, downtime, and number of production 

stops. 

Human error is considered as a considerable factor in maintenance. Robinson et al. (1970) found 

that 25% of the system malfunctions were related to human errors and Lin and Hwang (1992) 
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even argued that human error is directly or indirectly related to system malfunctions between 

70% and 90% of the cases. 

 

Figure 2: Maintenance strategies (Arts, 2013) 

Decision support systems 

Decision Support Systems (DSS) are used to reduce the probability of human error. Lim and 

O’Connor (1996) found that the use of DSS reduces the negative influence of decision biases 

and Suri and Whitney (1984) showed that the use of DSS reduces the mistakes regarding data 

collection and monitoring. Massie (2009) shows that the decision speed and decision quality or 

correctness increase when using the DSS.  

Power (2002) identified five categories of DSS. Data-driven DSS supports the analysis of large 

amounts of structured data. Model-driven DSS supports access to and manipulation of a model. 

Knowledge-driven DSS suggests or recommends actions to the decision-maker. Document-

driven DSS helps decision-makers gather, retrieve, classify and manage unstructured data. 

Finally, communication-driven DSS supports communication between team members. 

The actual decision made by decision-makers depends on the use of DSS, but also on the way 

the decision-maker reacts to the information and suggestions of the DSS. Fitzsimons and 

Lehmann (2005) find that recommendations do not always bring positive results. Advice shows 

to have a positive influence when the advice has the same direction as the decision maker’s own 

choice. In those cases, the difficulty of the decision decreases and the decision-makers have 

more satisfaction and confidence about the decision made. If the recommendations are in the 

opposite direction of the decision maker’s choice, they show to intentionally deviate from the 

recommendation and develop a negative attitude towards the source of the advice. 
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Önkal et al. (2009) find decision-makers tend to use human expert's advice over advice from 

statistical methods for forecasting. Madhavan and Wiegmann (2007) investigate the reason for 

this finding and show that the trust development for human support and automated DSS 

support is different. Decision-makers expect automated DSS to be perfect and in case an 

automated DSS fails, the trust decreases more than for human expert advice. 

Dietvorst and Simmons (2016) and Prahl and Van Swol (2017) also show that when participants 

see the DSS recommendations based on algorithms fail, they lose confidence and are more 

likely to choose a less successful human forecaster. Dietvorst and Simmons (2016) call this 

algorithm aversion, which can be reduced by allowing decision-makers to slightly modify the 

algorithm. Besides more usage and confidence in the support tool, the opportunity to modify 

algorithms also increases satisfaction and perceived algorithm performance. 

Lee et al. (2008) investigate the effect of experience with a DSS and the actual use of the system. 

They find that the individuals with less experience with the DSS show less focused and efficient 

problem-solving behavior and less usage of the DSS. 

Problem Solving Cycle 

Performing maintenance is about solving problems to make the machine available for 

production. In literature, multiple Problem-Solving Cycles (PSC) exist, which provide systematic 

steps to solve a problem. For this research we choose the PSC depicted in figure 3 because it is 

similar to the steps of the CARE process (Collect, Analyze, Repair and Evaluate) at Océ. The 

activities that FSTs do during a service visit will be linked to these steps of the PSC. 

Kosky et al. (2010) define the problem definition as the translation of a need, which consists of 

the problem, the objective, and the constraints. Preferably a small analysis of the causes and 

effects is added to support the problem definition.  

 

Figure 3: Problem solving cycle (Otte-Trojel et al., 2015) 
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After the problem definition, the analysis and diagnosis step starts, which following Van Aken et 

al. (2007), is about data collection and analysis. The empirical analysis further consists of 

identifying and validating the causes and possible consequences.  

Van Aken et al. (2007) also discussed the content for the solution design process. Solution 

design is about generating possible solutions and evaluating if the solution solves the problem 

and what the solution will cost. Van Aken et al. (2007) and Zhang et al. (2007) both defined four 

steps for designing a solution: 

 

1. List alternatives 

2. List the consequences  

3. Evaluate the preference of the alternatives and consequences 

4. Choose the preferred action out of the set of alternatives 

 

After the solution design is finished, the implementation of the solution starts. Van Aken et al. 

(2007) defined that the decisions related to this step are about designing the change plan and 

execution of the change process. A change plan contains a description of the problem, a 

specification of the actions and the timing of these actions, a specification of the people 

involved and a communication plan. The description of the problem was already established at 

the problem definition step. This means that the new decisions to be made are about the action 

and timing and the people involved in the change process.  

 

Finally, the last step is evaluation and Van Aken et al. (2007) determined three objectives: 

determining the achieved results and improvements to be made, learning for future problems 

and stimulating personal development. Appendix A provides an overview of the identified 

decisions made during each step of the PSC and these identified decisions will be linked to the 

decisions made by FSTs at Océ. 

 

Decision classifications 

Decisions can be classified, based on the decision complexity. An example is the decision order 

taxonomy developed by Scherpereel (2006), which identified three levels of complexity.  

 

• First-order problems: Simple problems and the decision can be made with certainty. The 

problems are solved by well-known solution methods with deterministic rules and 

procedures.  

• Second-order problems: Stochastic problems where the solutions depend on probability 

theory. The goal of the solution is to optimize the result. 

• Third-order problems: Complex problems often solved by heuristics. The goal of these 

heuristics is to apply the satisficing strategy and therefore look for acceptable solutions. 
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Yates and Tschirhart (2006) defined another method to classify four decisions types:  

• Choices: Decisions to select a subset out of a larger set 

• Acceptance/Rejection (Binary): Binary decisions in which one is accepted or not 

• Evaluation: Decisions to determine the value of an aspect 

• Construction: Complex decisions to optimize the solution, which can consist of multiple 

decisions  

 

The decisions made by FSTs will in the remainder of this research be linked to the identified 

decision types. 
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Chapter Chapter Chapter Chapter 2222        SSSService procedure and ervice procedure and ervice procedure and ervice procedure and information information information information supportsupportsupportsupport    at Océat Océat Océat Océ    
The second step of the research is to provide a more detailed overview of the instructed 

activities an FST could execute during a service visit and the information and support that is 

provided during the service visits.  

At Océ, the National Service Organizations (NSOs) are responsible for servicing the customers 

located in their region. The NSOs can divide the responsibilities and activities over the different 

functions and determine their work processes. The insight in the activity and responsibility 

distribution and current work procedure of FSTs is collected by conducting semi-structured 

interviews, with Field Service Specialists (FSSs) and FSTs in both NSOs and by analyzing the work 

instructions. An overview of the semi-structured interview is provided in appendix B. 

The support and information description is the result of the analysis depicted in figure 4, where 

for each information source and support tool a general description of the content and the 

acquisition method is provided. By interviewing the FSTs and service tool managers we gathered 

the input for determining the key features of each support tool. Next, we looked into the 

support tools and information messages and linked the content to the key features. For passive 

information gathering, the FSTs are automatically provided with the support. For active support 

gathering, the FSTs have to consciously choose to consult the support. 

 

Figure 4: Support analysis process 

Pepping (2015) defined in his research into human error in maintenance two major stages 

during the maintenance process, the visit preparation and visit execution.  These two stages are 

taken into account, to provide a clearer idea about the timing of service activities. Section 2.1 

discusses the visit preparation and section 2.2 the visit execution. 

2222.1   .1   .1   .1           VVVVisit preparationisit preparationisit preparationisit preparation        
The preparation for preventive and corrective service visits differs in the work procedure, the 

trigger causing the service visit and the time pressure on the service visit preparation. The time 

and date of the Preventive Maintenance (PM) visits are known at least one day in advance, while 

the preparation time for Corrective Maintenance (CM) visits is based on the response time 

agreed upon in the service contract. This means that the time pressure on preparing for 

corrective service visits is much higher. Due to the differences between the maintenance types, 

we investigate the work procedure for both types.  



13 
 

This research focuses on two different NSOs and therefore we discuss the service visit 

preparation for these NSOs and make a comparison between the NSOs in section 2.1.1. In 

section 2.1.2 the support for the service visit preparation is discussed. 

2222.1.1   .1.1   .1.1   .1.1       PPPProcedurerocedurerocedurerocedure    

The interview results with the Field Service Specialists (FSSs) and FSTs  show that the preparation 

procedure is different for each NSO. Appendix C provides an overview of the different service 

visit preparation activities that are identified and the role that is responsible for the activity in 

both NSOs. Table 2 combines the two tables presented in appendix C into one table.  

The cells, which are only marked with a cross, indicate the same responsibility distribution in 

NSO the Netherlands as NSO Germany.  All cells, which are marked yellow and contain “NA”, 

indicate the activity is not applicable for the corrective or preventive service visit. The cells 

marked in red indicate differences between the NSOs.  Table 2 also provides the order in which 

the activities take place. All activities with the same number can be executed in parallel or 

different order. 

Activity  Comparison 

 

Support 

Visit Type Responsibility FSS FST Planner Customer 
center 

FST 

Corrective 

visits 

Trigger visit NA NA NA NA NA 

Call intake    X NA 

Plan visit   X  NA 

1. Review planned visit  X   Yes 

2. Call screening  X   Yes 

2. Review remote information  X   Yes 

3. Preparation execution   X   Yes 

4. Call customer to 
communicate arrival time 

 X   No 

Preventive 

visits 

Trigger visit NL DE   Yes 

Call intake NA NA NA NA NA 

Plan visit    X  NA 

1. Review planned visit  X   Yes 

Call screening NA NA NA NA NA 

2. Review remote information NL X   Yes 

3. Preparation execution   X   Yes 

Call customer to communicate 
arrival time 

NA NA NA NA NA 

Table 2: Service visit preparation comparison 
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The service preparation for corrective service visits is the same in both NSOs. For the preventive 

maintenance visits, we see that the responsibility to trigger a preventive service visit is for the 

FSS in the Netherlands and the FST in Germany. The FSS in the Netherlands also needs to review 

the remote information, because he needs to estimate the duration and know what parts and 

activities need to be performed during the visit. 

2222.1.2.1.2.1.2.1.2                SSSSupportupportupportupport    

Now the visit preparation process for both service visits is defined, we continue with describing 

the information and support that is provided. As can be seen in Table 2, the six activities that are 

supported are “Trigger visit”, “Review planned visit”, “Review remote information”, “Do a screen 

call” and “Order parts”.  In the remainder of this section, we describe the support for each 

activity based on the content analysis. 

1. Support for “Trigger visit” 

Preventive Maintenance (PM) service visits in Germany have to be triggered by an FST. The 

decision to trigger a PM visit is supported by two sources, which both show the outstanding 

maintenance tasks, the usage level and the expected remaining lifetime. The FST needs to 

actively gather the information from:  

• Advisory Dashboard for Analysis and Maintenance (ADAM): During a service visit  

• Océ Remote Service (ORS): Remotely looking into the worklist 

•  

A more detailed description of the provided information is provided in appendix D. 

 
2. Support for “Review planned visit” 

Once the planner finished with arranging an appointment and assigning an FST to the 

appointment, the FST is notified. The information in this trigger message is acquired passively 

because it is sent to the FST and the FST does not have to actively search for the information. 

Appendix E provides a more detailed overview of the content and table 3 presents an overview 

of what is provided to FST in the NSOs and for which type of service visit. 

 

Type Germany The Netherlands 

 Corrective Preventive Corrective Preventive 

Customer contact information Yes Yes Yes Yes 

Visit information Yes Yes Yes Yes 

Reason/issue Yes Yes Yes Yes 

Maintenance information No No No Yes 
Table 3: Provided information in service visit trigger messages 
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3. Support for “Review remote information” - ORS 

Reviewing the remote information is about looking into the Océ Remote Service (ORS) overview 

and the Technical Service Manual (TSM) reports. The information in ORS needs to be actively 

acquired by the FST. In ORS, the FST can find the worklist, which contains an overview of errors 

and warnings which have occurred and the preventive maintenance tasks that need to be 

performed. ORS further provides the configuration settings and the opportunity to look into the 

logbooks of previous service visits.  

A detailed and complete overview of the information in the worklist is provided in Appendix F. 

Appendix G presents an overview of the information included in the logbooks.  

What needs to be pointed out is that all this information might not be fully up to date. The gap 

between the information in ORS and the real-time data depends on the moment a data 

snapshot is made. The smaller the gap between snapshot time and the real-time, the smaller the 

information and data gap. 

4. Support for “Review remote information” - TSM 

Besides using ORS, the FST has the opportunity to use TSM, which is a guide that helps the FST 

to install, maintain, repair and keep the system up and running. This includes instructions for 

performing service visits and for using the support tools ADAM, Diagnostic Framework (DF) and 

TSM itself.  

TSM is divided into three main parts:  

• Area is divided over the main modules: Process, Paper, Finishing, System management, 

Optional and Environment 

• Symptom- is about symptoms, errors and warnings and problems that can occur on the 

machine. Symptoms are further divided over: 

o Image quality problems or issues 

o Error code related problems 

• Parts list- contains information about the individual parts. You can find the order 

information on that specific part. 

The section “Area” shows for each module the installation, modification and preventive 

maintenance information and instructions. The preventive maintenance section in Area provides 

step-by-step instructions on how to perform the preventive maintenance task. 
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In the section “Image quality”, TSM shows diagnostic methods and known problems in case of 

quality-related issues. TSM also provides information about how to determine the type of print 

quality. Based on the type of quality issue, like banding and white and black lines, possible 

action plans together with test files are suggested to diagnose the problem. For some problems, 

the possible causes, verification methods, and possible solutions are provided.  

For the error code related problems, each error code has a TSM page. These TSM pages consist 

of a description of the error code, a list of possible causes, the verification methods and 

solutions.  The description of the error code mentions what the problem is, where the problem 

occurs and when it occurs. The possible causes indicate what causes have been identified for the 

error to occur. The verification methods show how to check if the possible cause is the actual 

cause of the error code problem to occur. The possible solutions present how the identified 

cause can be solved. Once a solution is selected, the TSM instructions provide a step-by-step 

implementation procedure. 

5. Support for “Do a screen call” 

The FST can try to acquire new information by asking the customer questions over the phone, 

which is called a screening call. This screen call can only be initiated by the FST and not by the 

customer. Therefore this information acquisition needs to be done actively. The importance and 

reliability of information acquired during this step depends on several factors. The type of 

problem is important because quality-related problems are more subjective than error codes. 

Further, operator skill and knowledge influences the ability to answer questions. Finally, the FST 

skill to answer the right questions also influences the provided information. 

The influencing factors can cause a lot of variation in the acquired information during the visit 

preparation. The asked questions and the answers to these questions are not collected and 

therefore the exact information provided is unknown. 

6. Support for “Preparation execution” 

Once the FST has gathered enough information to have an idea about the problem, the FST can 

order parts, which might be necessary to solve the problem or perform the maintenance. The 

information about which parts are required for certain actions can be actively gathered form the 

TSM reports.  

2222.2 .2 .2 .2                 Visit executionVisit executionVisit executionVisit execution    
In this section, we provide an overview of the maintenance procedure and support tools, which 

are available to the FST during each stage of the CARE process (Collect, Analyze, Repair and 

Evaluate). The support for FST and the responsibilities of FST during the service visit is the same 

for both NSOs.  
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The discussion of the different CARE steps is ordered in chronological order for service visits. 

Therefore, we start in section 2.2.1 with the explanation of the procedure and support for the 

“Collect” stage. In section 2.2.2 we continue with the “Analyze” stage. Finally, in section 2.2.3 and 

2.2.4, we finish with the information and support overview for the “Repair” and “Evaluate” stage. 

2222.2.1 .2.1 .2.1 .2.1                 ““““Collect” stageCollect” stageCollect” stageCollect” stage    

The goal of the “Collect” stage is to collect information from the customer and the system to 

define the problem. Appendix H provides a schematic overview of the work process, the FST are 

instructed to follow during the Collect stage. Table 4 describes each activity and presents if 

support is provided. The information collected from the customer is subjective, while the 

information from PRISMAsync and Advisory Dashboard for Analysis and Maintenance (ADAM) is 

objective. Table 4 also provides the order in which the activities take place. All activities with the 

same number can be executed in parallel or different order. 

Activity Description Support  

1. Collect information from the 

customer 

Interview the customer about 
the perceived problem 

Customer - active 

2. Collect information from 

ADAM and PRISMAsync 

Review the machine information 
to identify the problem 

ADAM and 
PRISMAsync – active 

3. Try to reproduce the problem Try to see the problem occur  

3. Verify media type Check consistency of media 
(paper) with settings of media 

 

3. Verify customer story with 

facts 

Verify the customer story  

4. Write down problem 

description 

Write down the problem 
description 

 

Table 4: Collect activity description 

1. Collect information from the customer 

When the FST arrives at the customer site, he is instructed to introduce himself and talk with the 

customer about the problem. To reach to good and efficient results, the FST is instructed to use 

questioning techniques and look at the work environment of the customer: 

• Questioning techniques: 

o Open-end questioning: What is the problem exactly? When does it occur? 

o Clarifying questioning: If I understood correctly, ..? Can you show examples? 

• Work environment: find environmental factors that might cause the problem 
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Here, the same performance variation causes as for screen call apply. The difference is that the 

FST can see the problem and ask more detailed questions based on the visual information. This 

helps in evaluating the reliability of the operator information. Besides that, it is easier for the FST 

to talk to the customer when he is on-site because the FST does not need to pick up the phone 

and a customer can proactively provide information.  

 
2. Collect information from ADAM and PRISMAsync  

A key functionality of ADAM that FSTs are obligated to use, is to support the CARE process. 

Therefore, ADAM is structured in the same order and provides a page for Collect, Analyze, 

Repair and Evaluate. At the collect page, the FST is presented with general machine information 

and a small summary of the previous service visit. Appendix I presents a more detailed overview 

of the information provided at the “Collect” page. 

PRISMAsync is the operating system used by the key operator to print jobs. In PRISMAsync, the 

FST can verify the media type and look at all the print jobs and job settings in the queue. It 

further displays all the outstanding maintenance tasks for the operators. The information from 

PRISMAsync has to be acquired actively. 

2222.2.2 .2.2 .2.2 .2.2             “Analyze” stage“Analyze” stage“Analyze” stage“Analyze” stage    

After the problem description is written down, the FST proceeds to the “Analyze” stage. The 

main goal in this stage is to analyze the information and data collected, find the causes of the 

problem and decide upon the action to perform to solve the problem. Appendix H provides a 

schematic overview of the instructed “Analyze” procedure. Table 5 provides a small description 

of each step and if information is acquired during this step. Again the equal numbers indicate 

that parallel execution is possible.  
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Task Description Support  

1. Link the problem 

to error codes or 

maintenance tasks 

Review the error codes that occurred and 
evaluate if the error codes are related to the 
problem 

ADAM-
passive/active 

2. Read the history 

information 

Review the logbooks of previous service visits ADAM-active 

2. Use TSM Review possible causes for the problem TSM-active 

2.  Use Diagnostic 

Framework 

Analyze the function of single parts from the 
VPi300 

DF-active 

3. Decide upon the 

further actions 

Review possible solutions for the problem TSM-active 

4. Agree with the 

customer about 

further actions 

Ask the customer if the customer agrees that 
all intended actions can be executed 

 

Prepare a call  Summarize the problem and what the FST has 
done 

 

Escalate to second 

support line 

Ask the FSS for support FSS – active and 
not standard 

Table 5: Analyze activity description 

In the remainder of this section, we discuss the support provided during “Link the problems to 

error codes”, “Read the history information”, “Use Diagnostic Framework” and “Escalate to 

second support line”. The content of TSM is already described in section 2.1.2 and is always 

available for the FST, but needs to be actively consulted. 

1. Support acquired during “Link the problem to error codes or maintenance tasks” 

First, the FST should try to link the error and warning codes from the worklist to the defined 

problem. The worklist that is shown to the FST in this step is the same as the worklist in ORS, but 

this is the exact worklist and not the one of the latest snapshot. The Advisory Dashboard for 

Analysis and Maintenance (ADAM) further differs from ORS, because it provides the error 

occurrence over the production volume and not only the total count. As mentioned, the detailed 

overview of the information provided in the worklist is presented in appendix F.  

