
 Eindhoven University of Technology

MASTER

Identifying and communicating risks in user behaviour with new equipment in radiotherapy
a redesign oriented case-study based on patient safety at MAASTRO clinic

Weterings, J.

Award date:
2007

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/8a7969b9-3ab5-4062-9bce-eb655afd03cf


 

 Eindhoven, August 2007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B.Sc. Industrial Engineering and Management Science – TU/e (2004) 

Student identity number: 0510796 

 

 

 

in partial fulfilment of the requirements for the degree of 

 

Master of Science 

in Operations Management and Logistics 
 

 

 

 

 

 

 

 

 

 

Supervisors TU/e:         Supervisor MAASTRO CLINIC: 

Dr. T.W. van der Schaaf, TU/e, HPM       P.M.J. Reijnders-Thijssen M.A. 

Dr.ir. P.H. den Ouden, TU/e, QRE 

Identifying and communicating risks in user 

behaviour with new equipment in 

radiotherapy 
 

- a redesign oriented case-study based on patient  

safety concepts at MAASTRO CLINIC - 

 

by 

Jasper Weterings 

 



 

TUE. Department Technology Management. 

Series Master Theses Operations Management and Logistics, nr.10 

 

 

ARW 2007 OML / 10 

 

 

 

 

 

 

 

 

 

 

 

 

NUR 804 

Subject headings: safety, patient care, health care . Netherlands, human learning, product 

quality . design, man-machine systems   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Identifying and communicating risks in user behaviour with new equipment in radiotherapy August 2007 

     III 

Abstract 
 

This report is the result of a project that has been carried out at MAASTRO CLINIC in Maastricht in 

the light of patient safety improvement. This project is performed as the final part of the Operations 

Management & Logistics Master’s Degree Program of the Eindhoven University of Technology. By 

means of a case-study a method has been developed to identify and communicate risks in user 

behaviour with new equipment. In consultation with Siemens Medical, MAASTRO CLINIC, and the 

Eindhoven University of Technology an implementation design has been constructed to establish an 

effective communication of these risks from users to manufacturers in radiotherapy.  
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Executive Summary 
 

This report is the result of a project that has been carried out as the final part of the Operations 

Management & Logistics Master’s Degree Program of the Eindhoven University of Technology. The 

project has been performed at MAASTRO CLINIC in Maastricht. The following problem was 

formulated: 
 

There is no insight at MAASTRO CLINIC into what and in which way information can be 

communicated to Siemens Medical in order to improve the quality and safety of future products.  
 

Based on this problem formulation five research questions have been determined and answered in this 

study:  
 

1. What type of information is useful for Siemens Medical to improve the quality and safety of both 

processes and equipment, is available at MAASTRO CLINIC, and is not communicated in the current 

situation?(Section 2.5 – Chapters 4 & 10) 

• Information about workarounds and solutions from users to eliminate this behaviour is useful for 

improving both processes and equipment. 

• Information about (analyzed) workarounds was not communicated in the current situation. 
 

2. How can this type of information be extracted from MAASTRO CLINIC? (Chapters 6, 7 & 10)  

• It has been found that the PRISMA database cannot be used to identify and extract workaround 

information from the organization. 

• Workaround descriptions can be identified from the organization by using semi-structured 

interviews with radiation technologists. 
 

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

4. How could this information be processed for communication purposes with Siemens Medical? 

(Section 9.2 - Chapters 8 & 10) 

• From the case-study it has become clear that the workaround descriptions needed further analysis 

to gather details about the workarounds and solutions to eliminate them. 

• It has been found that the SAFER method is applicable to analyze workaround descriptions.  
 

5. Is the information flow at Siemens Medical organized effectively for receiving user information?   

If not, how can it be (re)designed to make it effective for communication purposes with users? 

(Section 9.1 - Chapters 5 & 10) 

• It has been found that the current information flow at Siemens Medical is not designed optimally 

for communication purposes with users. 

• A redesign project has been initialized to improve the performance of the information flow and 

provide effective feedback to user input. 
 

This project has led up to the following (concrete) results: 

• A method to identify and analyze workarounds within a radiotherapeutic institution (Section 9.2 - 

Appendix F.2). 

• Interview guide to identify workarounds within the organization (Appendix D.1.3). 

• 22 organizational workaround descriptions (Appendix D.3.1). 