When the error codes on the worklist do not seem sufficient, the FST is able to review the 

complete error occurrence on another subpage. The complete overview needs to be actively 

consulted, while the worklist is provided on the “Analyze” page. Appendix J provides a more 

detailed overview of the information in this total error list. 
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2. Support acquired during “Read the history information” 

Once the FST linked the problem to error codes he should read the logbooks of previous service 

visits to find valuable information regarding the cause or failed solution for the problem. The 

history information is provided in ADAM and consists of: 

• Complete logbook overview: overview of a single service visit 

• Reason/issue overview: all problem and solution descriptions  

• Maintenance: all maintenance tasks on the worklists, the usage rate, and actions and 

remarks 

• Errors: all errors on the worklists, the description, occurrence, action, and remarks 

• Parts: all parts used  

• Remarks for the next visit: all extra remarks made 

 

The detailed overview of this information is shown in Appendix G. The general service visit page 

is provided in ORS and the other five subpages are not provided. The history information needs 

to be actively acquired 

 

3. Support acquired during “Use Diagnostic Framework” 

The Diagnostic Framework (DF) is a tool, which helps the FST analyzing the data from the 

functional log. The functional log makes it possible to look at the performance and condition of 

a single part in the machine. After the FST indicates what to analyze and over what time frame, a 

graphical representation of the data is provided together with the normal values. The 

information in the DF needs to be actively acquired and the usefulness depends on the skills of 

the FST.   

4. Support acquired during “Escalate to second support line” 

In case the FST cannot decide what the problem is or what can be done to fix the problem, they 

are instructed to escalate the problem to a higher expertise level. The first escalation level is to 

the NSO where the Field Service Specialists (FSSs) handle the escalations. Before FSTs escalate 

the problem, they need to prepare the call by listing all the actions they performed and all the 

facts. Furthermore they should save examples, indicate the urgency of the problem and the 

impact of the problem on the customer. The suggestions and correctness of these suggestions, 

made by the FSS, vary a lot and are often based on the Technical Service Manual (TSM) 

instructions and FSS experience. 
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2222.2.3 .2.3 .2.3 .2.3             ““““RepairRepairRepairRepair” stage” stage” stage” stage        

After the customer agreed with all the actions the FST wants to execute, the FST continues with 

the repair stage. The repair stage is about implementing the solution and verifying if the 

problem is solved. Appendix H schematically presents the process and table 6 provides the 

description of the steps and provided support. In the remainder of this section, the support from 

TSM and the Service Diagnostic System (SDS) is discussed. The escalation to the second support 

line is already discussed in section 2.2.2. 

 

 

Activity Description Support  

1. Use and apply TSM 

instructions 

Using the step-by-step process to implement the 
solution 

TSM- 
active 

2. Do a test run to check 

print quality 

Run the test file to check the print quality SDS - 
active 

3. Verify if the actual 

problem is solved 

Check if the implementation solved the problem  

4. Invest time in other 

problems and PM 

tasks 

Check if other problems need to be solved or time 
is available to perform outstanding PM tasks 

 

Prepare call Summarize the problem and what has been done  

Escalate second support 

line 

Ask the FSS for support FSS- active 

Table 6: Repair activity description 

1. Use and apply TSM instructions 

After the “Analyze” stage, the FST is supposed to know what resolution activity needs to be 

implemented. For these actions, an exact step-by-step plan is provided in TSM. The repair 

instructions consists of: 

• Introduction: Presents a top view picture to show where to open the machine, a time 

indication, the required tools and required protection for implementing the solution. 

• Reasons to perform the task 

• Preparation actions 

• Procedure: written and visual description of each step in the process 

• Evaluation actions 
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2. Do a test run with the test file to check print quality 

After the reparation is executed, an FST needs to check if the reparation is executed correctly 

and to check if the problem is solved. This can be done by running the system and parameter 

tests in SDS, which can test single parts and standardized quality tests. Due to the 

standardization of the test prints, they can easily be compared with other test prints. 

2222.2.4 .2.4 .2.4 .2.4             ““““Evaluate” stageEvaluate” stageEvaluate” stageEvaluate” stage    

Finally, the service visit ends with the evaluation stage. The goal of this stage is to summarize 

the service visit for future service visits and to communicate the resources spend on the service 

visit. Appendix H schematically presents the processes and table 7 describes the steps and if 

support is provided to the FST.  

Activity Description Support 

source 

1. Inform the customer Summarize what actions are executed  

2. Fill in service reporting Fill in the hours spend and parts used TSM 

2. Fill in ADAM fields Fill in the error codes solved, outstanding 
maintenance tasks executed and parts used 

ADAM and 
TSM 

3. Make valuable info 

available for colleagues 

Communicate what the FST perceives to be 
important or valuable for future service visits 

 

4. Close and exit with save Save the service reporting  

5. Tidy up Clean up the work place  
Table 7: Evaluate procedure 

As shown in Table 7, the FST should communicate what error codes have been solved, the 

outstanding maintenance tasks that have been executed during the visit and the used parts. 

Filling in the used parts in ADAM is supported by TSM, which provides the FST with the part 

number that is required to execute a certain action. Communicating the solved error codes is 

filled in ADAM, where ADAM already provides the FST with three options to communicate what 

action is done. The actions can be chosen by a single click, which safes the FST time compared 

to communicating the actions by free text. These can either be: 

• Done: Service action is executed to solve the error code or execute the maintenance task 

• Postpone: No service action is executed and the evaluation or execution of this error 

code or maintenance task is postponed to the next visit. 

• No action needed: This is only applicable for error codes in case the error code is 

evaluated but there is no service action required to solve the problem. 
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2.3 2.3 2.3 2.3         ConclusionConclusionConclusionConclusion    
In this chapter, we have answered the first research question about the work procedure and 

support at Océ. We have described the preparation, Collect stage, Analyze stage, Repair stage 

and Evaluate stage in more detail. The goal of the Collect stage is to collect information from 

the customer and the system to define the problem. The main goal of the Analyze stage is to 

analyze the information and data collected, find the causes of the problem and decide upon the 

action to perform to solve the problem. Collect and Analyze are not applicable for preventive 

maintenance (PM) visits. The repair stage is about implementing the solution and verifying if the 

problem is solved. Finally, the goal of the Evaluate stage is to summarize the visit for future 

service visits and to communicate the resources used. Based on the results we can further 

provide an overview of the key functionalities of all the available support tools: Océ Remote 

Service (ORS), Advisory Dashboard for Analysis and Maintenance (ADAM), PRISMAsync, 

Diagnostic Framework (DF), Technical Service Manual (TSM) and Service Diagnostic System 

(SDS). This overview is presented in table 8. 

Tool  DSS type Stage Key functionality 

ORS Knowledge 
driven and 
Document 
driven 

Preparation 
 

Present configurations settings 

Present error and warnings  

Present outstanding PM tasks 

Present the logbooks of previous visits 

 ADAM  General Provide an integrated platform for multiple DSS 

Data driven Problem 
definition 

Present counter values and configuration 
settings 

Knowledge 
driven and 
Document 
driven 

Analyze Analyze errors and suggest relevant errors for 
the service visit 

Present outstanding PM tasks 

Present the logbooks of previous visits 

Communication 
driven 

Evaluate Support solved error code reporting 

Create and store logbooks automatically 

Reset system counters 

PRISMAsync Data driven Problem 
definition 

Present media settings 

Present job settings 

Print jobs to reproduce the problem 

DF Data driven Analyze Analyze and display functional logging data 

TSM Knowledge 
driven 

Analyze Provide suggestions for causes 

Provide suggestions for solutions 

Repair Provide step-by-step process to implement the 
solution 

Evaluate Provide part number overview 

SDS Data driven Evaluate Run system tests and calibrate system settings 
Table 8: Key functionalities of available supporting tools 
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CCCChapter hapter hapter hapter 3333        FST’s decisions for service visFST’s decisions for service visFST’s decisions for service visFST’s decisions for service visitsitsitsits    
In this chapter, the decision-making process of FST is investigated. First, we link the activities at 

Océ to the different Problem-Solving Cycle (PSC) steps based on the literature review in section 

1.3 and the work procedure analysis in chapter 2. The activities and PSC steps are related to 

each other when they have the same objectives. Section 1.3 discusses the objectives of each PSC 

step. 

Second, we investigate how the decisions, related to each PSC step, are influenced by the 

provided support at Océ. Here, we also link the decision types defined by Yates and Tschirhart 

(2006) to provide more insight into the difference between problem situations. As mentioned in 

section 1.1.2, there are different triggers for Preventive Maintenance (PM) and Corrective 

Maintenance (CM) service visits. Based on the interviews with FSTs we can define three different 

service visit situations at Océ: PM visits, CM visits due to an error code and CM visits due to print 

quality problems. We discuss these three situations and link them to the decision order 

taxonomy difficulty levels in the remainder of this chapter.  

Section 3.1 discusses the service preparation and section 3.2 the service visit execution. In 

section 3.3 we describe the service visit behavior and quantify the decisions made by the FSTs by 

conducting surveys and analyzing the logbooks. Finally, section 3.4 discusses and summarizes 

the results. 

3333.1.1.1.1                        VVVVisit isit isit isit preparationpreparationpreparationpreparation    
In section 3.1.1 the decisions regarding Preventive Maintenance (PM) visit preparation are 

discussed and in section 3.1.2 the decisions for Corrective Maintenance (CM) visit preparation. 

3333.1.1.1.1.1 .1 .1 .1             PPPPreventive maintenancereventive maintenancereventive maintenancereventive maintenance    visitvisitvisitvisit    

In figure 5, a general picture of the PM visit preparation is provided and related to the Problem-

solving cycle (PSC) steps by marking it with the same colored rectangle as figure 3. For FST in 

National Service Organization (NSO), Germany the preventive service visit preparation consists 

of two decision processes. First, a visit needs to be triggered and then the actual service visit 

preparation decision process starts. For Dutch FST, only the second decision process is 

applicable. In appendix K the decision process overview for triggering a service visit is provided 

and Appendix L provides the decision overview for the actual service visit preparation.  



25 
 

 

Figure 5 Preventive service visit preparation related to PSC 

What we can conclude from the results is that the provided support by the Advisory Dashboard 

for Analysis and Maintenance (ADAM) and Océ Remote Service (ORS) reduces this evaluation to 

a first-order problem, where the binary decision has to be made to trigger a service visit or 

postpone it.  The expected risk of postponing, the expected moment the counter-based use 

level is reached and the expected first opportunity to perform maintenance influence the 

decision to trigger maintenance or not.  

The main decisions for the preventive service visit preparation are about reviewing ORS and the 

TSM instructions and order the required parts in time. The provided support makes this decision 

process a first-order problem because the solution for solving the PM is exactly described in the 

TSM instructions. 

3333.1.1.1.1.2 .2 .2 .2             CCCCorrective orrective orrective orrective maintenancemaintenancemaintenancemaintenance    visit visit visit visit     

The corrective service visit preparation and execution is much more uncertain compared to the 

preventive service visits because the cause and solution for the service visit is not exactly known. 

Figure 6 presents the preparation process and the relation to the PSC steps is indicated by 

making it with the same colored rectangle as in figure 3. Appendix M provides the decision 

overview for the preparation process. 

 

Figure 6: Corrective service visit preparation related to PSC 
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The main decision regarding the problem definition is about doing a screening call to acquire 

more information regarding the perceived problem and the objectives and constraints of the 

service visit. The information about the planned visit is acquired passively, which makes it easier 

to decide to review the information. Regarding the different problem situations, in case of error 

code related problems the problem definition is more objective than print quality-related 

problems. The occurrence of an error code is based on the objective measurements of the 

system itself, while print quality issues are often based on the customer's perception. It is hard 

to validate the perceived print quality issues because only a description of the problem is 

provided and no visual image. 

The main decisions regarding the analysis and diagnosis are about deciding to review ORS and 

TSM and directly evaluating the value of the information to identify the possible cause of the 

problem. The FSTs can instruct the customer to perform some analysis activities over the phone.  

The main decisions regarding the solution design is to evaluate if the problem can be solved by 

instructing the operator over the phone, to evaluate if a temporary fix can be applied to keep 

the system running during the travel time of the FST and to estimate if parts need to be ordered 

to solve the problem.  

3333.2.2.2.2                VVVVisitisitisitisit    executionexecutionexecutionexecution    
The moment the FST arrives at the customer site, the service visit execution starts. In the 

remainder of this section we discuss the decisions for the Collect stage, Analyze stage, Repair 

stage and Evaluate stage for both preventive and corrective service visits. 

3333.2.2.2.2.1.1.1.1                CollectCollectCollectCollect    stage stage stage stage (C)(C)(C)(C)    

As described in section 2.2.1, the goal of the collect stage is to gather information and data from 

both the machine and the customer and the final activity during this stage is to write down the 

problem description. Therefore this whole stage is about executing the problem definition step 

from the Problem-solving cycle (PSC).  

For preventive service visits the initial reason for service visits is exactly known and the “Collect” 

stage does not take place for visits solely dedicated to PM. But an FST can choose to try solving 

extra problems or helping the customer with questions, which are not triggered by a service visit 

request. This changes the PM visit into a PM and CM visit. 

For corrective service visits, the initial reason for service visits is not exactly known. The FST can 

have an idea or suspicion about what the problem is, based on the service visit preparation. 

When the FST arrives at the customer, they are instructed to solve problems that triggered the 

service visit request.  
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The main decisions during the Collect stage are about defining the perceived problem and 

validating if the perceived problem is also the actual problem. Depending on the completeness 

and correctness of the service visit preparation, the FST can decide to repeat or ask new 

questions to the customer. The FST further can take actions to validate the problem definition 

and seek for possible causes. Appendix N provides the full overview of the decisions, the 

decision type and the provided support by the DSS.  

The error code related problems are based on more objective triggers than print quality 

problems. Where for error code related problems the trigger is provided by the system, the print 

quality-related problems are based on the opinion of the customer and the type of print quality 

needs to be identified.  

3333....2222.2 .2 .2 .2             AnalyzeAnalyzeAnalyzeAnalyze    stagestagestagestage    (A) (A) (A) (A)     

The main goal of the analysis stage is to further analyze the problem, to seek the causes of the 

problem and to decide upon what actions to perform to solve the problem. The first two goals 

are related to the Analysis & Diagnosis of PSC and the third goal is about the solution design. 

Figure 7 provides insight into which activities are related to the analysis and which to the 

solution design. The activities marked in the blue rectangles are about analysis and diagnosis, 

the activities in the green triangle relate to solution design. In the remainder of this section, the 

Analyze stage is discussed for PM visits and CM visits in respectively section 3.2.2.1 and 3.2.2.2. 

 

Figure 7: Analyze process with PSC steps 

Just as the “Collect” stage, the “Analyze” stage does not take place for visits solely dedicated to 

PM. When the FST decides to solve extra problems that occurred, the service visit changes from 

solely dedicated to PM into a PM and CM visit. 
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For CM visits, after the FST finished the Collect stage and has written down the problem 

description, the Analyze stage starts. First, the FST is instructed to look into the worklist or 

complete an error overview. The goal of this activity is indirectly to find the causes of the 

problem. The direct goal is to find and validate the consequences of the problem. These 

consequences (error codes) can with the support of the TSM instructions be related to possible 

causes. Reading the history information can be used to find possible causes, but also to validate 

the causes. After the set of possible causes is determined, the Diagnostic Framework (DF) can be 

used to validate the causes. When the causes are determined and validated, the TSM 

instructions provide a small set of possible solutions. Appendix O provides the full decision 

overview of the decisions, decision types and provided support for decisions. 

3333.2.2.2.2.3 .3 .3 .3         RepairRepairRepairRepair    stage stage stage stage (R)(R)(R)(R)    

The repair process for FST is the same for PM and CM, the goal of this stage is to implement the 

designed solution, verifying if the problem is solved and verifying the system quality. The first 

goal is related to the PSC step “Implementation of solution” and the other two goals relate to 

the PSC step “Evaluation”. Figure 8 presents the general repair process and the relation of 

activities to the steps of the PSC. Appendix P provides more insight into the relevant decisions 

during the repair stage.  

For the implementation of the solution, the main decision is about deciding to use the TSM 

instructions or not. When the FST decide to use the TSM instructions for the implementation, 

they do not have to make any new decisions, because TSM provides a step-by-step process to 

follow. FST, who do not use the TSM instructions, have to come up with these steps by 

themselves. After the chosen solution is implemented the evaluation decisions are about using 

the defined the specific Service Diagnostic System (SDS) tests and standard test files to decide if 

the system performance is within the specified bounds. If the problem is not solved, then the 

next possible solution needs to be implemented or the problem needs to be escalated if the FST 

does not know what solution to implement next. 

Regarding the preventive maintenance, the execution of all steps in the TSM instructions solves 

the problem. The verification of the system performance can be applied, which is often within 

bounds because no failure triggered the maintenance. The occurrence of problems during 

verification is related to mistakes in the implementation. 

Regarding error code-related problems and print quality and media problems, the problems 

that occur during the verification cannot only be linked to the implementation of the solution, 

but also the mistakes in the chosen solution and chosen cause of the problem. For print quality-

related issues it can even be related to mistakes during the problem definition. 
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Figure 8: Repair stage with PSC steps 

3333.2.2.2.2.4 .4 .4 .4         EvaluateEvaluateEvaluateEvaluate    stage stage stage stage (E)(E)(E)(E)    

Finally, after the solution is implemented, the Evaluate stage of the CARE process starts. During 

the “Repair” stage, the FST should already have checked the quality of the solution and if 

additional improvements needed to be made. Therefore, the only goal left, regarding the PSC, is 

to learn for the future. This goal can be achieved by communicating and summarizing the 

service visit in ADAM. ADAM then generates a logbook file, which can be retrieved and 

consulted in the future. The steps “Fill in ADAM fields” and “Make valuable info available for 

colleagues”, shown in figure 9, relate to achieving this Evaluation goal. Appendix Q provides 

more insight into the decisions made during the “Evaluate” stage.  

The main decision during the Evaluate stage is about deciding the amount of effort to put into 

providing valuable information. Providing what error codes and maintenance tasks have been 

solved takes the FST two clicks per error code and maintenance task. The extra information 

requires the FST to type text in the free text section. 

 

Figure 9: Evaluation stage process with PSC steps 
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3333....3333            Decision behaviorDecision behaviorDecision behaviorDecision behavior    
In this section, the FSTs’ decision behavior during the visit preparation and visit execution is 

discussed. First, in section 3.3.1 we start by explaining how the data is acquired. Then in section 

3.3.2, we describe multiple measures that describe the FSTs’ decision behavior. These measures 

are in chapter 5 used to find relations with performance. 

3333....3.13.13.13.1                Data acquisitionData acquisitionData acquisitionData acquisition    

For the description of the service visit behavior, two methods of data acquisition were used.  

First of all, we analyze the content of the logbooks based on the following aspects: 

• The DSS suggestion adherence 

o The chosen actions for the error codes on the worklist  

o The chosen moment to execute Preventive Maintenance (PM) tasks 

• The provided information in the problem and solution description 

• The provided extra information regarding solving error codes. 

 

The sample of machines in the analysis consists of all VPi300 machines in National Service 

Organizations (NSOs) Germany the Netherlands, which are remotely connected and open for the 

FSTs to review in Océ Remote Service (ORS). All machines are remotely connected, but not all 

customers allow the data to be open for review. This reduced the total set of machines from 40 

to 30. The logbook data used is for the period June 1, 2018, up to and including May 31, 2019.  

Second, to describe the use of decision support and other information sources, a survey with the 

FSTs in both NSOs is conducted. The survey covers the following content: 

 

• Perceived use of DSS and execution of activities:  

o Execution and perceived importance of activities and support during the 

preparation of preventive and corrective service visits. 

o Execution and perceived importance of activities and support during preventive 

and corrective service visits. 

• Time allocation to preparation, Collect, Analyze, Repair and Evaluate for preventive and 

corrective service visits. 

• Effectiveness of service visit preparation 

 

In the survey, the FSTs are asked to indicate the relative execution and importance of service 

activities and support for Preventive Maintenance (PM) and Corrective Maintenance (CM) visits 

based on a 100-point scale. The question about the importance of activities and support is 

based on the combination of the first and eleventh TAM indicator for perceived usefulness from 

Davis (1989).  
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Only these two items are chosen to describe the importance, due to the great number of 

activities and support an FST can be used during service visits. Using more items would increase 

the length of the survey a lot. These survey results provide insight into differences regarding the 

use of decision support.  

 

The time allocation to the service preparation and steps of the CARE process (Collect, Analyze, 

Repair and Evaluate) process provides insight in the also help describing the service behavior of 

the FST and especially the preparation effort and fraction of time that is dedicated to each step 

of CARE.  

 

The items regarding the effectiveness of the service visit preparation are based on a 5-point 

Likert scale and indicate the certainty of FSTs about the problem and solution after the 

preparation.  

 

The sample size of this survey consists of FSTs, who are trained to service the VPi300, who works 

for NSO Germany or the Netherlands and who performed at least ten service visits and with a 

minimum of five CM visits and five PM visits for the period June 1, 2018 - May 31, 2019. The 

criteria filter out 18 FSTs out of 47 trained FSTs. Out of the remaining 29 FSTs who received the 

survey, 18 (62%) respondents completed the survey. The conducted survey was written in the 

native language of the FST and checked by Field Service Specialists (FSSs) on content and clarity. 

A translated version of the survey is provided in appendix R. 

 

The criteria regarding the minimum number of service visits over the period ensure that the 

participants have had the opportunity to work with the support tools and the performance of 

FSTs is not based on only one or two service visits. Lee et al. (2008) showed that decision-makers 

with more DSS expertise use the DSS more. We do not want the inexperience of FSTs to 

influence the data and therefore include FSTs with minimal user experience.  

 

We also tried to look into another type of logbooks that are created at the end of each service 

visit. These logbooks track the navigation of the FST through ADAM. Unfortunately, we could 

not use this information source due to two reasons: 

• The data is only collected for a few machines and part of the service visits, due to an 

update mistake. 

• FST can exit ADAM without saving the navigation through ADAM because the report 

about this navigation is only produced at the end of a service visit. 
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3333.3.2 .3.2 .3.2 .3.2         Service visit behavior resultsService visit behavior resultsService visit behavior resultsService visit behavior results    

The acquired data in 3.3.1 is used to describe the FSTs’ behavior and decisions, based on the 

activity execution and support usage, the time allocation, effectiveness of service visit 

preparation, solution design, Preventive Maintenance (PM) task execution and evaluation effort. 

The exact meaning of each factor is described in the remainder of this section. 

1. Use of DSS and execution of activities 

The execution of instructed activities during the service visit preparation is analyzed via the 

survey results. The questions about the execution of activities provide the opportunity to 

present the adherence and the deviation to the instructed procedure. Appendix S and T 

schematically present the procedure and the average execution scores for the service activities. 

As mentioned in the literature review in 1.3, the use of decision support is important, because 

previous studies show that it positively influences decision speed and decision quality.  

What we notice is that the FST rarely solely focus on PM or CM. For example, FST also reviews 

the occurred error codes while preparing for a PM visit and reviewing outstanding maintenance 

tasks while preparing for CM jobs. Another interesting finding is that some FST review a visual 

image of the problem during the preparation, while this is not supported by any system of Océ. 

Some of these FST indicates that they have direct contact with the customer operator via phone. 

The indications of the relative execution of single tasks and the indications of the importance of 

a single task from the survey are used to calculate behavior scores. These scores provide insight 

in the elaborateness of the problem definition, analysis and diagnosis, solution design, solution 

implementation and evaluation for both the preparation and the service visit itself for each FST. 

The following formula is developed for this calculation: 

���	��ℎ�	
��	����� = ∑ ���
	
��	������
���,� ∗ ���	
���������	�����
�
� !  (1)  

The Problem-solving cycle (PSC) behavior score for FST i  is the sum of the activity execution 

scores for activity j by FST i multiplied by the average importance score of activity j, where J is 

the set of all activities related to the PSC step. The perceived activity and support importance 

score are taken into account because the execution of activities might not have an equal effect 

on the service results. The combination of single tasks is based on the findings in sections 3.1 

and 3.2. 

  

The average calculated PSC behavior scores for each step for NSOs Germany the Netherlands 

are presented in tables 9 and 10 together with the maximum score for each stage. All FST’s can 

score a PSC behavior score between 0 and the maximum value, based on the execution 

indication they gave for the activities in the survey. The average scores show that for both types 

of service visits and each PSC step, the German FSTs score higher than the Dutch FSTs. 
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PSC preparation Preventive  Corrective  

Service preparation Germany  
(N=8) 

The 
Netherlands 
(N=10) 

Maximum 
value 

Germany  
(N=8) 

The 
Netherlands 
(N=10) 

Maximum 
value 

Problem definition 

score  

144.2 
(ơ =26.9) 

147.2 
(ơ =30.4) 

168.2 184.2 
(ơ =11.1) 

179.6 
(ơ =22.7) 

190.0 

Analysis and 

Diagnosis score 

357.9 
(ơ =33.2) 

327.6 
(ơ =40.4) 

418.0 319.1 
(ơ =64.9) 

 243.5 
(ơ =83.2) 

371.8 

Solution design and 

implementation 

score 

211.9 
(ơ =33.3) 

188.7 
(ơ =56.8) 

243.8 316.7 
(ơ =29.4) 

247.8 
(ơ =28.9) 

338.4 

Table 9 PSC behavior scores for service visit preparation (N=sample size) 

PSC visit Preventive visit  Corrective visit  

Service execution Germany  
(N =8) 

The 
Netherlands 
(N=10) 

Maximum 
value 

Germany  
(N=8) 

The 
Netherlands 
(N=10) 

Maximum 
value 

Problem definition 

score 

268,6  
(ơ =75,6) 

215,4 
 (ơ =109,1) 

345,1 367,5 
(ơ =38,6) 

338,6 
(ơ =39,1) 

418,7 

Analysis and 

Diagnosis score 

356,6  
(ơ =76,6) 

286,7 
(ơ =87,5) 

439,3 391,1 
(ơ =53,0) 

352,9 
(ơ =54,4) 

478,0 

Solution design and 

implementation 

score 

77,4 
(ơ =10,9) 

59,3 
(ơ =22,7) 

87,3 87,7 
(ơ =16,6) 

68,6 
(ơ =16,0) 

96,1 

Evaluation score 298,5  
(ơ =64,5) 

319,2 
(ơ =30,2) 

355,5 347,8 
(ơ =25,3) 

343,9 
(ơ =39,6) 

377,8 

Table 10: PSC behavior scores for service visit execution (N=sample size) 

2. Time allocation 

The time allocation of FSTs is described by analyzing the time indications from the surveys. The 

average time indications presented in table 11, show that the FSTs in Germany and the 

Netherlands differ in the time they spend preparing for a preventive service visit, which might be 

explained by the extra task of the German FST to trigger the service visit. Another explanation is 

that German FSTs think that a more elaborate preparation is required for good performance or 

the German FST makes less time-efficient use of the provided support.  

Another noticeable finding is the time indication to Collect and Analyze for PM visits. In theory, 

these steps can be skipped when the service visit is solely dedicated to PM. This might suggest 

that FSTs often try to fix extra problems. 
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Regarding the corrective service visits, we see similar behavior for German and Dutch FSTs. The 

comparison between the time allocation behavior of FST and the indicated target at Océ 

Headquarters (HQ) Venlo shows that the FST allocate less time to the analysis stage and more to 

the repair stage. Two possible causes for this difference are identified: 

• FST think that validating the causes for the problem is part of the Repair stage 

• FST fix problems more by trial and error than by first analyzing the problem in detail 

In case the second explanation is the reason for this difference, the MTTR can be reduced by 

improving the problem analysis effectiveness. 

 

Stage Preventive visit Corrective visit 

 Germany 
(8) 

The Netherlands 
(9) 

Germany 
(8) 

The Netherlands 
(9) 

Target 

Preparation 

time 

24 min 
(ơ =8.8) 

16 min 
(ơ =7.8) 

18 min 
(ơ =8.0) 

17 min 
(ơ =10.0) 

- 

Collect 

time 

17 min 
(ơ =8.8) 

16 min 
(ơ =12.4) 

16 min 
(ơ =6.2) 

16 min 
(ơ =8.2) 

15 min 

Analyze 

time 

19 min 
(ơ =9.0) 

19 min 
(ơ =10.4) 

36 min 
(ơ =34.9) 

41 min 
(ơ =27.1) 

120 min 

Repair time 244 min 
(ơ =106.9) 

203 min 
(ơ =136.5) 

150 min 
(ơ =75.2) 

165 min 
(ơ =91.4) 

90 min 

Evaluate 

time 

22 min 
(ơ =8.8) 

16 min 
(ơ =8.5) 

21 min 
(ơ =7.8) 

18 min 
(ơ =17.1) 

20 min 

Table 11: Average time allocations 

3. Service preparation effectiveness 

The service preparation effectiveness is evaluated by survey results regarding how certain an FST 

is about the problem and solution after the service visit preparation. The answers are given on a 

5-point Likert scale, which presents the likeliness that the scenario occurs. For example, a Likert 

indication of 5 for “No idea what the problem or solution is” means that the FST almost always 

does not have a clue before arriving at the customer, which means that the preparation is not 

very effective. The average results are provided in table 12. It seems that German FSTs are more 

certain about the problem and solution or have a better idea what the problem and solution 

might be, which might be explained by the higher average preparation score shown in table 9. 

Scenario Germany The Netherlands 

Problem can be solved by a screen call 2.6 2.5 

Problem and solution for the problem are exactly known 3.5 3.4 

Problem and solution direction is determined 3.8 3.7 

No idea what the problem or possible solution is 2.3 3.0 

A temporary fix can be implemented 3.0 3.0 
Table 12: Average preparation effectiveness 
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4. Suggestion adherence of error codes 

Suggestion adherence of error codes of FST is evaluated based on the following two factors: 

• Error completion%: The percentage of errors for which the FST indicates they performed 

resolution actions. 

• Error evaluation completion%: The percentage of errors for which the FST indicates they 

performed actions or that based on their evaluation that no resolution action is required. 

The results for the two factors are presented in table 13. It can be noticed that based on the 

column “Evaluated” that FSTs in Germany and the Netherlands tend to evaluate a similar fraction 

of the worklist. The Dutch FSTs tend to perform more often resolution actions on the error 

codes than German FSTs. Column eight shows the average number of errors on the worklist. 

 

NSO Error 

type 

Done Ignored Evaluated Postponed None Average 

Germany MRE 62.2% 11.0% 72.2% 12.5% 14.3% 1.1 

ORE 47.4% 15.3% 62.7% 19.5% 17.6% 2.7 

Warning 47.5% 13.7% 61.2% 17.2% 21.7% 2.9 

Total 49.9% 13.9% 63.8% 17.4% 18.9% 6.7 

The 

Netherlands 

MRE 65.5% 1.8% 67.3% 17.2% 15.4% 1.4 

ORE 60.5% 1.9% 62.4% 23.7% 13.9% 4.2 

Warning 59.3% 3.4% 62.7% 20.0% 17.2% 4.6 

Total 60.7% 2.6% 63.3% 21.2% 15.6% 10.2 
Table 13: Error-action overview 

5. Suggestion adherence of PM tasks 

As described in section 2.1., the FSTs in Germany are responsible for triggering the PM visits 

themselves, while for the Dutch FST this is not the case. In this section, we investigate what this 

difference means for the execution of maintenance tasks. The CBM tasks are not listed on the 

worklist, which means that we can only investigate the execution of UBM tasks. 

The execution of counter-based maintenance tasks is evaluated by the usage rate, the moment 

the maintenance task is executed. The execution of time-based maintenance tasks is evaluated 

by the number of days between the moment the task was first on put on the worklist and the 

moment the task was executed. Table 14 presents the average results for National Service 

Organizations (NSOs) Germany the Netherlands for each UBM task. What can be noticed is that 

especially for Quarterly maintenance, the maintenance tasks are executed sooner. This is not 

replicated for the other time-based maintenance tasks. The counter-based maintenance tasks 

are on average executed at 100% or sooner in both NSOs. 
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Maintenance task Germany The Netherlands 

Replace the degass pump ink 1.3 days 0.8 days 

Quarterly Maintenance 64.4 days 10.8 days 

Preventive maintenance on the Carel heatersteam 1.0 days 6.2 days 

Clean the PIM conditioning bottle (with new air 

stone) 

0.6 days 2.2 days 

20 million 99.9% 100.2% 

40 million 95.6% 93.8% 
Table 14: PM task execution 

6. Evaluation effort 

At the end of the service visit, FSTs can communicate what solution they implemented and other 

information they think is valuable for the next service visits. This information can be either 

provided in the problem description, the solution description or for each item in the worklist.  

First, the extensiveness of free text sections is analyzed by the average amount of letters and 

numbers(signs) used for the description and table 15 presents the average results for the NSOs. 

We notice that the Dutch FSTs use more signs to describe the implemented solution. 

 Germany The Netherlands 

Free text “Problem description” 38,5 signs (ơ =7,8) 32,2 signs (ơ =7,8) 

Free text “Solution description” 55,1 signs (ơ =7,8) 105,1 signs (ơ =7,8) 

Free text total 93,6 signs (ơ =7,8) 137,3 signs (ơ =7,8) 
Table 15: Average extensiveness of problem and solution description 

The FSTs can also communicate the performed action or other valuable information for a 

specific error code. Table 16 presents the results of this analysis. Here, we see that the free-text 

sections for the error codes are rarely filled in without service actions performed. Another 

observation is that the German FSTs fill in these free text fields more often than the Dutch FSTs. 

Action Germany The Netherlands 

 Error codes with 
free text 

%Total error 
codes 

Error codes with 
free text 

%Total error 
codes 

Done 1111 74,8% 598 16,6% 

Postponed 10 2,4% 10 6,5% 

Ignored 0 0,0% 3 0,2% 

Total 1121 37,2% 611 10,3% 
Table 16: Error codes with filled in free text section 
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3.4 3.4 3.4 3.4         ConclusionConclusionConclusionConclusion    
In this chapter, we linked the decision overview defined in chapter 1 to the service process steps 

found in chapter 2. The three identified problem situations can be linked to the decision orders 

defined by Scherpereel (2006):  

• Preventive Maintenance (PM) tasks-first order problems: The solution to the problem is 

deterministic and described in a step-by-step process.  

• Error code problems-second order problems: The occurrence of error codes is an 

objective trigger for the visit. The support suggests methods to test the identified set of 

possible causes and provides possible solutions that can be implemented. Solving these 

problems is about estimating the probability a solution will solve the problem or not.  

• Print quality problems-third order problems: The problem occurrence is subjective and 

diagnosing the problem is complex. 

The results pointed out that PM visits are rarely only dedicated to PM because FSTs often try to 

solve extra problems identified by the customer. Regarding the time allocation for CM visits, we 

found that FSTs allocate less time to analyzing the problem and more time to repairing the 

problem than is expected at Océ HQ. This could suggest that FSTs use the trial-and-error 

strategy for fixing the problem during CM visits. The results further show that PM task quarterly 

maintenance is postponed more by German FSTs than the Dutch FSTs, an explanation for this 

difference is that German FSTs have to trigger a PM visit themselves and the Dutch FSTs do not 

have this responsibility.  
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CCCChapter hapter hapter hapter 4 4 4 4     Performance Performance Performance Performance MeasurementMeasurementMeasurementMeasurement    of FSTsof FSTsof FSTsof FSTs    
To achieve maintenance goals maintenance managers need to keep track of maintenance 

processes and maintenance results. This can be realized by developing and implementing the 

correct performance measurement framework and indicators. In this chapter, we design a 

Productivity Management and Enhancement System (ProMES) for Océ. The design or 

development of a ProMES consists of four steps (Kleingeld, 1994): 

1. Identify the organizational goals  

2. Develop indicators to measure these products 

3. Establish contingencies 

4. Create a formal feedback report 

 

Validation of the designed ProMES is not a formal component of the procedure. Rafikul and 

Shuib (2006) claimed that for a valid performance measurement system, employee acceptance 

of the system is of key importance. With employee participation, a reliable, valid, fair and useful 

performance evaluation method can be established. Therefore, we use design teams partly 

consisting of FSTs to establish a valid ProMES and check the result based on performance data. 

The specific methods that are used to perform each step are further discussed in the remainder 

of this chapter. In section 4.1 the organizational goals are discussed. In section 4.2 we continue 

with the identification of objective Performance Indicators (PIs) for the objectives. Then, in 

section 4.3 we establish contingencies and in section 4.4, we create the feedback reports. Finally, 

we sum up the key findings in the conclusion in section 4.5. 

4444.1 .1 .1 .1         Organizational goalsOrganizational goalsOrganizational goalsOrganizational goals    
In a ProMES, organizational goals are called products. Kleingeld (1994) suggests that for design 

teams that do not often meet the Delphi method is a useful and appropriate method to gather 

the products. This technique uses expert knowledge and asks multiple experts to comment 

based on their personal opinion in multiple rounds of questioning. After each round, the experts 

are provided with the overall results, before the second round starts.  

Ten service experts at Océ Headquarters (HQ) Venlo are selected for gathering the products. 

Instead of using questionnaires, open-ended interviews are chosen, because it allows the 

experts to elaborate more on their opinion. During the interviews, all the mentioned products 

are listed. After the interviews, the results are aggregated and the amount of times each product 

is mentioned calculated. The objectives are selected for the ProMES if they are mentioned by at 

least five out of ten service experts.  
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After two rounds of questioning the following set of products were identified and the number of 

times the goals were mentioned by the ten service experts is provided in the brackets: 

• Low cost (10) 

• High System performance (8) 

• High Customer satisfaction (8) 

• High Service performance (8) 

4444.2.2.2.2            Performance indicators Performance indicators Performance indicators Performance indicators     
After the organizational objectives and products are identified, the second step is to define 

Performance Indicators (PIs), which can measure these products. The goal of this section is to 

gather a large subset of PIs related to the defined organizational service goals and determine 

the most relevant and usable PIs for Océ. Our goal is achieved by first investigating the PIs 

defined in the literature and at Océ, respectively 4.2.1 and 4.2.2. Second, the found PIs are 

evaluated based on relevance for the defined products and general criteria regarding objective 

PIs in 4.2.3. 

4444.2.1 .2.1 .2.1 .2.1         LLLLiteiteiteiteratureratureraturerature    

In literature, there are multiple measures defined to evaluate maintenance performance. We 

would like to define PIs which are related to the FSTs’ work situation. Therefore we search in 

literature PIs that are related to the operational organization level. We further also search in 

literature for the defined PIs that are related to the defined products in 4.1. Therefore we look 

into maintenance cost, process, and outcome-related PIs. We start by discussing the operational 

PIs and afterward discuss the cost, process, and outcome-based PIs. 

1. Strategic, tactical and operational performance indicators 

Parida et al. (2005) derived a multi-criteria maintenance performance measurement model. This 

model contains 26 PIs which are divided into 7 categories: Equipment and Process, Cost-related, 

Maintenance task-related, Innovation, Customer satisfaction, Health and Safety, and Employee 

satisfaction. Appendix U contains all the 26 PIs within their category together with a brief 

description and PIs in each hierarchical level.  

2. LCC analysis 

One of the most general methods to evaluate the maintenance is via the cost. The life cycle cost 

(LCC) analysis and total cost of ownership (TCO) analysis are examples of these cost-based 

evaluation methods. In their review about LCC analysis, Asied and Gu (1998) divided the life 

cycle of a product over the three phases: acquisition phase, the utilization phase, and the 

recycling phase, where the maintenance cost belongs in their review to the utilization phase.  
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3. Process and outcome performance indicators 

In literature, a distinction is made between PIs that focus on the process and PIs that focus on 

the result or outcome. Bess et al. (2004) define outcome-based evaluation as evaluation-based 

on comparing the identified outcome or lagging indicators with the measured results of the 

process. Process-based evaluation or leading indicators is focused on identifying the procedures 

and decisions that show how and why a system or person operates the way it does. Pojasek 

(2009) describes these as PIs that provide the user information to take action to achieve the 

desired outcome or avoid failure.  