• Four individual workaround descriptions (Appendix D.3.2). 

• Results of the analyses of four organizational workarounds (Section 8.1.2 - Appendix E). 

• 31 proposed solutions to improve the quality and safety of both processes and equipment 

(Appendix E.2.1). 

• Implementation design for redesign of the information flow at Siemens Medical to improve 

communication with MAASTRO CLINIC (Sections 9.1 & 9.3 - Appendix F.1). 

• Awareness of the existence of workarounds due to imperfections of processes and equipment has 

been developed among members of the organization. 
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Summary 
 

Introduction 
MAASTRO CLINIC is a radiotherapeutic institution that treats patients who suffer from cancer in the 

south and south-east of the Netherlands. Next to the treatment of patients, MAASTRO CLINIC 

performs research on treatment techniques, treatment effects, and patient safety. On the latter, 

MAASTRO CLINIC is a leading institution in the Netherlands in using patient safety methods to 

improve performance.  

 Patient safety is a widely discussed topic in the Netherlands. Since the publication of the 

report ‘To Err is Human’ in 1999 the health care industry was rudely awakened (Kohn, et al., 2000). 

This report revealed that between 44,000 and 98,000 Americans die each year from preventable 

medical mistakes and many more suffer from injuries.  

 Recently, an investigation into these figures for the Dutch health care industry was carried out 

and it revealed that more than 1700 patient die from preventable medical mistakes in the Netherlands 

(De Bruijne, et al., 2007). In order to half these figures, some institutions in the Dutch health care 

industry have developed a safety management system which now will be mandatory for all Dutch 

health care institutions in 2008. This safety management system, among other things, consists of (at 

least) a retrospective and prospective analysis of incidents and processes (Website IGZ, 2007). 

 Moreover, it was found by researchers that most medical mistakes are made by humans when 

using equipment. Mostly, the causes for problems that occur are (1) the complexity of the equipment, 

(2) the conditions in which they are operated, and (3) the different mindsets of designers compared to 

users (Design Council, 2003; Drake, 2002). 

 Since (almost) all equipment within a medical department needs to be operated by humans, it 

makes sense to combine human factors (concepts) with the design of NPD process (Lewis, 1996; 

Ulrich & Eppinger, 2000; Ward & Clarkson, 2004). This eventually can increase the quality of the 

equipment, reduce the opportunities for failures with equipment, and increase patient safety.  

In order to reduce the user-interface problems it is important to enhance the focus on human 

factors engineering in designing new equipment and use input from users to improve quality and 

safety (Design Council, 2003; Ulrich & Eppinger, 2000). “The goal is to integrate the device into the 

customer’s life, so it seamlessly and easily helps them achieve their desired medical outcomes” 

(Drake, 2002, p. 16). This is, of course, helping patients without harming them during the treatment 

process. 
 

Current situation 
At this moment, MAASTRO CLINIC has implemented all required parts of the safety management 

system as determined by the inspectorate. However, MAASTRO CLINIC is willing to expand their 

patient safety level beyond the mandatory requirements.  

 One of the reasons to purchase new equipment from Siemens Medical is that they provide the 

opportunity for MAASTRO CLINIC to further increase safety of the equipment by participating in the 

research and design of the newest equipment.  

 At the beginning of 2007 the implementation of the new equipment into the entire 

organization was completed. Now the movement is completed, research projects to investigate 

cooperation opportunities have started. The current communication between MAASTRO CLINIC and 

Siemens Medical solely involves equipment failures. The risk and safety department, now, wants to 

extend this cooperation with Siemens Medical in order to increase the quality and safety of the 

equipment by cooperating on new product development.  

Based on the analysis of the current situation with respect to the cooperation between 

MAASTRO CLINIC and Siemens medical, for this project the following problem was formulated: 
 

There is no insight at MAASTRO CLINIC into what and in which way information can be 

communicated to Siemens Medical in order to improve the quality and safety of future products.  
 

Subsequently, five research questions were developed that need to be answered by this case-study: 
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1. What type of information is useful for Siemens Medical to improve the quality and safety of both       

    processes and equipment, is available at MAASTRO CLINIC, and is not communicated in the current     

    situation? 

2. How can this type of information be extracted from MAASTRO CLINIC?  

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

4. How could this information be processed for communication purposes with Siemens Medical? 

5. Is the information flow at Siemens Medical organized effectively for receiving user information?   

   If not, how can it be (re)designed to make it effective for communication purposes with users? 
 