Muchiri et al. (2011) developed a framework for maintenance performance evaluation based on 

the leading and lagging indicators. This proposed maintenance function performance 

measurement framework is provided in appendix V. The leading PIs are categorized over the 

four identified process steps: “Work identification”, “Work planning”, “Work scheduling” and 

“Work execution”. The lagging PIs are roughly divided over equipment and cost performance. 

The equipment PIs focus on the availability and reliability of the system and the cost PIs evaluate 

if the equipment performance is achieved cost-efficient. The complete overview of the identified 

leading and lagging PIs is provided in appendix V. 

4. Conclusion 

Based on the aggregation of the operational, cost, process and outcome-based PIs an overview 

of maintenance-related PIs has been identified. After this aggregation, the duplicate indicators 

are removed, which resulted in the 49 indicators listed in appendix W.  

4444.2.2.2.2.2.2.2.2            OcéOcéOcéOcé    

The PIs used at Océ can vary between different National Service Organizations (NSOs), because 

the performance evaluation method is chosen by the NSOs themselves. What we see for the 

NSOs, is that they use the same four PIs shown in table 17. In NSO the Netherlands, this set is 

extended with some extra PIs, which review the FST performance based on their behavior 

instead of only on their results. Appendix X presents the list of PIs and in which NSO they are 

used. 

Indicator Description DE NL 

MCBF Mean Clicks Between Failure: Average amount of prints 
between Corrective Maintenance (CM) visits 

X X 

MTTR Mean Time To Repair: Mean time required for the CM 
visit execution 

X X 

2nd visit rate The 2nd visit rate shows in how many percent of the 
cases, the same or another FST has to go back to finish 
the job. 

X X 

Parts usage The amount of money spend on parts during CM jobs X X 
Table 17: PIs used in both NSOs 
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4444.2..2..2..2.3333            ConclusiConclusiConclusiConclusionononon    

The goal of section 4.2 is to acquire a set of objective PIs, which is used for the ProMES 

performance calculation. In this section, we filter the complete set of identified PIs from 

literature and current practices at Océ.  

The filter process is based on the following criteria and figure 10 provides a schematic overview 

of the filter process and the amount of PIs filtered out in each step: 

• The PI needs to be applicable to the organizational situation 

o PIs related to production rate or cost are removed because Océ does to produce. 

o PIs related to subcontractors are removed because subcontractors are not used 

for service on the VPi300. 

o PIs related to purchasing costs are removed, service is not responsible for the 

purchasing price of the machine. 

• The PI needs to meet the criteria for objective performance measures identified by 

Kueng (2000) 

o Quantifiability: Is the indicator quantitative or can it be quantified?  

• Validated by literature and interviews 

• PIs that cannot be measured are removed 

o Reliability: Is the performance evaluation based on objective measurements? 

� Validated by input data 

� PIs, which are influenced by a person’s opinion are removed 

• Kleingeld (1994) criteria for ProMES indicators: 

o The PIs should be valid/ measured PI should represent a product 

� Verified by literature and interviews  

� PIs not representing an identified product are removed 

o The PIs should be controllable/ can be influenced by the FST 

� Verified by SAP data and process analysis 

� PIs influenced by other uncontrollable factors are removed  

o Data on the PI should be cost-efficient to collect 

� PIs that cannot be calculated with current data collection are 

removed 

o The PIs should be understandable 

� Verified by interviews  

� PIs that are not understandable are removed 

o The PIs do not overlap very much 

� Verified by literature 

� For overlapping PIs one is chosen 
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Figure 10: Filter process of PIs 

Table 18 presents the resulting set of PI criteria and appendix Y provides the exact definition of 

the PIs and how these indicators are calculated. In table 18 we also indicate for which service 

visit the PI is applicable and to team (T) or individual (I) performance. 

Category PI Definition PM CM 

   I T I T 

Service 

execution 

MTTR  Average duration of CM jobs   X  

PM 
efficiency  

Time used for PM tasks / Time planned for PM 
tasks 

X    

2nd visit 
rate 

Number of returning visits / Total number of 
visits 

  X  

PM ratio Number of PM visits/Total number of visits  X   

System 

performance 

Uptime 1- (CM hours + PM hours) / contracted service 
hours 

 X  X 

MCBF Average amount of prints between CM visits  X  X 

Cost Average 
total cost  

Average maintenance cost  X  X 

Parts 
Usage 

The amount of money spent on parts during 
CM jobs 

  X  

Table 18: Final set of PIs used for ProMES 
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One of the criteria in the filter process is the independence of influencing factors. Via interviews 

with Field Service Specialists (FSSs), FSTs and service managers at Océ HQ we found six possible 

influencing factors. These are checked by looking at the definition from literature and analyzing 

the machine performance. Table 19 provides the factors, how the influence is validated and the 

neutralizing action that is taken to remove the influence. 

Factor Validation Action 

Visit type Definitions from literature show 
that only CM or PM visits are 
applicable for calculation 

Separate the corrective and preventive 
service visits for the evaluation 

Production 

rate 

Previous research at Océ shows 
that some machine PIs depend on 
the production volume 

Multiply by (machine production volume 
/average production volume) 

Customer 

expectations 

Cannot be validated, due to 
limited collected information 
about the customers and 
confidentiality issues 

Assumed to be zero 
 

Customer 

pressure 

Other 

service visits 

Check of machine performance 
data and interviews with FSTs 

Calculate the contribution ratio per FST 
and apply it to calculate the performance 

Planner Control over the result lies at the 
planner 

Removal from set 

Table 19: Actions to neutralize influencing factors 

Kleingeld (1994) suggests that when the ProMES is designed to evaluate individual performance, 

the measurement level of the PIs should also be at the individual level if possible. During the 

validation, we found that there are some PIs that are the result of team effort instead of 

individual performance. The machine Uptime, MCBF, PM ratio, and average maintenance cost 

are found to be hard to relate to individuals for the following reasons: 

• Uptime: Carrying out only part of the maintenance could improve the uptime for the 

individual FST, but have a negative influence on the overall machine performance 

• MCBF: Not possible to calculate the number of clicks between the Corrective 

Maintenance (CM) visits for this PI because CM visits followed by a PM visit show an 

average MCBF value that is 2.4 times as high as the general average. The effort of FSTs 

performing the PM visits is also not taken into account. 

• PM ratio: The PM ratio is based on a period of time in which multiple FSTs services the 

machine 

• Average maintenance cost: Carrying out only part of the part replacements would 

improve the average maintenance cost score for individuals but can harm the overall 

machine performance 
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Due to reliability issues in the data regarding “PM efficiency” and “Uptime”, we decided to 

remove these PIs from the set. The reason for the removal of these indicators is: 

• PM efficiency: FST report the hours they spend for a job solely to PM or CM, while they 

perform both types of maintenance tasks during the service visit.  

• Uptime: the contracted service hours are required to calculate the uptime of a machine, 

but this information is not stored in SAP. Other methods to calculate the uptime of the 

machines failed to provide reliable uptime results. 

Pritchard (1990) defined the acceptance of the PIs by management and personnel as a key pre-

condition. Therefore, the resulting PIs are evaluated by the FST and FSS in the NSOs via the 

surveys. The acceptance of the PIs by FST and FSS is evaluated via survey results in which the 

participants are asked to indicate the applicability of PI based on a 1-5 point scale, where 1 

means not at all applicable to them and 5 completely applicable. The PIs for which the average 

indicated score is lower than 3, are removed from the set. Table 20 provides the average survey 

results. No PI needed to be removed from the set. 

PI Average survey score 

MTTR 3.1 

2nd visit rate 3.6 

PM ratio 3.5 

MCBF 3.9 

Average total cost 3.9 

Parts Usage 3.9 
Table 20: Average approval score of performance indicators 

4444.3.3.3.3            ContingenciesContingenciesContingenciesContingencies    
After the performance criteria for FST are defined, the next step is to define what the values for 

the performance indicators mean in comparison to overall effectiveness. Kleingeld (1994) 

defined three steps for establishing contingencies: 

1. Establishing the maximum, minimum and neutral indicator values 

2. Establishing maximum and minimum effectiveness scores 

3. Drawing the complete contingency 

Even though the PIs PM efficiency and uptime are removed from the PI set, the contingencies 

are still established for these PIs. This allows Océ to introduce these PIs in the ProMES when the 

reliability or availability of the data increases in the future. 
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Normally, the contingencies are formulated in cooperation with one design team, but we split 

this process over two teams due to the field of expertise. The first team consists of two FSS and 

two FST, which is more specialized in determining the operational level performance for their 

NSOs. The second team consists of eight service product specialists at Océ HQ Venlo, which is 

more qualified to indicate the relative importance of PIs for achieving the organizational-wide 

service goals of Océ.  

The first team performs steps 1 and 3 and the second team performs step 2. In the remainder of 

this section, we discuss each step for establishing contingencies separately. Step one is 

discussed in section 4.3.1, step two in section 4.3.2 and step 3 in section 4.3.3.  

4444.3.1 .3.1 .3.1 .3.1         Maximum, minimum and neutral PI values at OcéMaximum, minimum and neutral PI values at OcéMaximum, minimum and neutral PI values at OcéMaximum, minimum and neutral PI values at Océ    

The establishment of maximum, minimum and neutral indicator values is achieved by using the 

Delphi technique. This technique is chosen because the team members rarely meet in one 

location. The members of the first team are separately asked about the maximum, neutral and 

minimum indicator values, where the neutral indicator value corresponds to an effectiveness 

score zero.  

In the first round of the Delphi method, the design team members were asked this question via 

a questionnaire and in the subsequent round, they were interviewed over the phone. After the 

interviews, the indications were averaged. Table 21 provides the resulting maximum, minimum 

and neutral effectiveness indicator values. The calculation of the PIs can be found in appendix Y. 

PI Minimum 

effectiveness 

Neutral 

effectiveness 

Maximum 

effectiveness 

MTTR  2X hours X hours 0.6 X hours 

PM efficiency  165% 100% 50% 

2nd visit rate 100% X % 0% 

PM ratio 62.5% 141% 250% 

Uptime XX% XX% XX% 

MCBF 10% 103% 205% 

Average total cost  €1.75X €X €0.5X 

Parts Usage €3X €X €0.2X 
Table 21: Minimum, neutral and maximum PI effectiveness values found by two rounds of interviews 
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4444.3.2 .3.2 .3.2 .3.2         PI weight scores at OcéPI weight scores at OcéPI weight scores at OcéPI weight scores at Océ    

The maximum and minimum effectiveness scores are established by consulting the second 

design team. In a questionnaire, eight specialists are separately asked to indicate the relative 

effect of the PIs on the overall service effectiveness and table 22 provides the results. The PI 

weight score is calculated for the following four scenarios: 

• Scenario 1: Neither Uptime or PM efficiency is included  

• Scenario 2: Only Uptime is included  

• Scenario 3: Only PM efficiency is included  

• Scenario 4: Both Uptime and PM efficiency is included  

PI Situation 1 Situation 2 Situation 3 Situation 4 

MTTR  0.158 0.136 0.138 0.12 

PM efficiency  0 0 0.128 0.112 

2nd visit rate 0.174 0.149 0.152 0.133 

PM ratio 0.158 0.136 0.138 0.12 

Uptime 0 0.14 0 0.124 

MCBF 0.176 0.152 0.154 0.135 

Average total cost  0.19 0.163 0.166 0.145 

Parts Usage 0.144 0.124 0.126 0.11 
Table 22: PI weight factors based on questionnaire data 

Due to the different scenarios, we are not able to indicate only one minimum or maximum 

effectiveness for each PI. Therefore, we decide to multiply the effectiveness scores by the weight 

factor to achieve the relative effectiveness scores. Each minimum indicator value in the previous 

section is equal to effectiveness score -100, each neutral indicator value to effectiveness score 0 

and maximum indicator value to effectiveness score +100.  

4444.3.3 .3.3 .3.3 .3.3         Final cFinal cFinal cFinal contingenciesontingenciesontingenciesontingencies    at Océat Océat Océat Océ    

For the last step of this process, the first design team is again consulted. As mentioned in 4.3.2 

the effectiveness scores for each PI can range between -100 and +100, where -100 is the worst 

performance and +100 the best performance. After the members of the design team review the 

results of the previous two steps they are asked to fill in the PI values corresponding to 

effectiveness scores -75, -50, -25, +25, +50 and +75 for each PI.  This step enables the team 

members to indicate non-linear relationships between the PI value and the corresponding 

effectiveness score for that PI. This results in the contingency lines depicted in appendix Z. 

  



47 
 

4444.4 .4 .4 .4         Evaluation reEvaluation reEvaluation reEvaluation reportsportsportsports    and performance at and performance at and performance at and performance at OcéOcéOcéOcé    
The last step in developing the ProMES system is about creating feedback reports. Kleingeld 

(1994) suggests that an effective report should contain the following information: 

• List of products/objectives 

• List of performance indicators 

• The period on which this performance evaluation is based. 

• The effectiveness score for each performance indicator and overall effectiveness score 

• The overall effectiveness score 

The resulting performance evaluation form for a random FST is depicted in figure 11.  

 

Figure 11: Feedback report ProMES 
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4.5 4.5 4.5 4.5         ConclusionConclusionConclusionConclusion    
In this chapter, we designed a Productivity Measurement and Enhancement System (ProMES) 

applied for individual FSTs working for National Service Organizations (NSOs) Germany and the 

Netherlands on the VPi300. FST and FSS participation was used in the design process to validate 

the results of the design steps. We found that low cost, high machine performance, high 

customer satisfaction, and high service performance are the most important objectives for Océ.  

To represent the performance on these objectives we identified eight relevant PIs based on 

literature studies and current evaluation practices. Four of the identified PIs are more related to 

team performance and measuring these PIs on the individual level showed to give unreliable 

result. To individualize the PIs we calculated for each FST the contribution factor to machine 

performance. The contribution factor is based on the number of service visits and applied to the 

MCBF, Uptime, PM ratio and Average maintenance costs. The other four PIs are directly related 

to individual performance: MTTR, 2nd visit rate, parts usage, and PM efficiency. The exact 

formulas for the calculation are given in appendix Y. We were not able to define objective PIs 

regarding customer satisfaction, which means that the ProMES does not take into account all 

defined core objectives. PM efficiency and Uptime were removed from the PI set due to the 

reliability issues of the data. 

We established contingency graphs for all eight PIs, which indicate the effectiveness level of an 

indicator value. We found that the importance of the PIs is rated in the following order with the 

weight score in brackets: Average maintenance cost (0.19), MCBF (0.176), 2nd visit rate(0,174), 

MTTR and PM ratio (0.158) and the Parts usage (0.144). 

The eleven Dutch FSTs score an average effectiveness of 11.8 and the eighteen German FSTs an 

average of 6.2. For the performance evaluation, one machine is removed from the set, because 

the machine is new since January 2019 and influencing factors such as the operator skills might 

have a big influence on the system’s performance.  

 

  



49 
 

Chapter Chapter Chapter Chapter 5555        FST behavior driving performanceFST behavior driving performanceFST behavior driving performanceFST behavior driving performance    
The goal of this chapter is to investigate what behavior drives FST and system performance.  For 

the analysis, the acquired data and results from chapters 3 and 4 are used. In the remainder of 

this chapter, we develop a few hypotheses and provide the results in respectively 5.1 and 5.2. 

5555.1 .1 .1 .1         MethodMethodMethodMethod    
To explore the relationship between the use of the DSS and the performance scores found in 

chapter 4.4 we use the designed behavior and decision measures in chapter 3. The identified 

behavior measures are: 

• Use of DSS and execution of activities 

o Activity execution score, a score that indicates the use of support or information 

and execution of activities during Preventive Maintenance (PM) and Corrective 

Maintenance (CM) visits 

o Problem-solving cycle (PSC) behavior scores, combined score of all activities 

related to a PSC step 

• Time allocation, the indicated time allocated to the preparation, Collect, Analyze, Repair 

and Evaluate step for PM and CM service visits 

• Service preparation effectiveness, the indicated decision certainty of FSTs after the 

preparation process 

• The DSS suggestion adherence 

o The chosen actions for the error codes on the worklist 

o The chosen moment to execute PM tasks 

• Evaluation effort 

o The extensiveness of information provided in the problem and solution 

description, based on the amount of signs 

o The extensiveness of extra information provided regarding solved error codes, 

based on the relative amount error codes provided with extra information 

 

More detailed information about the data acquisition is provided in section 3.3. The relevant 

performance indicators (PIs) used to indicate the performance are defined in chapter 4.2, which 

are: Average cost, Parts usage, MCBF, PM ratio, MTTR, and second visit rate. Appendix Y 

provides the definition of the PIs.  
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Based on the literature we would like to mention some results we expect to find. Suri and 

Whitney (1984) investigated the additional value of DSS in short-term decision making such as 

system monitoring and reacting to failures. The identified additional value of DSS is the reduced 

probability of manual data collection errors, due to automatic data collection, the reduced 

amount of unscheduled downs by monitoring the state of the machine and predicting the effect 

of performing or not performing maintenance. 

The support tools at Océ help with the automatic data collection and monitoring the state of the 

machine. Predicting the effect of performing and not performing maintenance is not 

incorporated in the system. 

When the state of the machine is monitored, the suggestions regarding near system failure need 

to be evaluated by the decision-maker. In such cases, the decision-maker can choose to adhere 

to the suggestion or recommendation or ignore it. Various studies have investigated the effect 

of recommendation adherence and performance in health care.  Health care is in essence similar 

to maintenance because the goal in both sectors is to transform the state of the object from bad 

to good. Kravitz et al. (1993) found that recalling and adhering to medical recommendations 

was correlated with better disease control and the medical condition of patients. Garg et al. 

(2005) found evidence that the use of computerized DSS improves the performance of medical 

practitioners. Dey (2004) investigated the effect of using a DSS in pipeline health monitoring and 

found that the DSS helps to optimize the cost of operations by reducing the subjectivity in the 

inspection process and providing recommendations to what segment to focus on during the 

maintenance. Based on the literature we define the following two hypotheses: 

Hypothesis 1: The use of the support and information from the DSS will have a positive 

relationship with the service performance of FSTs.  

 

Hypothesis 2: The adherence to the suggestions of the DSS will have a positive relationship with 

the service performance of FSTs.  

 

Viveros et al. (2013) and Maghbooli et al. (2013) found that identifying failure causes is 

important for efficiently implementing recovery solutions.  

 

Hypothesis 3: Allocating more time, executing more activities and using more features related to 

analyzing the problem has a positive impact on the FSTs performance. 

 

Zizlsperger et al. (2012) found that decision certainty correlates with choice accuracy and 

reaction times. Based on these findings in the literature we expect:  
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Hypothesis 4: More certainty about the problem and solution for the problem after the service 

visit preparation has a positive relationship with the performance of FSTs. 

 

The logbooks are not based on machine data, which can influence the quality of the logbooks. 

Raghoebar-Krieger et al. (2001) defined two quality determinants for logbooks: the reliability of 

the logbooks and the completeness of the logbooks. The results showed that the reliability of 

the logbook data was very high because not many false identifications were given. The 

completeness of the logbooks was very poor because not everything was recorded. The survey 

results showed that “Reviewing the logbooks” during the service visits received an average 

importance score of 75.4 out of 100. Because of the high importance score, we expect that the 

completeness quality of these logbooks is an important determinant of the performance of FSTs. 

 

Hypothesis 5: More elaborate descriptions about the service visits are associated with higher 

FSTs’ performance for machine-related performance indicators. 

 

We use Spearman’s rank correlation test to find relations between the decision behavior of FSTs 

and individual performance. The significance level is set at 0.05. We validate the results of the 

Spearman’s rank correlation test with Pearson’s r correlation test if the normality assumption of 

the data is met. Shapiro-Wilk’s test for checking normality shows that the data is often not 

normally distributed, which means that the validation by Pearson’s r correlation cannot be used 

in many cases. We interpret the effect size of the monotonic relationships as shown in table 23. 