Method 
The project is demarked because of the complexity and diversity of the processes at MAASTRO 

CLINIC. It was decided to focus solely on processes related to the linear accelerator. In addition, an 

initial analysis revealed a specific type of information that (1) was not communicated to Siemens 

Medical, (2) is human factor related, and (3) can indeed inhibit useful information to improve both 

processes and equipment on quality and safety, as has been discussed in the introduction. This type of 

information is workarounds, which are defined as: 
 

A self-developed change of a work process that is deviant from the process as described by the 

organization, the manufacturer, or other parties and widely accepted among employees. 
 

In order to extract workaround descriptions from MAASTRO CLINIC, the semi-structured interview 

technique has been used. In consultation with members of MAASTRO CLINIC the workaround 

descriptions were formulated.  

 Consequently, these descriptions of workarounds need to be analyzed in order to identify 

useful information (e.g., causes, solutions, actions) for communication with Siemens Medical. In 

order to analyze the descriptions of workarounds it was decided, in consultation with the supervisors, 

to use SAFER. Due to resource constraints of the case-study a subset of workaround descriptions has 

been created for analysis with SAFER. 
 

Results 
Interview results 

The interviews resulted, among other things, in the identification of 50 indications for workarounds 

from the three units of MAASTRO CLINIC. By combining these indications and consulting members 

of MAASTRO CLINIC a set of 22 organizational and four individual workarounds on the processes 

related to the linear accelerator were formulated. Due to resource constraints only the organizational 

workarounds will be investigated further.   
 

SAFER results 

A subset from the list of 22 organizational workaround descriptions has been created. This subset 

consists of four workaround descriptions, which will be analyzed by using SAFER. The results from 

the SAFER sessions can be found in Table 1 below. 
 

 

WA 

# 

Failure 

modes 

 

# 

Causes 

# 

Descriptions 

of action 

# 

Unique descriptions 

of action 

3 15 48 13 7 

4 8 19 13 4 

10 15 45 20 10 

12 18 49 22 10 

Total 56 161 68 31 
Table 1: Overview of results of the SAFER analyses on organizational workarounds 
 

From the 31 unique descriptions of actions, a total of 12 described actions are proposed for internal 

improvements at MAASTRO CLINIC. The remaining 19 described actions are transformed into 

requests for Siemens Medical for redesign of current equipment. 
 

Implementation design 
At Siemens Medical a redesign has been started to improve the information flow from customers to 

their NPD department. This redesign has resulted in the addition of a database called the VOiCe of the 

customer, in which customers can submit requests for (re)design. In addition, the handling of the 
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requests will be transparent for the customer due to the provision of adequate feedback about 

submitted request.  

It should be noted that the requests that can be submitted cannot be complaints or inconveniences and 

should have sufficient arguments for integration of the request in future product designs. 

 In order to extract information from a customer site, like e.g., MAASTRO CLINIC, a method 

has been developed which will assist a customer in extracting and analyzing useful information and 

will enable them to submit requests with sufficient foundations. By developing this method a solution 

for the problem statement of this project has been created. The method was developed by following 

the steps which were taken by the researcher in the case-study. The resulting method is shown in 

Table 2 below. 

 

 

 

 

 

 

 
Table 2: Process steps of the SUBMIT method  
 

Conclusions 
1. What type of information is useful for Siemens Medical to improve the quality and safety of both 

processes and equipment, is available at MAASTRO CLINIC, and is not communicated in the current 

situation? 

From the analysis of the case-study it can be concluded that information about self-developed 

processes (i.e., workarounds) is not communicated in the current situation and has the potential to 

provide useful information to improve the quality and safety of current equipment designs. 
 

2. How can this type of information be extracted from MAASTRO CLINIC?  

It can be concluded that the application of the semi-structured interview technique can be used to 

extract information about workarounds from the organization. The information provided by the 

interviews is sufficient to formulate workaround descriptions. 
 