For each correlation, we communicate the sample size (N), the effect size (ρ) and the p-value. 

Effect size Strength 

0.0 - ± 0.19 Very weak 
± 0.20 - ± 0.39 Weak 
± 0.40 - ± 0.59 Moderate 
± 0.60 - ± 0.79 Strong 
± 0.80 - ± 1.0 Very strong 

Table 23: Effect size interpretation 

5555.2 .2 .2 .2         ResultsResultsResultsResults    
In this section, the results of the correlation analysis are presented and discussed. In section 

5.2.1 we discuss the results regarding hypothesis 1. The relationship between the use of DSS and 

performance is discussed in section 5.2.1. In section 5.2.2 we discuss the results regarding 

hypothesis 2, about the relationship between adherence to the DSS recommendations and 

performance. The results regarding hypothesis 3 are discussed in both sections 5.2.1 and 5.2.3. 

In section 5.2.1 we look in particular for the execution of analyzing activities and the relation to 

performance and in section 5.2.3 we investigate the allocated time for analyzing the problem in 

relation to performance. The results regarding hypothesis 4 are provided in section 5.2.4. Finally, 

in section 5.2.5 we provide the results for hypothesis 5.  
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5555.2.1.2.1.2.1.2.1            Use of Use of Use of Use of the the the the DSS and execution of activitiesDSS and execution of activitiesDSS and execution of activitiesDSS and execution of activities    

In this section, we investigate the relationship between the execution of single activities and 

performance and what steps of the Problem-solving cycle (PSC) drive performance for both 

types of service visits. Based on the results we accept or reject hypotheses 1 and 3. Appendix AA 

provides the full correlation overview regarding the execution of activities and PSC behavior 

scores for Preventive Maintenance (PM) and Corrective Maintenance (CM) visits. 

• Service visit preparation activities 

To research the association between the use of the DSS and execution of activities during the 

service visit preparation with performance, table 24 provides the complete overview of 

significant correlations found. We discuss the key findings and some other interesting findings 

out of table 24. 

Visit Activity Average cost Parts usage PM ratio MTTR Overall 

PM Define the solution     0.561 
p=.015 

CM ORS- Review PM tasks  0.532 P=.023    

ORS- Review error 
overview  

   0.584 
P=.011 

 

TSM- Review parts 
required for PM 

 0.490 
P=.039 

   

TSM- Review instructions    0.543 
P=.020 

 

Review visual image  0.503 P=.033    

Temporary fixes via phone -0.737 P=.0005  -0.764 
P=.0002 

 -0.563 
P=.015 

Check part availability   0.549 P=.018    

Analysis and diagnosis 

score 

 0.626 
P=.005 

   

Implementation of 

solution score 

-0.661 
P=.003 

0.629 
P=.005 

-0.744 
P=.0004 

  

Table 24: Correlation overview for service preparation activities 

Key findings 

The results show that preparing the CM visits with Océ Remote Service (ORS) support is 

important. Reviewing the suggested relevant error codes before arriving at the customer shows 

to save the FSTs during the service visit, because of the moderate positive correlation with the 

MTTR effectiveness (N=18, ρ=0.584, p-value=0.011). An explanation for this finding is that ORS 

enables the FSTs to analyze the problem during the preparation which saves them analyzing 

time and waiting time for parts during the service visit. The PM tasks in ORS are also important 

to review because they reduce the overall cost of parts used. The correlation test shows a 

moderate positive effect on the parts usage effectiveness (N=18, ρ=0.532, p-value=0.023).  



53 
 

An explanation for this finding is that noticing that some parts need to be replaced during the 

scheduled PM visit, prevents unnecessary part replacement. In these situations, FSTs can try to 

fix the problem without replacing the part, such that the machine is operational until the 

scheduled PM visit. Based on these findings we can accept hypothesis 1 for the use of ORS. 

The Technical Service Manual (TSM) is also an important support tool for FSTs service 

preparation. The availability and review of the TSM instructions during the CM visit preparation 

shows to have a moderate positive correlation with the MTTR performance score(N=18, 

ρ=0.543, p-value =0.020). Here, we can also accept hypothesis 1 for the use of TSM during the 

visit preparation. 

Next, we take a look at the PSC behavior scores. Based on the literature the stated hypothesis 3, 

we expected to see positive correlations between the execution of analysis activities and the 

performance of FSTs. Evidence is provided that confirms the expectations. For the execution of 

analysis activities during the service visit preparation, we found a strong positive correlation with 

the part usage effectiveness (N=18, ρ=0.626, p-value=0.005).  

Other findings 

Currently, the FSTs miss the opportunity to inspect a visual image of a problem during the 

preparation, while the results show that it is important for the performance of FSTs to have this 

feature available. Asking the customer for visual images of the problem show to have a 

moderate positive correlation with the parts usage effectiveness (N=18, ρ=0.503, p-

value=0.033). It seems that the visual image helps to check if the perceived problem by the 

customer is correct. 

Implementing temporary fixes over the phone harms the overall performance of FSTs. 

Temporary fixes are solutions implemented by operators and instructed by FSTs, which help to 

keep the printer operational during the travel time of the FST to the customer. Evidence shows a 

moderate negative correlation between the implementation of temporary fixes and the overall 

performance of FSTs. The results further show strong negative correlations between the 

implementation of temporary fixes and the average maintenance cost (N=18, ρ=-0.737, p-value 

=0.0005) and PM ratio (N=18, ρ=-0.764, p-value =0.0002). Explanations for the findings can be 

that operators are not skilled enough to implement the temporary fixes correctly or it causes 

further damage to the machine. 

The bad influence of implementing temporary fixes shows to be an explanation for negative 

correlations between the PSC behavior score for implementing the solution and the average 

cost and PM ratio performance because the correlations are not found after removing the 

activity from the set. 
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• Problem definition activities 

To investigate the correlation between the use of the DSS and execution of activities during the 

problem definition stage and performance, we provide the correlation overview with single 

Performance Indicators (PIs) and overall performance in table 25. We discuss the key findings 

and some other interesting findings out of table 25. 

Visit Activity Parts 

usage 

MCBF PM 

ratio 

MTTR 2nd visit 

rate 

Overall 

PM Interview the customer   -0.492 
p=.038 

    

PRISMAsync - Verify mediatype  -0.492 
p=.038 

    

Check customer story      0.469 
p=.049 

Problem definition score      0.491 
p=.038 

CM Interview the customer     0.512 
P=.030 

 

PRISMAsync -Verify mediatype 0.493 
P=.038 

-0.521 
P=.027 

-0.537 
P=.022 

   

Check customer story     0.610 
P=.007 

 

PRISMAsync Reproduce the 
problem 

0.649 
P=.004 

  0.603 
P=.008 

0.518 
P=.028 

 

Problem definition score  -0.625 
P=.006 

    

Table 25: Correlation overview problem definition activities 

Key findings 

Reproduction of the problem is an activity related to verifying the perceived problems by 

customers. Here, the FSTs try to do the same as the customers to see the problem occur and 

look for possible causes. Implementing this step via PRISMAsync during CM visits shows to be 

important for the performance of FSTs. Performing this step shows positive correlations with 

Parts usage (N=18, ρ=0.649 , p-value =0.004), MTTR (N=18, ρ=0.603 , p-value=0.008) and 2nd 

visit rate (N=18, ρ=0.518 , p-value =0.028. The other feature of PRISMAsync is to support 

verifying the media type. We could not find evidence that this support is positively associated 

with performance. These results show that we can accept hypothesis 1 for the feature to 

reproduce the problem and reject hypothesis 1 for the feature to verify the media type. 
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Other findings 

Verifying the perceived problems by the customer is an important activity for service visits. 

Regarding PM visits, evidence shows that checking the customer story is positively correlated 

with the FSTs’ overall performance (N=18, ρ=0.469, p=0.049). Regarding the CM visits, the 

results show a strong positive correlation between checking the customer story and the 2nd visit 

rate effectiveness. The positive correlation suggests that perceived problems by customers are 

not always the actual problems or problems at all. By validating the perceived problem an FST 

could be able to save both time and money. 

Adherence to the instructions regarding the problem definition process is important for PM 

visits. The results showed that a higher PSC behavior score for problem definition shows a 

moderate positive correlation with the overall effectiveness score (N=18, ρ=0.491, p-value 

=0.038). Adherence to the instructed activities for CM visits does not replicate this finding and 

expectation. It even shows worse performance on the MCBF effectiveness (N=18, ρ=-0.625, 

p=0.006). Pearson’s r correlation test validated this negative correlation (N=18, r=-0.603, 

p=0.008). 

• Analysis and diagnosis activities 

The correlation results in table 26 are used to find associations between the activity execution 

and performance.  

Visit Activity Parts usage MCBF MTTR 2nd visit rate Overall 

PM ADAM- Review error 
overview  

    0.486 
p=.041 

DF- Use DF   -0.547 
p=.019 

   

Analysis and diagnosis 

score 

 -0.576 
P=.012 

   

CM ADAM- Review error 
overview 

  0.516 
P=.028 

0.494 
P=.037 

 

ADAM- Link error codes 
to problem  

   0.560 
P=.016 

 

DF- Use DF  -0.474 
P=.047 

   

ADAM- Review PM tasks  0.516 P=.028  0.519 
P=.027 

  

Table 26: Correlation overview analysis activities 
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The FSTs must make use of the recommendations in the Advisory Dashboard for Analysis and 

Maintenance (ADAM), which is in line with the expected results. Evidence shows that reviewing 

the suggested relevant error codes shows moderate positive correlations with the MTTR (N=18, 

ρ=0.516 , p-value=0.028) and 2nd visit rate (N=18, ρ=0.494 , p-value=0.037) effectiveness for 

CM visits. For PM visits it is shown that the overall effectiveness score is positively correlated 

with the review of the error list. Reviewing the recommendation for executing PM tasks also 

positively correlates to the MTTR (N=18, ρ=0.519, p-value =0.027) and we find a positive 

correlation with the parts usage effectiveness (N=18, ρ=0.516, p-value =0.028). Here, we find 

similar results as for the service preparation, which also shows that the review of provided 

suggestions positively correlates with Performance Indicators (PIs). For the use of ADAM, we can 

accept hypothesis 1.  

For the use of the Diagnostic Framework (DF), we cannot accept hypothesis 1. The evidence 

even suggests a negative association between the use of the analysis tool DF and performance. 

The correlation test shows a moderate negative correlation between the use of DF and MCBF 

performance (N=18, ρ=-0.474, p-value =0.047). Interpretation mistakes or incorrect usage of the 

tool can explain this finding. Follow up interviews with five FSTs showed that they find the use of 

DF difficult. 

Against our expectation, executing more activities during the analysis stage of PM visits is bad 

for the performance. The analysis PSC behavior score shows a negative correlation with the FSTs’ 

MCBF performance (N=18, ρ=-0.576, p=0.012). The negative influence of using DF shows to be 

an explanation for this finding because the correlation is not found after removing the activity 

from the set. Based on this finding we reject hypothesis 3.  

• Solution design and implementation of the solution activities 

Regarding the solution design and implementation of the solution, we found that FSTs can 

choose to use TSM instructions to fix the problem. TSM is found to be an important tool during 

solution design and implementation. Evidence shows that using TSM instructions to fix the 

problem strongly correlates with higher parts usage performance (N=18, ρ=0.648, p-

value=0.004). An explanation for this finding is that TSM also suggests solution options that do 

not indicate the replacement of parts. The use of TSM, therefore, prevents unnecessary parts 

replacement while solving problems during CM visits. Based on this finding we accept 

hypothesis 1 for the support tool TSM. 
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• Evaluation activities 

The final step of the PSC cycle is the evaluation step in which the FSTs evaluate if the problem is 

solved and communicate valuable information. Table 27 provides the significant correlations 

found during the analysis. We discuss the key findings and some other interesting findings out 

of table 27. 

Visit Activity Parts usage 2nd visit rate Overall 

CM SDS- Use SDS test  0.525 P=.025  0.473 P=.047 

ADAM- Report valuable info   0.468 P=.050  

Evaluation score   0.558 P=.016 0.482 P=.043 

Table 27: Correlation overview evaluation activities 

Key findings 

The Service Diagnostic System (SDS) is an important tool for FSTs to evaluate if problems are 

solved. Evidence shows a moderate positive correlation between the use of SDS tests and the 

overall performance of FSTs (N=18, ρ=0.473, p-value=0.047). This result suggests that, with the 

help of SDS tests, FSTs are capable of correctly deciding if a problem is solved or not and 

concluding that a machine operates within boundaries. Based on our findings we can accept 

hypothesis 1 for the support tool SDS. 

Other findings 

Fully executing all the instructed steps regarding the evaluation of the CM visits is important for 

the FSTs’ performance score. The correlation test shows a moderate positive correlation 

between the evaluation PSC score and the overall performance of FSTs (N=18, ρ=0.482, p-value 

=0.043). 

5.2.2 5.2.2 5.2.2 5.2.2         The DSS suggestion adherenceThe DSS suggestion adherenceThe DSS suggestion adherenceThe DSS suggestion adherence    

As mentioned in chapter 2, the support tool ADAM provides the FSTs with suggestions 

regarding relevant error codes to state the condition of the machine and notifications that the 

usage level of PM tasks is reached. To research the relationship between the DSS suggestion 

adherence and performance we provide the correlations in Table 28. The full overview of 

significant correlations is provided in appendix AD. In this section, we will discuss the results 

regarding hypothesis 2. 

 2nd visit rate PM ratio Average cost 

MRE% solved by FSTs 0.387 p=.038   

MRE% solved for the machine   -0.376 p=.049 

Average number of days quarterly 

maintenance is postponed 

 -0.514 p=.005  

Table 28: Correlation overview adherence to ADAM suggestions 
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Key findings 

The error code recommendations are an important part of the Advisory Dashboard for Analysis 

and Maintenance (ADAM). Adhering to the recommendation of ADAM that a Machine 

recoverable error (MRE) is related to problems at the machine and should be solved, is 

important for the FSTs’ performance. Solving relatively more problems related to MREs on the 

worklist show to have a weak correlation with better performance scores regarding the 2nd visit 

rate (N=29, ρ=0.387, p=0.038). This suggests that the recommended MREs are often related to 

the actual problem and solving these problems reduces the probability that an extra visit is 

required. For Operator Recoverable Errors (OREs) and warnings, we were not able to find a 

relation with performance. Based on these results, we reject hypothesis 2 for OREs and warnings 

and accept it for MREs. 

Adhering to the recommendation in ADAM, that PM tasks need to execute is important for the 

machine performance. As mentioned in chapter 2, the FSTs in Germany are responsibly adhering 

to the PM task recommendation and planning a service visit, while in the Netherlands this is 

centralized. The correlation test shows a moderate negative correlation between the average 

amount of days that quarterly maintenance is postponed and the PM ratio. The goal at Océ is to 

achieve a high PM ratio, which means that this correlation confirms that the quarterly 

maintenance task should be executed as soon as possible when ADAM suggests performing the 

maintenance. We noticed that in the Netherlands the average amount of days quarterly 

maintenance is postponed is much lower than in NSO Germany, which means that the 

responsibility distribution in the Netherlands proves to be better than in Germany. We can 

accept hypothesis 2 for the recommendation to execute PM. 

Other findings 

Machines for which relatively more problems related to MREs are solved show to have a weak 

negative relation correlation with the average maintenance cost of the machine (N=29, ρ=0.376, 

p=0.049). Again, we can conclude that the MREs on the worklist correctly represent a problem, 

which needs to be solved to optimize the machine performance. Solving more OREs and 

warnings does not show any correlation with the machine performance, which could indicate 

that they are put on the worklist while not related to an actual problem. 

5555....2.2.2.2.3333                Time allocationTime allocationTime allocationTime allocation    

Based on the literature study, which showed that using root-cause analysis results in effective 

decision-making, we expected that spending more time to analyze the causes of the problem 

correlates positively with the performance of the FSTs. We could not find any positive 

correlation between the time allocated to the Analyze stage and performance. The results even 

show moderate negative correlations between the absolute (N=18, ρ=-0.569, p-value =0.017) 

and relative (N=18, ρ=-0.483, p-value =0.049) time allocated to the Analyze stage and the parts 
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usage effectiveness. A possible explanation for this finding is that FSTs, who analyze the 

machine longer, think that more problems or possible future problems need to be solved. We 

reject hypothesis 3 based on the found correlations. The full overview of significant correlations 

is provided in appendix AB.  

5555....2.2.2.2.4444        Service preparation effectiveneService preparation effectiveneService preparation effectiveneService preparation effectivenessssssss    

The FSTs’ performance needs to prevent that an FST does not have an idea of what the problem, 

cause, and solution might be after finishing the service visit preparation for CM visits. Evidence 

shows a moderate negative correlation between FSTs who indicate to have more often no idea 

about the problem and possible solution for the CM visit and the parts usage effectiveness 

scores(N=18, ρ=-0.477, p-value=0.045). A possible explanation for this correlation is that the 

FSTs who more often have no idea about the problem and solution, replace parts sooner 

because they expect that new parts will solve the problem with more certainty.  

We also expected that FSTs indicate to be very certain about the problem and solution after the 

preparation and their MTTR, 2nd visit rate or overall effectiveness score. But this correlation 

could not be found.  

Hypothesis 4 is not supported by the results, but we did find evidence for a negative association 

between having no certainty and performance. The full overview of significant correlations is 

provided in appendix AC.  

5555....2.2.2.2.5555            EvaluatiEvaluatiEvaluatiEvaluation efforton efforton efforton effort    

As shown in section 3.3.2, the evaluation effort of FSTs is described by the number of signs they 

use to describe the problem and solution and the relative amount of times they provide 

feedback for error codes. Appendix AE provides an overview of significant correlations regarding 

individual and team evaluation efforts. Table 29 provides summarized correlation overview of 

the provided feedback. 

 MTTR MCBF PM ratio Average cost 

Individual - Free text 

“Solution description” 

-0.419 
p=.024 

0.453 p=.014 0.648 
p=.0001 

0.436 p=.018 

Individual - Free text 

total 

 0.455 p=.013 0.559 
p=.0016 

 

Machine - Free text 

“Solution description” 

 0.425 p=.025 0.490 
p=.008 

 

Table 29: Correlation overview free text fields 
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Key findings 

Elaborate communication of valuable information in the logbooks is of key importance to 

achieve a good machine performance. Evidence shows that the FSTs, who on average describe 

the implemented solution with more signs, show higher performance on MCBF, PM ratio, and 

Average cost. For FSTs who describe the implemented solutions with more signs, we found 

moderate positive correlations with MCBF (N=29, ρ=0.453, p-value=0.014) and average cost 

performance (N=29, ρ=0.436, p-value =0.018) and a strong positive correlation with the PM 

ratio effectiveness (N=29, ρ=0.648, p-value =0.0001). The results show that we can accept 

hypothesis 5. 

Other findings 

It is also important to take into account that FSTs providing more complete information in the 

logbooks show worse performance on MTTR performance (N=29, ρ=-0.419, p-value=0.024). 

One possible explanation for this finding is that the FSTs who describe the service visit in more 

detail need more time for communicating this information. Another explanation is that these 

FSTs might regard system performance as more important than the MTTR. 

Machines for which the implemented solution is described with more signs also show moderate 

positive correlations with the MCBF (N=29, ρ=0.425, p-value=0.025) and PM ratio (N=29, 

ρ=0.490, p-value=0.008) performance. 
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CCCChapter hapter hapter hapter 6666        Conclusion, rConclusion, rConclusion, rConclusion, recommendationsecommendationsecommendationsecommendations    and limitationsand limitationsand limitationsand limitations    
In this final chapter, we discuss the findings of this research. In section 6.1 we start with 

answering the research questions as presented in section 1.2.2. Section 6.2 provides the 

recommendations for Océ and section 6.3 discusses the limitations of the research together with 

the directions for further research. 

6666.1 .1 .1 .1         ConclusionConclusionConclusionConclusion    
In this section, we answer the defined research questions. 

1. What is the maintenance visit process and provided support at Océ?  

The results showed that the maintenance visits can be roughly divided over five steps: Visit 

preparation, Collecting information regarding the problem, Analyzing the cause of the occurred 

problem and designing a solution, Repairing the machine and Evaluating the service visit. 

 

Océ supports each step of the process by DSSs. The visit preparation is supported by a 

Knowledge- and Document-driven DSS called ORS, which can be consulted remotely and 

provides suggestions of relevant error codes and outstanding PM tasks. The analysis and repair 

of the system is supported by various Data- and Knowledge-driven DSS. These DSSs have five 

key functionalities: provide suggestions for outstanding PM tasks, relevant error codes, causes 

and solutions, provide the opportunity to analyze the condition of parts of the system, provide 

the opportunity to review logbooks, provide implementation procedures and provide tests to 

check if the problem is solved. A Communication-driven DSS helps DSS communicating valuable 

information regarding the service visit.  

2. What decisions do FSTs make during the service process? 

The results showed that three different problem situations can be identified and linked to the 

decision orders defined by Scherpereel (2006). Outstanding PM tasks are first-order problems, 

where the solution for the problem is deterministic. Error code related problems are second-

order problems, where the solution for the problem is chosen based on the probability 

estimations. Finally, print quality-related problems are third-order problems, where the goal is to 

find a satisficing solution.  

The results regarding the behavior description further pointed out that FST’s often try to solve 

extra problems identified by the customer during PM visits. Therefore a service visit is rarely 

solely dedicated to PM. The results also showed that the PM task quarterly maintenance is 

postponed more if the FSTs have the responsibility to trigger the PM visit. 
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3. What is the performance of FST working with the support tools? 

The performance of FSTs is measured by a designed Productivity Measurement and 

Enhancement System (ProMES). The relevant organizational goals for Océ are low cost, high 

system performance, high customer satisfaction, and good service execution.  

To measure these, eight Performance Indicators (PIs) have been identified. Four PIs can be 

measured on the individual level. The other four are more related to team performance and the 

results showed that measuring these on an individual level would not be appropriate. The 

individual PI value is calculated by using a contributing factor of an FST to each machine’s 

performance. We were not able to identify objective measures of customer satisfaction and the 

data reliability kept us from using the PM efficiency and Uptime effectiveness. 

The 29 FSTs showed average performance effectiveness of 8,3. 

4. What service visit decisions and behavior do influence the performance of the FST and 

the system? 

This research has found evidence that the use of several support tools and the execution of 

instructed activities contributes to the performance of the FSTs. For the use of the Advisory 

Dashboard for Analysis and Maintenance (ADAM), Océ Remote Service (ORS), Technical Service 

Manual (TSM) and Service Diagnostic System (SDS) we could confirm a positive relationship 

between the use of the DSS and the performance of FSTs. For the Diagnostic Framework (DF) we 

could not confirm that the use of the DSS has a positive influence on performance, the results 

even showed a negative relation between the use of DF and the performance of FSTs. 

We are also able to confirm that adherence to the suggestions made by ADAM regarding the 

error type Machine recoverable errors (MREs) and outstanding PM task quarterly maintenance is 

associated with better FST performance. We were not able to find a relationship for the other 

error types: Operator Recoverable Errors (OREs) and warnings. 

The logbooks at the end of the service visit must be complete and provide enough information 

for future service visits. While we did not find evidence that the use of logbooks is associated 

with better performance, we did find that the FSTs who more elaborately describe the 

implemented solution perform better on the average cost, MCBF, and PM ratio effectiveness, 

but worse of MTTR effectiveness. The machines for which the average solution descriptions are 

more elaborate also show better performance on the MCBF and PM ratio.  

Besides the use of the support tools, evidence is found for other interesting findings. The 

availability of a visual image of the problem and positively influences performance on parts 

usage. The implementation of temporary fixes over the phone negatively influences the overall 

performance.  
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6666.2 .2 .2 .2         RecommendationsRecommendationsRecommendationsRecommendations    
This research was aimed at identifying how FSTs perform a service visit and how the 

performance of the FSTs can be improved. In this section, we discuss the recommendations for 

Océ. We divided the recommendations over visit preparation improvements, service visit 

improvements, reporting improvements, and performance evaluation improvements. 

Visit preparation improvements 

The first recommendation is to optimize the message send to FSTs, which triggers the service 

visit. The results showed that reviewing the outstanding PM tasks and the error codes on the 

worklist in Océ Remote Service (ORS) is positively associated with performance. The results 

further showed that reviewing visual images of the problem during the preparation enhances 

parts usage performance. At the moment the FSTs only receive the reason for the service visit 

and contact information. Information in ORS and visual images of the problem need to be 

actively acquired. By adding a visual image made by the customer and a link to the ORS page of 

the specific machine or including the overview within the message, the acquisition effort is 

reduced which makes it easier to choose for reviewing the information. 

Océ should make FSTs aware of the negative influence of implementing temporary fixes over 

the phone. The main goal of FSTs for implementing temporary fixes is to minimize the 

downtime, which is not taken into account in the developed ProMES. Therefore, we would like to 

suggest to perform further research into what temporary fixes could be implemented for what 

expected downtime duration without diminishing the performance. 

At each NSO, the maintenance planner is responsible for planning PM visits and assigning the 

FSTs to the PM and CM visits. The ability of maintenance planners to schedule PM visits in time 

is important for the performance of machines. The maintenance planners also work with a 

decision support tool and we would like to recommend, to investigate the interaction of 

maintenance planners with that decision support tool. 

Service visit improvements 

To improve the service visit procedure, we would like to recommend Océ to provide better 

training for the use of the Diagnostic Framework (DF). While the FSTs rate the importance of DF 

on average as 74 out of 100, the results show that the use of DF during both types of service 

visits is negatively associated with the MCBF performance. During interviews, multiple FSTs have 

indicated that the use of the DF is too hard and the information that it provides is hard to 

interpret.  
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To further improve the effectiveness of the error list we recommend, to evaluate the 

effectiveness of error code analysis. While for Machine recoverable errors (MREs) the analysis 

seems to be effective, for Operator Recoverable Errors (OREs) and Warnings we did not see the 

same effect of solving relatively more of these types of error codes and performance. This 

indicates that the OREs and Warnings are put on the worklist without being related to actual 

problems at the machine. A possible improvement is to improve the threshold values, which 

determine if an error code should be put on the worklist or not. The threshold values could be 

improved by analyzing how often the FSTs indicate that no action is needed to solve the error 

code in the logbook data. Another option is to let the FSTs decide the threshold value because 

previous literature suggests that adherence increases if users of the DSS can slightly modify the 

results. 

Reporting improvements 

Regarding reporting improvements, we recommend providing suggestions for valuable 

information. The results showed that providing more elaborate information in the solution 

description improves the performance of both the FSTs and the machine. Currently, FSTs have to 

decide what is valuable information without any support, based on what they recollect of the 

visit and what they perceive to be important. We suggest to perform further research into what 

information is valuable to optimize the quality of the logbooks. 

Another recommendation is to add a cause section to the service reporting. Currently, the FSTs 

have to fill in a problem description and solution description, but information regarding the 

identified cause is lost if the FSTs do not add it to other sections. 

To compensate for the extra effort that FSTs have to put in for providing information, we 

suggest standardizing the free text sections. In the future, this will also enable both the FSTs and 

employees at Océ HQ to analyze the logbooks more easily, because the data is more structured. 

The last recommendation regarding service reporting is an extension of the previous 

recommendation. Currently, the FSTs have to fill in free text sections to describe more about the 

problem, cause, and solution for error codes. The Technical Service Manual (TSM) provides the 

FSTs with possible causes and solutions for different error codes and problems. By linking the 

reporting system to the content of the TSM instructions and enabling the FSTs to click on the 

cause and solution, the effort for providing feedback is reduced.  
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Consequential advantages are: 

• Reporting mistakes are reduced. Currently, the FSTs can indicate they performed actions 

to solve the error code, while it might be the case that they only evaluated if resolution 

actions are required. When the FSTs have to indicate what action is performed, it is less 

likely that these mistakes are made. 

• By aggregating the results of all logbooks, the probabilities that a possible cause is the 

actual cause of the problem and the probabilities that a possible solution is the actual 

solution can be calculated. When this information is provided in TSM, the FSTs have 

objective estimations of the cause and solution success, which is now based on 

individual experience. 

Performance evaluation improvements 

The first recommendation regarding the performance evaluation is to adopt a Productivity 

Measurement and Enhancement System (ProMES) for the performance evaluation of FSTs for 

the following reasons: 

• The extra Performance Indicators (PIs) measure more aspects of performance: the 

performance evaluation is based on aggregating four objective PIs, while the designed 

ProMES extends it with two more PIs.  

• Weight factors are used to describe the importance of PIs: weight of each PIs in the 

current evaluation methods is equal, the designed ProMES considers the differences in 

importance 

• ProMES considers team performance: the current method to calculate the MCBF can be 

influenced by numerous factors such as PM visits, the time pressure at the customer, 

which influences if the FST can fully restore the state of the machine and the mistakes an 

operator makes that break down the machine. The developed ProMES considers that the 

machines are not serviced by a single FST and are the results of team effort by 

calculating the contribution factor of FSTs to the machine performance.  

 

Second, we would like to recommend Océ to investigate the effect of customer requirements on 

machine performance indicators and how this effect can be quantified. Also, customer 

satisfaction is not used in the performance evaluation, which showed to be one of the 

organizational service goals. Incorporating the effect of customer requirements and adding 

customer satisfaction indicators in the evaluation of FSTs makes the results more reliable. 

The third recommendation regarding performance evaluation is to improve the collected data 

regarding the time spend on Preventive Maintenance (PM) and Corrective Maintenance (CM) 

tasks because it allows measuring the efficiency of performing the PM tasks. Currently, no 

measure investigates the effectiveness regarding the time for PM visits 
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6666.3 .3 .3 .3         Limitations and future researchLimitations and future researchLimitations and future researchLimitations and future research    
The first limitation regarding the survey is the small sample size, which reduces the reliability of 

the results, increases the probabilities of false discoveries and increases the probability of 

inflated effect sizes. Another disadvantage of the small sample size is that simple and multiple 

regression analysis is not applicable. Green (1991) suggested that the sample size should be at 

least 50+8*m for testing multiple correlations and at least 104+m for testing individual 

predictors, where m is the number of independent variables. The advantage of regression 

analysis is that it numerically shows the relationship between the independent and dependent 

variables. In our research the independent variables are the decision and service behavior of 

FSTs, and the dependent variable would be the performance. The first future research direction 

is to perform a multiple regression analysis on this topic.  

 

The second limitation is that not all measures of behavior are objective measures. The survey 

results rely on individual estimations. These estimations are sensitive to several biases, such as 

under- or overestimating the reliance on support tools or execution of activities. Using multiple 

items to measure the same construct is an option to reduce the sensitivity, but this increases the 

length of the survey. Therefore, another direction for future research is to identify other 

methods to objectively measure the behavior and use of support tools. 

 

The limitations regarding the development of the Productivity Measurement and Enhancement 

System (ProMES) are:  

• Failed to identify objective PIs for describing customer satisfaction, which means that the 

designed ProMES does not fully describe the effectiveness of all goals.  

• Developed for NSO the Netherlands and Germany, where factors as geographical 

distances, logistics, and support are quite similar.  

• The influence of the customer, such as quality expectations, time pressure, and the work 

environment at the customer are assumed to be zero. 

• The contribution factor is based on the number of service visits to calculate the influence 

of an FST on the machine performance, which might be too simplistic. 

The directions for future research are therefore to find objective PIs for measuring customer 

satisfaction, to investigate how the ProMES can be adjusted to make it applicable for more 

NSOs, to investigate how customer requirements can be quantified and used to standardize the 

ProMES and to investigate how to assign quantified credit to individual team members 

regarding team performance. 

Finally, the research does not investigate the underlying reason for the use or ignorance of the 

support tools. A direction for further research is to investigate if the use and adherence to the 

support tools are sensitive to individual characteristics, such as the reactance level.  
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AAAAppendicesppendicesppendicesppendices    

Appendix A Appendix A Appendix A Appendix A ––––    Decisions made during the problem solving cyclDecisions made during the problem solving cyclDecisions made during the problem solving cyclDecisions made during the problem solving cycleeee    
This appendix provides an overview of the identified decisions made during each step of the 

PSC. These decisions have been identified by Kosky et al. (2010), Van Aken et al. (2007) and 

Zhang et al. (2007). 

Step Decision 

Problem definition 1. Decide what the problem is 

2. Decide what possible causes are related to the problem 

3. Decide what the objective is 

4. Decide what the constraints are 

Analysis and 

diagnosis 

5. Decide the what data sources to use 

6. Decide the what information to use 

7. Decide what the possible causes are 

8. Decide what the possible consequences are 

9. Decide if the causes are validated 

10. Decide if the consequences are validated 

Solution design 11. Decide what the alternatives are 

12. Decide what the consequences are 

13. Decide what the preferred alternatives and consequences are 

14. Decide what solution to implement 

Implementation of 

the solution 

15. Decide what actions to perform 

16. Decide when to perform what action 

17. Decide who is involved in the process 

Evaluation 18. Decide what the results are 

19. Decide the improvements to be made 

20. Decide what is important to learn for the future 
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Appendix B Appendix B Appendix B Appendix B ----    SemiSemiSemiSemi----structured interview with FSSstructured interview with FSSstructured interview with FSSstructured interview with FSS    
Question overview for interview with FSS Germany and FSS the Netherlands 

• Introduction 

o Introduction of myself 

o Introduction about my research 

o Introduction about the purpose of the interview 

• Briefing 

o Question: Do you have any objections against recording this interview? 

o Remark: Result of the interview will be send to you to check and review. 

o Question: Do you have any questions? 

• Function description 

o Question: What is your position in the NSO? 

o Question: What are your tasks and responsibilities? 

• Preventive maintenance 

o Question: How does the preventive maintenance process look like from the moment a 

trigger is noticed? 

o Question: Who is responsible for each step of the process? 

o Question: How should a corrective service visit look like? 

o Question: What are the criteria for a good preventive service visit? 

o Question: Why are these criteria important? 

o Question: What are the consequences when these criteria are not met? 

o Question: What are the key performance indicators for preventive service visits? 

o Question: How are these indicators used in the evaluation of FST? 

• Corrective maintenance 

o Question: How does the preventive maintenance process look like from the moment a 

trigger is noticed? 

o Question: Who is responsible for each step of the process? 

o Question: How should a corrective service visit look like? 

o Question: What are the criteria for a good corrective service visit? 

o Question: Why are these criteria important? 

o Question: What are the consequences when these criteria are not met? 

o Question: What are the key performance indicators for corrective service visits?  

o Question: How are these indicators used in the evaluation of FST? 

• Finalizing 

o Question: Is there anything you want to add? 
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AppenAppenAppenAppendix C dix C dix C dix C ----        Service visit preparation in NSO Germany and NSO the Service visit preparation in NSO Germany and NSO the Service visit preparation in NSO Germany and NSO the Service visit preparation in NSO Germany and NSO the 

NetherlandsNetherlandsNetherlandsNetherlands    
This appendix provides the work procedure overview of Dutch and German FSTs. The cells, 

which are marked green and contain a cross, indicate the responsibility of a function for that 

particular activity. All cells, which are marked yellow and contain “NA”, indicate the activity is not 

applicable for the corrective or preventive service visit. 

 Germany 

 

Visit Type Responsibility FSS FST Planner Customer 
center 

Corrective Trigger visit NA NA NA NA 

Call intake    X 

Plan visit   X  

Review planned visit  X   

Call screening  X   

Review remote information  X   

Preparation execution  X   

Call customer to 
communicate arrival time 

 X   

Preventive Trigger visit  X   

Call intake NA NA NA NA 

Plan visit    X  

Review planned visit  X   

Call screening NA NA NA NA 

Review remote information  X   

Preparation execution   X   

Call customer to 
communicate arrival time 

NA NA NA NA 
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 The Netherlands 

 

Visit Type Responsibility FSS FST Planner Customer 
center 

Corrective Trigger visit NA NA NA NA 

Call intake    X 

Plan visit   X  

Review planned visit  X   

Call screening  X   

Review remote information  X   

Preparation execution   X   

Call customer to 
communicate arrival time 

 X   

Preventive Trigger visit X    

Call intake NA NA NA NA 

Plan visit    X  

Review planned visit  X   

Call screening NA NA NA NA 

Review remote information X X   

Preparation execution   X   

Call customer to 
communicate arrival time 

NA NA NA NA 
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AAAAppendixppendixppendixppendix    DDDD    ----    ORS and ADAM support for triggering PM visitsORS and ADAM support for triggering PM visitsORS and ADAM support for triggering PM visitsORS and ADAM support for triggering PM visits    
PM service visits in Germany have to be triggered by an FST. The decision to trigger a PM visit is 

supported by two sources: 

• During a service visit at the machine: in the decision support tool ADAM 

• Remotely: in ORS by looking into the worklist 

The table below provides a detailed overview of the information that is provided in these two 

support tools 

Name Description 

Maintenance Actual maintenance task or name or the grouped tasks 

MRI  Machine resource indicator 

Current value Counter value from moment the part is changed in 1000 clicks (kclicks) (Only 
used for counter-based maintenance) 

%used The relative usage of the part compared to the expected lifetime value (Only 
used for counter-based maintenance) 

Remaining 

lifetime 

The expected remaining number of days before the parts need to be 
maintained (Only used for time-based maintenance) 

Last 

performed on 

The date and time of the moment this maintenance task or group of tasks is 
performed. 
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AppendixAppendixAppendixAppendix    EEEE    ––––    Content of trigger messagesContent of trigger messagesContent of trigger messagesContent of trigger messages    
The FSTs are informed about a maintenance visit by a trigger message send by the planner. The 

table below provides a more detailed overview of the content and for which type of service visit 

this information is provided. 

Type Information Preventive Corrective 

Customer contact 

information 

Customer name X X 

Customer contact name X X 

Contact phone number X X 

Address X X 

Serial number of the machine X X 

Reason/issue Small description of the problem, written 
down by the customer call center 

 X 

Visit information Time and date X X 

Maintenance 

information 

Number of tasks X  

Maintenance task code X  

Maintenance group name X  

Maintenance task description X  

Estimated duration X  
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Appendix Appendix Appendix Appendix FFFF    ----    WWWWorklist overvieworklist overvieworklist overvieworklist overview    
The worklist is provided by both ADAM and ORS, which presents the analyzed error and warning 

codes and the outstanding PM tasks.  

The errors and warnings can be placed on the worklist for various reasons, but for each error 

and warning code there is only one reason. The follow for reasons can be found:  

• Systematic Error Analysis (SEA): Based on an algorithmic trend analysis 

• Single Event Trigger (SET): Presented if the error occurred at least once since the last visit 

• Ranked by Volume (RNK): Presented if there is insufficient data to use SEA 

• Actual: Actual reason for the visit, often in case of a PE 

The outstanding PM tasks can either be put on the worklist based on counter, time and 

condition-based triggers. The table below provides a detailed overview information provided in 

the worklist. 

 Name Description 

Errors and 

warnings 

Error code Actual error 

MRI Machine Resource Indicator- shows which component detected 
the error 

Type Shows if the error is an PE, MRE, ORE or Warning 

Reason Shows if the error is put on the worklist by SEA, SET, RNK or 
Actual  

Description Describes the kind of error and what the error code means 

Quantity Occurrence since last visit 

Maintenance Name Actual maintenance task or name or the grouped tasks 

MRI Machine Resource Indicator- shows in which component the 
maintenance is required 

%Used The relative usage of the part compared to the expected lifetime 
value (Only used for counter-based maintenance) 

Estimated 
remaining 
lifetime 

The expected remaining number of days before the parts need 
to be maintained (Only used for time-based maintenance) 
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Appendix Appendix Appendix Appendix GGGG    ----    LLLLogbook overview ogbook overview ogbook overview ogbook overview     
This appendix provides a detailed overview of the content regarding the logbooks 

Section Name Description 

General Start date Start date and time of that particular visit 

End date End date and time of that particular visit 

Total counter Amount of clicks printed by the printer since the installation 

Counter since 
last visit 

Amount of clicks printed by the printer since the last visit 

Technician ID The name and ID number of the FST that performed the visit 

Visit type Preventive or Corrective visit 

Problems Reason/issue Description of the reason or issue that triggered the visit 
written by the FST 

Action “Done” or “Postponed” 

Remark More detailed description or explanation of what solved the 
reason for the visit or the reason to postpone the action 

Errors and 

Warnings 

Error code Actual errors on the worklist at that service visit 

MRI Machine Resource Indicator- shows which component 
detected the error 

Type Shows if the error was an PE, MRE, ORE or Warning 

Reason Shows if the error was put on the worklist by SEA, SET, RNK 
or Actual  

Description Describes the kind of error and what the error code means 

Quantity Occurrence since previous visit 

Action “Done”, “Postponed”, “No action needed” or “None” 

Remark More detailed description or explanation of what is done to 
solve the error code 

Maintenance Maintenance Actual maintenance task or name or the grouped tasks 

MRI Machine resource indicator 

Percentage 
replaced 

Counter value from moment the part is changed in 1000 
clicks (kclicks) (Only used for counter-based maintenance) 

%used The relative usage of the part compared to the expected 
lifetime value (Only used for counter-based maintenance) 

Action “Done”, “Postponed” or “None” 

Remark More detailed description or explanation of useful 
information 

Used parts Part number Unique part number 

Reference Location of the part in the TSM 

Name Part name 

Quantity Number of that particular part used 

Remarks for 

next visit 

 Useful information for future visits 
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Appendix HAppendix HAppendix HAppendix H    ––––    Schematic overviews of CARE processSchematic overviews of CARE processSchematic overviews of CARE processSchematic overviews of CARE process    
This appendix provides the schematic overviews of each step of the CARE process. These 

schematic overviews are provided as BPMN 2.0 models. 

BPMN 2.0 model of the Collect stage 

 

BPMN 2.0 model of the Analyze stage 
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BPMN 2.0 model of the Repair stage 

 

BPMN 2.0 model of the Evaluate stage 
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Appendix Appendix Appendix Appendix IIII    ----    CCCCollect ollect ollect ollect pagepagepagepage    informationinformationinformationinformation    in ADAMin ADAMin ADAMin ADAM    
At the collect page, the FST is presented with general machine information and a small summary 

of the previous service visit. The tables below provide a more detailed overview of the exact 

content of the Collect page. 

Collect - Machine info 

Information Value 

Configuration Type Shows the machine type and hardware version 

System Type Shows the machine type and software version 

Serial Number Unique printer ID number, in TSM used to present the machines 
with particular modifications  

Total Counter Total amount of clicks printed by the printer since the installation 

Since Last Visit Amount of clicks printed by the printer since the last visit 

Settings and 

Counters 

Shows the name, description and value of all parameters and 
counters of the main engine and the extensions 

Modifications Shows the time and date, counter value, MRI, name and action of all 
modifications performed at the printer 

 

Collect – Previous service visit 

Information Value 

Start Date & Time Shows the moment the visit took place and the duration of the visit 

End Date & Time Shows the moment the visit took place and the duration of the visit 

Technician ID Shows the name and ID number of the FST that performed the visit 

Reason/issue Description of the reason or issue that triggered the visit written by 
the FST 

Action “Done” or “Postponed” 

Remark More detailed description or explanation of what solved the initial 
reason for the visit or the reason to postpone the action 
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Appendix Appendix Appendix Appendix J J J J ––––    Content of complete error listContent of complete error listContent of complete error listContent of complete error list    
When the error codes on the worklist do not seem sufficient, the FST is able to review the 

complete error occurrence on another subpage. The table bellow provides the content of this 

complete error overview. 

Name Description 

Type Shows if the error is an PE, MRE, ORE or Warning 

Error code Actual error 

MRI Machine Resource Indicator- shows which component detected the 
error 

Description Describes the kind of error and what the error code means 

Total counter Total amount of clicks printed by the printer since the installation, up to 
the error occurrence 

Date & Time Exact date and time of the error occurrence 

Link to TSM Link to the TSM report of the error code 
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Appendix K Appendix K Appendix K Appendix K ––––    Decision overview forDecision overview forDecision overview forDecision overview for    triggering a preventive triggering a preventive triggering a preventive triggering a preventive service visitservice visitservice visitservice visit    
The table below describes the decision overview for triggering a service visit by FST in Germany. 

In column one the step of the PSC is given and in column two the related activity for Océ. In 

column three a description of the decision is given together with the link to the theoretical 

decision overview of the PSC. This relation is provided by adding the number of the theoretical 

decision. Furthermore column four provides the decision type based on the categorization of 

Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Problem 

definition 

Trigger visit Decide to proactively review 
ORS  

Binary  - 

Decide if PM tasks are on the 
worklist (1) 

Binary  ORS-active 

Decide what the customer 
specific objectives and 
constraints are (3)(4) 

Evaluation - 

Analysis & 

Diagnosis 

Trigger visit Decide to review information in 
ORS about the outstanding 
maintenance tasks (5)(6) 

Binary  - 

Decide why the PM task is put 
on the worklist (7)(9) 

Choice ORS-active 

Decide what the possible 
consequences are (8)(10) 

Evaluation ORS-active 

Solution design Trigger visit Evaluate what the risk of 
postponing maintenance is(12) 

Evaluation ORS-active 

Evaluate for counter-based 
maintenance when the use level 
is reached (12) 

Evaluation ORS-active 

Evaluate if clustering of PM is 
possible 

Binary ORS-active 

Evaluate the preferences for the 
alternatives (13) 

Evaluation - 

Choose to trigger a PM visit or 
postpone it (14) 

Binary - 

Implementation 

of solution 

Trigger visit Decide when to trigger the 
maintenance planner (16) 

Evaluation - 

Evaluation - No evaluation possible   
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Appendix L Appendix L Appendix L Appendix L ––––    Decision overview for preparing a preventive service visit Decision overview for preparing a preventive service visit Decision overview for preparing a preventive service visit Decision overview for preparing a preventive service visit     
The table below describes the decision overview for preparing a PM service visit by FST. In 

column one the step of the PSC is given and in column two the related activity for Océ. In 

column three a description of the decision is given together with the link to the theoretical 

decision overview of the PSC. This relation is provided by adding the number of the theoretical 

decision. Furthermore column four provides the decision type based on the categorization of 

Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Problem 

definition 

Review 
planned 
visit 

Decide to read the planned visit 
message (1) 

Binary  Trigger 
message- 
passive 

Decide what the customer specific 
objectives and constraints are 
(3)(4) 

Evaluation - 

Analysis & 

Diagnosis 

Review 
remote 
information 

Decide to acquire information 
from ORS and TSM(5) 

Binary  - 

Decide to review the maintenance 
tasks in ORS and TSM(6) 

Binary - 

Decide the value and meaning of 
the information in ORS and TSM 
(7)(8)(9)(10) 

Evaluation ORS-active 
TSM-active 

Solution design Preparation 
execution 

Decide if parts need to be 
ordered(14) 

Binary TSM-active 

Implementation 

of solution 

Preparation 
execution 

Decide when to order the parts 
(15)(16) 

Choice  - 

Evaluation - No evaluation possible   
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Appendix M Appendix M Appendix M Appendix M ––––    Decision overview for preparing a Decision overview for preparing a Decision overview for preparing a Decision overview for preparing a correctivecorrectivecorrectivecorrective    service visitservice visitservice visitservice visit    
The table below describes the decision overview for preparing a CM service visit by FST. In 

column one the step of the PSC is given and in column two the related activity for Océ. In 

column three a description of the decision is given together with the link to the theoretical 

decision overview of the PSC. This relation is provided by adding the number of the theoretical 

decision. Furthermore column four provides the decision type based on the categorization of 

Yates & Tschirhart (2006).  

Cycle step Activity Description Decision 

type 

Support 

Problem 

definition 

Review 
planned 
visit 

Decide to read the planned visit 
message (1) 

Binary  Trigger 
message 

Decide what the general and 
customer specific objectives and 
constraints are (3)(4) 

Evaluation - 

Do a screen 
call 

Decide to do a screen call Binary Trigger 
message 

Decide what to ask the customer 
regarding the perceived problem 
(1) 

Choice Instruction 

Decide what to ask the customer 
regarding the objectives and 
constraints (3)(4) 

Choice Instruction 

Analysis & 

Diagnosis 

Do a screen 
call 

Decide to do a screen call (5) Binary  Trigger 
message 

Decide what questions to ask 
regarding the cause of the 
problem(6) 

Choice Instruction 

Decide the value and meaning of 
the answers (7)(8)(9)(10) 

Evaluation - 

Review 
remote 
information 

Decide to acquire information 
from ORS and TSM (5) 

Binary  - 

Decide to review error codes in  
ORS and TSM (6) 

Choice ORS 
TSM 

Decide the value and meaning of 
the information in ORS and TSM 
(7)(8)(9)(10) 

Evaluation - 

Solution design Preparation 
execution 

Decide what the alternative 
solutions are (11) 

Choice TSM 

Decide what the consequences of 
the alternatives are (12) 

Evaluation TSM 
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Evaluate the alternatives and 
decide how the problem can be 
solved (13)(14) 

Evaluation - 

Choose if the problem can be 
solved over the phone (14) 

Binary - 

Choose if a modification can be 
made(14) 

Binary - 

Choose if parts need to be 
ordered (14) 

Binary TSM 

Implementation 

of solution 

Preparation 
execution 

Decide when to perform the 
actions (15)(16) 

Choice  - 

Evaluation - No evaluation possible   
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Appendix N Appendix N Appendix N Appendix N ––––    Collect stage decision overview for corrective service visiCollect stage decision overview for corrective service visiCollect stage decision overview for corrective service visiCollect stage decision overview for corrective service visitstststs    
The table below describes the decision overview for the Collect stage decisions during a service 

visit by FST. In column one the step of the PSC is given and in column two the related activity for 

Océ. In column three a description of the decision is given together with the link to the 

theoretical decision overview of the PSC. This relation is provided by adding the number of the 

theoretical decision. Furthermore column four provides the decision type based on the 

categorization of Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Problem 

definition 

Collect 
information 
from the 
customer 

Decide what to ask the customer  Choice Instruction 

Decide what the customer 
perceives to be the problem (1) 

Evaluation - 

Decide what the customer 
expects of the service (3)(4) 

Evaluation - 

Collect 
information 
from ADAM 
and 
PRISMAsync 

Evaluate if modifications or other 
system information is related to 
the problem (2) 

Evaluation ADAM 

Evaluate if the perceived problem 
of the customer is the actual 
problem (2) 

Evaluation ADAM 

Try to 
reproduce the 
problem 

Evaluate if the perceived problem 
of the customer is the actual 
problem (2) 

Evaluation PRISMAsync 

Verify the 
media type 

Evaluate if the media type is 
related to the problem (2) 

Evaluation PRISMAsync 

Verify customer 
story with facts 

Evaluate if the perceived problem 
of the customer is the actual 
problem (2) 

Evaluation - 

Write down 
problem 
description 

Decide what the actual problem is 
(1) 

Choice - 

Decide what might be the cause 
of the problem (2) 

Choice - 
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Appendix O Appendix O Appendix O Appendix O ----    AnalyzeAnalyzeAnalyzeAnalyze    stage decision overview for corrective service visitsstage decision overview for corrective service visitsstage decision overview for corrective service visitsstage decision overview for corrective service visits    
The table below describes the decision overview for the Analyze stage decisions during a service 

visit by FST. In column one the step of the PSC is given and in column two the related activity for 

Océ. In column three a description of the decision is given together with the link to the 

theoretical decision overview of the PSC. This relation is provided by adding the number of the 

theoretical decision. Furthermore column four provides the decision type based on the 

categorization of Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Analysis & 

Diagnosis 

Link the problem to 
error codes 

Decide to use the 
complete error overview(5) 

Binary ADAM 

Decide to use the error 
graphs(10) 

Binary ADAM 

Decide what errors are 
relevant for the service 
visit(8)(10) 

Evaluate ADAM 

Read the history 
information  

Decide to read the history 
information(5) 

Binary ADAM 

Decide what to review of 
previous service visits(6) 

Choice ADAM 

Decide what can cause the 
problem (7)(9) 

Evaluate - 

Use TSM Decide to use TSM(5) Binary TSM 

Decide in what order to 
validate causes (7)(9) 

Choice TSM 

Use Diagnostic 
Framework 

Decide to use DF(5) Binary Diagnostic 
Framework 

Decide what causes to 
validate(9) 

Choice Diagnostic 
Framework 

Escalate to second 
support line 

Decide to escalate to the 
FSS 

Binary - 

Decide what to 
communicate to the FSS 

Choice Instructions 

Solution 

design 

Decide upon 
further actions 

Decide upon what possible 
solution has the preference 
(13) 

Evaluate TSM 

Choose the solution(14) Choice - 

Agree with 
customer about 
further actions 

Evaluate if the customer 
allows the implementation 
of the solution 

Evaluate - 
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Appendix P Appendix P Appendix P Appendix P ––––    Repair stage Repair stage Repair stage Repair stage decision overviewdecision overviewdecision overviewdecision overview    
The table below describes the decision overview for the Repair stage decisions during a service 

visit by FST. In column one the step of the PSC is given and in column two the related activity for 

Océ. In column three a description of the decision is given together with the link to the 

theoretical decision overview of the PSC. This relation is provided by adding the number of the 

theoretical decision. Furthermore column four provides the decision type based on the 

categorization of Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Implementation 

of solution 

Use and 
apply TSM  
instructions 

Decide to use TSM instructions 
(15)(16) 

Binary TSM 

Escalate to 
second 
support line 

Decide to escalate to FSS Binary - 

Decide what to communicate to 
the FSS 

Choice Instructions 

Evaluation Do a test 
run to check 
the print 
quality 

Decision to use test files to 
check print quality 

Binary SDS 

Evaluate if the print quality  (18) Evaluation - 

Verify if 
actual 
problem is 
solved 

Evaluate if objectives from 
problem definition are met (19) 

Evaluation - 
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Appendix Q Appendix Q Appendix Q Appendix Q ––––    Evaluate stage decision overviewEvaluate stage decision overviewEvaluate stage decision overviewEvaluate stage decision overview    
The table below describes the decision overview for the Evaluate stage decisions during a 

service visit by FST. In column one the step of the PSC is given and in column two the related 

activity for Océ. In column three a description of the decision is given together with the link to 

the theoretical decision overview of the PSC. This relation is provided by adding the number of 

the theoretical decision. Furthermore column four provides the decision type based on the 

categorization of Yates & Tschirhart (2006).  

Cycle step Activity Description Type Support 

Evaluation Fill in ADAM Decide what error codes have 
been solved (20) 

Choice ADAM 

Decide what maintenance has 
been executed (20) 

Choice ADAM 

Decide what parts have been 
used (20) 

Choice TSM 

Make valuable 
info available for 
colleagues 

Decide what to communicate 
more about the implemented 
solution (20) 

Evaluation - 

Decide what to communicate 
about the error codes (20) 

Evaluation - 

Decide what to communicate 
about the maintenance action 
(20) 

Evaluation - 
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Appendix Appendix Appendix Appendix RRRR    ----    Survey for FST (a translation)Survey for FST (a translation)Survey for FST (a translation)Survey for FST (a translation)    
Appendix R provides a translated version of the survey. 
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Appendix Appendix Appendix Appendix SSSS    ––––    Activity execution for preventive service visitsActivity execution for preventive service visitsActivity execution for preventive service visitsActivity execution for preventive service visits    
In the figures below, the relative activity execution is depicted for PM visits and both NSOs. The 

percentages depicted in black are related to NSO Germany and the percentages in orange relate 

to NSO the Netherlands. The black arrows in the figures indicate following the theoretical 

process and red arrows indicate deviating from the theoretical process. 
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Appendix T Appendix T Appendix T Appendix T ––––    Activity execution for corrective service visitsActivity execution for corrective service visitsActivity execution for corrective service visitsActivity execution for corrective service visits    
In the figures below, the relative activity execution is depicted for CM service visits and both 

NSOs. The percentages depicted in black are related to NSO Germany and the percentages in 

orange relate to NSO the Netherlands. The black arrows in the figures indicate following the 

theoretical process and red arrows indicate deviating from the theoretical process. 
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Appendix Appendix Appendix Appendix UUUU: Definitions of Maintenance Performance Indicators (Parida : Definitions of Maintenance Performance Indicators (Parida : Definitions of Maintenance Performance Indicators (Parida : Definitions of Maintenance Performance Indicators (Parida 

et al., 2005)et al., 2005)et al., 2005)et al., 2005)    
This appendix provides an overview of all the identified performance indicators their definition 

by Parida et al. (2005). The Maintenance Performance Management (MPM) model contains 26 

PIs which are divided over 7 categories: Equipment and Process, Cost-related, Maintenance task-

related, Innovation, Customer satisfaction, Health and Safety and Employee satisfaction. At the 

end the MPM model, which categorizes the performance indicators over the relevant 

operational level. 

Category Performance indicator Definition 

Equipment 

related 

indicators 

Availability Uptime/(Uptime + Downtime)   

Impact of production rate Percentage of the production speed 

Impact of quality Overall equipment effectiveness (OEE) is the 
main benchmark and compares on availability, 
production rate and quality 

Number of small and big 
stops 

Number of small and big stops 

Down time for number of 
small and big stops 

Amount of time not available for production 

Rework Amount of time, quantity and cost of the total 
rework to restore quality of the product 

 

Category Performance indicator Description 

Maintenance 

task related 

indicators 

Change over time Amount of time needed for turning from stop 
to running 

Planned maintenance tasks 
(number/task) 

Quantity/Cost or Time required for preventive 
maintenance tasks 

Unplanned maintenance 
tasks (number/task) 

Quantity/Cost or Time required for corrective 
maintenance tasks 

Response time for 
maintenance 

Amount of time between reporting the 
required maintenance and the actual 
performance 
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Category Performance indicator Description 

Cost related 

indicators 

Maintenance cost/unit Maintenance cost divided over the total 
production volume 

Production cost/unit Production cost divided over the total 
production volume.  

Return on maintenance 
investment (ROMI) 

Returned earnings due to increased 
maintenance investment compared to a 
benchmark 

 

Category Performance indicator Description 

Customer 

satisfaction 

related 

indicators 

Number of quality 
complaints 

A direct measure of customer satisfaction, 
which is subjective and cannot be measured 
directly 

Quality 
return(number/quantity) 

Number of products returned due to quality 
issues 

Customer satisfaction Indirect way of customer satisfaction, 
measured normally by surveys.  

Customer retention Percentage of customers retained over the 
past period.  

Number of new customers 
added 

Number or percentage of new customers 
compared to a past figure 

 

Category Performance indicator Description 

Learning and 

growth 

related 

Number of new ideas 
generated 

Indicates the innovativeness, development and 
employee participation and motivation.  

Skills and competency 
development/training 

The amount spent on training, the number of 
training programs and how the skill is used to 
upgrade the competency 

 

Category Performance indicator Description 

Health safety 

and 

environment 

(HSE) 

Number of accidents Objective and direct indicator of safety 

Number of legal cases Objective safety indicator 

Number of compensation 
cases/paid 

Objective indicator of negligence 

Number of HSE complaints Indicator of compliance to guidelines 
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Category Performance indicator Description 

Employee 

satisfaction 

related  

Employee complaints Direct measure of employee satisfaction  

Employee retention Objective indicator of employee satisfaction 
and organizational culture 

 

MPM-model 

 

 

 

 

 



108 
 

 

Appendix V: Performance measurement framework (Muchiri et al., Appendix V: Performance measurement framework (Muchiri et al., Appendix V: Performance measurement framework (Muchiri et al., Appendix V: Performance measurement framework (Muchiri et al., 

2011)2011)2011)2011)    
Appendix V provides the performance measurement framework defined by Muchiri et al. (2011) 

and the leading and lagging PIs identified to measure the process and maintenance results. 
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Leading performance indicators  

Category Performance indicator Unit Description 

Work 

Identification 

Percentage of proactive work % Man-hours envisaged for proactive 
work/Total man hours available 

Percentage of reactive work % Man-hours used for reactive 
work/Total man-hours available 

Percentage of improvement 
work 

% Man-hours used for improvement 
& modification/Total man-hour 
available 

Work request response rate % Work requests remaining in 
‘request’ status for <5 days/Total 
Work requests 

Work planning Planning intensity/rate % Planned work / Total work done 

Quality of planning % Percentage of work orders 
requiring rework due to 
planning/All WO 

Planning responsiveness % Percentage of WO in planning 
status for <5 days/Total Work 
requests 

Work 

scheduling 

Scheduling intensity % Scheduled man-hours/ Total 
available man-hours 

Quality of scheduling % Percentage of WO with delayed 
execution due to material or man-
power 

Schedule realization rate % WO with scheduled date earlier or 
equal to late finish date/All WO 

Work 

execution 

Schedule compliance % Percentage of work orders 
completed in scheduled period 
before late finish date 

MTTR Hours Total Downtime/No. of failures 

Manpower utilization rate % Total Hours spent on tasks / 
Available Hours 

Manpower efficiency % Time Allocated to Tasks/Time 
spent on tasks 

Work order turnover % No. of completed tasks/ No. of 
received tasks 

Backlog size % No. of overdue tasks/ No. of 
received tasks 

Quality of execution % Percentage of maintenance work 
requiring rework 
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Lagging performance indicators 

Category Performance 

indicators 

Units Description 

Equipment 

performance 

# Failures # # of failures classified by their 
consequences 

Failure frequency #/time 
unit 

# Failures/ time unit 

MTBF Hours Mean time between failures 

Availability % MTBF/(MTBF+MTTR) = Uptime / 
(Uptime + Downtime) 

OEE % Availability * Performance rate * 
Quality rate 

Cost performance Direct maintenance 
cost 

€  Total corrective and preventive 
maintenance cost 

Breakdown severity % Breakdown cost/ Direct 
maintenance cost 

Maintenance 
intensity 

€/ unit 
production 

% of maintenance cost per unit 
of products produced 

% Maintenance cost 
component over 
manufacturing cost 

% % Maintenance cost / Total 
manufacturing cost 

Equipment 
replacement value 

% Maintenance cost / new 
condition value 

Maintenance stock 
turnover 

# Ratio of cost of materials used 
from stock 

Percentage cost of 
personnel 

% Staff cost/ total maintenance 
cost 

Percentage cost of 
subcontractors 

% Expenditure of subcontracting / 
Total maintenance cost 

Percentage cost of 
supplies 

% Cost of Supplies / Total 
maintenance cost 
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Appendix Appendix Appendix Appendix WWWW: Performance indicators in : Performance indicators in : Performance indicators in : Performance indicators in LiteratureLiteratureLiteratureLiterature    
This appendix provides an aggregated overview of the performance indicators and their 

meaning found in literature. Column 4 and 5 present, which paper identified the performance 

indicator. 

Category Performance 

indicator 

Meaning Parida 

et al. 

(2005) 

Muchiri 

et al. 

(2011) 

Service 

execution 

MTTR  Total Repair time/# Failures X X 

Manpower efficiency Time spent on tasks / Time 
Allocated to Tasks 

 X 

Manpower 
utilization rate 

Total Hours spent on tasks / 
Available Hours 

 X 

Quality of execution Percentage of maintenance work 
requiring rework  

X X 

Percentage of 
proactive work 

Relative quantity of preventive 
maintenance tasks 

X X 

Percentage of 
reactive work 

Relative quantity of corrective 
maintenance tasks 

X X 

Percentage of 
improvement work 

Man-hours used for improvement 
& modification/Total man-hour 
available 

 X 

Work order turnover No. of completed tasks/ No. of 
received tasks 

 X 

Response time for 
maintenance 

Amount of time between reporting 
the required maintenance and the 
actual performance 

X  

Backlog size No. of overdue tasks/ No. of 
received tasks 

 X 

Downtime Amount of time not available for 
production 

X  

Work request 
response rate 

Work requests remaining in 
‘request’ status for <5 days/Total 
Work requests 

 X 

Planning 
intensity/rate 

Planned work / Total work done  X 

Quality of planning Percentage of work orders 
requiring rework due to 
planning/All WO 

 X 

Planning 
responsiveness 

Percentage of WO in planning 
status/Total Work requests 

 X 

Scheduling intensity Scheduled man-hours/ Total 
available man-hours 

 X 
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Quality of 
scheduling 

Percentage of WO with delayed 
execution due to scheduling 

 X 

Schedule realization 
rate 

WO with scheduled date earlier or 
equal to late finish date/All WO 

 X 

Schedule compliance Percentage of work orders 
completed in scheduled period  

 X 

System 

performance 

Failures  Number of small and big stops X X 

Failure frequency # Failures/ time unit  X 

MTBF Mean time between failures  X 

Availability Uptime/(Uptime + Downtime)   X X 

OEE Overall equipment effectiveness 
(OEE) is the main benchmark and 
compares on availability, 
production rate and quality 

X X 

Impact of 
production rate 

Percentage of the production 
speed 

X  

Cost Direct maintenance 
cost 

Total corrective and preventive 
maintenance cost 

 X 

Breakdown severity Breakdown cost/ Direct 
maintenance cost 

 X 

Maintenance 
intensity  

Maintenance cost divided over the 
total production volume 

X X 

% Maintenance cost 
component over 
manufacturing cost 

% Maintenance cost / Total 
manufacturing cost 

 X 

Equipment 
replacement value 

Maintenance cost / new condition 
value 

 X 

Maintenance stock 
turnover 

Ratio of cost of materials used 
from stock 

 X 

Percentage cost of 
personnel 

Staff cost/ total maintenance cost  X 

Percentage cost of 
subcontractors 

Expenditure of subcontracting / 
Total maintenance cost 

 X 

Percentage cost of 
supplies 

Cost of Supplies / Total 
maintenance cost 

 X 

Production cost/unit Production cost divided over the 
total production volume.  

X  

Return on 
maintenance 
investment (ROMI) 

Returned earnings due to 
increased maintenance investment 
compared to a benchmark 

X  

Customer 

satisfaction 

Number of quality 
complaints 

A direct measure of customer 
satisfaction, which is subjective  

X  
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Quality return  Number of products returned due 
to quality issues 

X  

Customer 
satisfaction 

Indirect way of customer 
satisfaction, measured by surveys.  

X  

Customer retention Percentage of customers retained 
over the past period.  

X  

Number of new 
customers added 

Number or percentage of new 
customers compared to a past 
figure 

X  

Health and 

safety 

Number of accidents Objective and direct indicator of 
safety 

X  

Number of legal 
cases 

Objective safety indicator X  

Number of 
compensation cases 

Objective indicator of negligence X  

Number of HSE 
complaints 

Indicator of compliance to 
guidelines 

X  

Learning and 

growth 

related 

Number of new 
ideas generated 

Indicates the innovativeness, 
development and employee 
participation and motivation.  

X  

Skills and 
competency 
development 

The amount spent on training, the 
number of training programs and 
how the skill is used to upgrade 
the competency 

X  

Employee 

satisfaction 

related  

Employee 
complaints 

Direct measure of employee 
satisfaction  

X  

Employee retention Objective indicator of employee 
satisfaction and organizational 
culture 

X  
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Appendix Appendix Appendix Appendix XXXX: : : : Performance indicators used at OcéPerformance indicators used at OcéPerformance indicators used at OcéPerformance indicators used at Océ    
This appendix provides an aggregated overview of the performance indicators currently used at 

Océ. Column 4 and 5 present, which NSO makes use of the identified the performance indicator 

in the performance evaluation. 

Category Indicator Description DE NL 

Primary MCBF Mean Clicks Between Failure X X 

MTTR Mean Time To Repair: Mean time required 
for the service visit execution 

X X 

2nd visit rate The 2nd visit rate shows in how many percent 
of the cases, the same or another FST has to 
go back to finish the job. 

X X 

Secondary Customer hours Customer care hours, are hours spend 
visiting the customer, which are not a 
consequence of CM, PM, modifications and 
instructions 

 X 

Commercial work Reporting customer interest in new machines  X 

Following CARE The FST is instructed to work following the 
CARE process. Based on the escalation calls, 
the FSS can find out how well the FST 
adheres to the instruction 

 X 

Taking initiative Take initiative  X 

Taking 
responsibility 

Take responsibility  X 

IMAGE Dutch abbreviation of: Inspire, human, 
ambitious, driven and ethical 

 X 

Flexibility Be open for change   X 

Core focus results Be goal-oriented  X 

Core focus 
customer 

Be representative   X 

High accuracy 
standards 

Be detailed and thorough  X 

Parts cost Parts Usage The amount of money spend on parts X X 
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Appendix Appendix Appendix Appendix YYYY    ––––    Formulas for PI calculationsFormulas for PI calculationsFormulas for PI calculationsFormulas for PI calculations    
Individual performance indicators 

MTTRCM jobs for FST i: 

"��#$%	�&'(,� =	
∑$&))*+,�-*	(*)-�-*	.&/)(0

1/2'*)	&3	$%	�&'(0
  

PM efficiency for FST i and job k: 

"����4��	�55
�
�����,6 =
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	�	��	
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��������	�
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"����4��	�55
�
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�
�����,6
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2nd visit rate for FST i: 

2?@	

�	����� = 1 −
<�����	�5	�"	=���
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Parts usage for FST i and CM job l: 

����	��B�� =
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Team performance indicators 

The team performance indicators are calculated by using a contribution ratio for a FST for each 

machine. This contribution ratio for FST i and machine m is calculated by: 

�����
���
��	���
��,2 =
<�����	�5	�"	=���,2 +<�����	�5	�"	=���,2
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PM Ratio for FST i and machine m: 
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Uptime for FST i: 

H��
��2 = 1 −
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MCBF for FST i: 
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Average total cost for FST i: 
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Appendix Appendix Appendix Appendix ZZZZ    ––––    Contingency graphsContingency graphsContingency graphsContingency graphs    
This appendix provides the resulting contingency lines designed by the ProMES steps. 

Team performance indicators 
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Individual performance indicators 
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Appendix AAppendix AAppendix AAppendix AAAAA    ––––Correlation overview “Use of the DSS and execution of Correlation overview “Use of the DSS and execution of Correlation overview “Use of the DSS and execution of Correlation overview “Use of the DSS and execution of 

activities”activities”activities”activities”    
This appendix provides the correlation overview of significant result for Pearson’s r correlation 

test and Spearman’s rank correlation test regarding the execution of activities for PM and CM 

service visits and the PSC scores for the service visits. For all correlations marked in red, not all 

assumptions regarding the test are met. 

Spearman’s rank and Pearson’s r correlation test for execution of activities during PM 

visits 

Spearman 

and Pearson 

PM-activity MCBF PM ratio Overall 

  Pearson Spearman Spearman Pearson Spearman 

Preparation ORS-Review 
maintenance task 

0,471 
p=.048 

    

Determine 
solution 

    0,561 
p=.015 

Service visit Interview the 
customer  

 -0,492 
p=.038 

   

PRISMAsync - 
Review mediatype 

 -0,492 
p=.038 

   

Check customer 
story 

    0,469 
p=.049 

ADAM- Review 
error overview  

    0,486 
p=.041 

DF- Use DF  -0,548 
p=.019 

-0,547 
p=.019 

-0,473 
p=.047 

  

ADAM- Report 
parts used  

   0,488 
p=.040 

 

 

Spearman’s rank and Pearson’s r correlation test for PSC scores during PM visits 

 PM- PSC step MCBF  Overall 

  Pearson Spearman Spearman 

Service 

visit 

Problem definition    0,491 p=.038 

Analysis and diagnosis  -0,484 p=.042 -0,576 p=.0123  
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Pearson’s r correlation test for execution of activities during CM visits 

Pearson CM-activity Average 

cost 

Parts 

usage 

PM ratio MTTR 2nd visit 

rate 

Overall 

Preparation Fix call via 
phone  

 0,519 
p=.027 

    

Temporary  
fix via phone  

-0,660 
p=.003 

 -0,794 
p=8.3e-5 

   

Check part 
availability  

 0,495 
p=.037 

    

Service visit PRISMAsync 
-Verify 
mediatype 

 0,515 
p=.029 

    

Check 
customer 
story 

    0,594 
p=.009 

 

PRISMAsync 
Reproduce 
the problem 

 0,644 
p=.004 

 0,515 
p=.029 

0,513 
p=.029 

 

ADAM- 
Review error 
overview 

   0,607 
p=.008 

 0,526 
p=.025 

ADAM- Link 
error codes 
to problem  

    0,611 
p=.007 

 

DF- Use DF      -0,493 
p=.037 

ADAM- 
Review 
maintenance 
tasks  

   0,524 
p=.025 

  

SDS- Use 
SDS test  

 0,522 
p=.026 

   0,549 
p=.018 

TSM- Fix with 
TSM  

 0,591 
p=.010 

 0,546 
p=.019 

  

ADAM- 
Report parts 
used 

   0,574 
p=.012 

 0,531 
p=.023 

Call 
colleague  

     -0,551 
p=.018 
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Spearman’s rank correlation test for execution of activities during CM visits 

Spearman CM-activity Average 

cost 

Parts 

usage 

MCBF PM 

ratio 

MTTR 2nd 

visit 

rate 

Overall 

Preparation ORS- Review 
maintenance 
tasks 

 0,532 
P=.023 

     

TSM- Review 
parts for PM 

 0,490 
P=.039 

     

ORS- Review 
error 
overview 

    0,584 
P=.011 

  

TSM- Review 
TSM 
instructions 

    0,543 
P=.020 

  

Review visual 
image 

 0,503 
P=.033 

     

Temporary fix 
via phone 

-0,737 
P=.0005 

  -0,764 
P= 
.0002 

  -0,563 
P=.015 

Check part 
availability  

 0,549 
P=.018 

     

Service visit Interview the 
customer 

     0,512 
P=.03
0 

 

PRISMAsync 
-Verify 
mediatype 

 0,493 
P=.038 

-0,521 
P= 
.027 

-0,537 
P= 
.022 

   

Check 
customer 
story 

     0,610 
P= 
.007 

 

PRISMAsync 
Reproduce 
the problem 

 0,649 
P=.004 

  0,603 
P=.008 

0,518 
P= 
.028 

 

ADAM- 
Review error 
overview 

    0,516 
P=.028 

0,494 
P= 
.037 

 

ADAM- Link 
error codes 
to problem  

     0,560 
P= 
.016 

 

DF- Use DF   -0,474 
P= 
.047 
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ADAM- 
Review 
maintenance 
tasks  

 0,516 
P=.028 

  0,519 
P=.027 

  

SDS- Use 
SDS test  

 0,525 
P=.025 

    0,473 
P=.047 

TSM- Fix with 
TSM  

 0,648 
P=.004 

     

ADAM- 
Report 
valuable info  

     0,468 
P= 
.050 

 

Call 
colleague  

      -0,550 
P=.018 

 

Pearson’s r correlation test for PSC scores during CM visits 

Pearson CM- PSC step Average 

cost 

Parts 

usage 

MCBF PM 

ratio 

MTTR 2nd 

visit 

rate 

Overall 

Preparation Implementation 
of solution 

-0,636 
p=.005 

0,683 
p=.002 

 -0,754 
p= 
.0003 

   

Service visit Problem 
definition 

 0,511 
p=.030 

-0,603 
p=.008 

    

Implementation 
of solution 

 0,590 
p=.010 

  0,544 
p=.020 

  

Evaluation       0,500 
p=.035 
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Spearman’s rank correlation test for PSC scores during CM visits 

Spearman CM- PSC step Average 

cost 

Parts 

usage 

MCBF PM 

ratio 

MTTR 2nd 

visit 

rate 

Overall 

Preparation Analysis and 
diagnosis 

 0,626 
P=.005 

     

Implementation 
of solution 

-0,661 
P=.003 

0,629 
P=.005 

 -0,744 
P= 
.0004 

   

Service visit Problem 
definition 

  -0,625 
P= 
.006 

    

Implementation 
of solution 

 0,648 
P=.004 

     

Evaluation      0,558 
P=.016 

0,482 
P=.043 
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Appendix AAppendix AAppendix AAppendix ABBBB    ––––    Correlation overview Correlation overview Correlation overview Correlation overview ““““TimeTimeTimeTime    allocationallocationallocationallocation””””    
This appendix provides the correlation overview of significant result for Pearson’s r correlation 

test and Spearman’s rank correlation test regarding the time spend on different stages of the 

CARE process during CM visits. For all correlations marked in red, not all assumptions regarding 

the test are met. 

Time allocation Parts use 

 Pearson Spearman 

Analyze stage -0,631 p=.0065 -0,569 p=.0172 

Analyze% stage -0,599 p=.011 -0,483 p=.0495 

 

Appendix AAppendix AAppendix AAppendix ACCCC    ––––    Correlation overview Correlation overview Correlation overview Correlation overview ““““preparation effectivenesspreparation effectivenesspreparation effectivenesspreparation effectiveness””””    
This appendix provides the correlation overview of significant result for Pearson’s r correlation 

test and Spearman’s rank correlation test regarding the certainty of FSTs about the problem and 

solution after the preparation is performed. For all correlations marked in red, not all 

assumptions regarding the test are met. 

 Parts usage 

 Pearson Spearman 

No idea about what the problem is or 

how to solve the problem 

-0,514 p=.029 -0,477 p=.045 

Appendix AAppendix AAppendix AAppendix ADDDD    ––––    Correlation overview Correlation overview Correlation overview Correlation overview ““““DSS suggestion adherenceDSS suggestion adherenceDSS suggestion adherenceDSS suggestion adherence””””    
This appendix provides the correlation overview of significant result for Pearson’s r correlation 

test and Spearman’s rank correlation test regarding error codes solved during service visits. The 

first table shows the results regarding FSTs who solve error codes and the second table the 

results regarding machines for which error codes are solved. The correlations in the last table 

show the effects of postponing PM tasks on the machine performance. For all correlations 

marked in red, not all assumptions regarding the test are met. 

Individual MRE done% 

 Pearson Spearman 

Average maintenance cost 0,371  p=.048  

2nd visit rate 0,370 p=.049 0,387 p=.038 

 

 

 

 



125 
 

Team Average maintenance cost 

 Pearson Spearman 

MRE% -0,428 p=.023 -0,376 p=.0487 

Warning% -0,400 p=.034  

Total% -0,396 p=.0369  

 

 PM ratio Average cost 

 Pearson Spearman Pearson 

Average number of days quarterly 

maintenance is postponed 

-0,377 
p=.048 

-0,514 
p=.005 

 

20 million   -0,438 p=.036 

 

Appendix AAppendix AAppendix AAppendix AEEEE----    Correlation overview Evaluation effortCorrelation overview Evaluation effortCorrelation overview Evaluation effortCorrelation overview Evaluation effort    
This appendix provides the correlation overview of significant result for Pearson’s r correlation 

test and Spearman’s rank correlation test regarding the Evaluation effort of FSTs. The first table 

shows the results regarding FSTs who fill in free text to describe the problem and solution of a 

service visit. The second table presents the results regarding machines for which error codes are 

solved. For all correlations marked in red, not all assumptions regarding the test are met. 

Individual MTTR MCBF PM ratio Average 

maintenance cost 

 Spearman Pearson Spearman Pearson Spearman Pearson Spearman 

Free text 

“Solution 

description” 

-0,419 
P=.024 

0,433 
p=.019 

0,453 
p=.014 

0,609 
p=.005 

0,648 
P=.0001 

0,440 
p=.017 

0,436 
p=.018 

Free text 

total 

 0,408 
p=.028 

0,455 
p=.013 

0,516 
p=.004 

0,559 
p=.0016 

0,401 
p=.031 

 

 

Team MCBF PM ratio 

 Pearson Spearman Pearson Spearman 

Free text “Solution 

description” 

0,400 
p=.035 

0,425 p=.025 0,595 
p=.0008 

0,490 
p=.008 

 