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

4. How could this information be processed for communication purposes with Siemens Medical? 

These two questions can be combined in this concluding section. It found to be necessary to analyze 

these descriptions to gather details (e.g., causes, solutions, actions) for both improving processes at 

MAASTRO CLINIC and cooperation with Siemens Medical. It can be concluded that, at this moment, 

only organizational workarounds can be analyzed. For analysis of these workarounds, the SAFER 

method has been found to be applicable since: 

• workarounds are processes which can be analyzed using a prospective method; 

• the SAFER method is a familiar method for MAASTRO CLINIC; 

• the SAFER method results in different types of useful information (e.g., causes, actions);  

• the results of this case-study show practical results using this technique. 
 

5. Is the information flow at Siemens Medical organized effectively for receiving user information?   

If not, how can it be (re)designed to make it effective for communication purposes with users? 

It should be noted that this question is specifically related to the information flow for the input of the 

NPD process of Siemens Medical. It can be concluded that the current input is not managed 

effectively. Important input from users is transferred to many different systems within Siemens 

Medical and it is unclear to customers what has been done with their provided information.  

 However, at Siemens Medical the understanding of the importance of customer input has 

been developed. In order to manage the requests from customers in a more efficient manner and use 

the information during their NPD process a new information flow has been designed. At this moment, 

the conceptual redesign of the information flow, in which all useful information will be stored in the 

requirements management systems and in which feedback will be provide to the customers about their 

request, is (almost) available for implementation.  

Process Description 

Step 1 Topic selection 

Step 2 Process descriptions 

Step 3 Interviews 

Step 4 Description & Verification 

Step 5 Analysis of workarounds 

Step 6 Transformation & Submitting 
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Chapter 1. Introduction 

 

In this chapter the research area in which this project should be placed is discussed first. 

Second, the subject of this study is presented. Third, some important concepts of the research 

area are explained. Finally, for the sake of clarity, the layout of this thesis in relation to the 

research phases is provided. 

1.1 Safety 

The issue of safety is already part of a serious discussion for many years in many complex 

and risky industries like, for example, the chemical and transportation industries. In the 70s 

and 80s several reports about large accidents (e.g., the Bhopal accident) within these 

industries were published. These reports have been the motive for many countries to tighten 

up their legislations with regard to safety. In these industries, safety management systems are 

implemented in order to accommodate the topic of safety within their entire organization.  

 Unfortunately, the development of such systems in the health care industry is lagging 

behind, but, since the publication of the report ‘To Err is Human’ in 1999, the health care 

industry was rudely awakened and started catching up (Kohn, et al., 2000).  

1.2 Patient safety 

The health care industry is facing a new era in which the safety of patients is becoming 

increasingly important. Health care institutions need to achieve better quality and have to 

make fewer mistakes that could cause injuries or even death to patients (Chignell, et al., 2006; 

Clarkson, et al., 2004; Design Council, 2003; Klazinga, et al., 2001; Kohn, et al., 2000; 

Priselac, 2003).  In 1998, the President’s Advisory Commission on Consumer Protection and 

Quality in the Health Care Industry identified areas in need of improvement relative to 

medical errors and health services. In addition, the Institute of Medicine released its study, 

‘To Err is Human’, in 1999, which reported a high incidence of preventable medical errors 

and garnered widespread media attention. The report showed that between 44,000 and 98,000 

Americans die each year from preventable medical errors and, thus, that such incidents 

account for more deaths than motor vehicle accidents or AIDS (Kohn, et al., 2000; O’Connor 

and Fiol, 2005; Priselac, 2003). Moreover, there are many more patients that experience some 

kind of incident without being injured or dying (i.e., experience near-misses). These near-

misses are incidents recovered in time, but are seen as a threat to patients as well by safety 

researchers (Reason, 1991; Van der Schaaf, 1992; Van der Schaaf, et al., 1991).  

Translating the figures from the U.S. to the Dutch health care industry means that in 

the Netherlands approximately 1500 to 6000 patients die because of (preventable) medical 

errors, even more are injured (Graatsma, 2002), and many more patients experience near-

misses. 

 Because of this increasing interest in patient safety and the awareness of preventable 

medical errors by Dutch health care institutions, but also by Dutch politicians, the research in 

this area is particularly interesting.  

1.2.1 Recent developments in patient safety in the Netherlands 

In April 2007 a report by the Dutch institutions for research in the health care industry (Dutch: 

NIVEL), commissioned by the order of medical specialists, was published. In this report the 

results of an investigation into the actual number of deaths, due to (preventable) medical 

mistakes, was presented. It was concluded that, today, more than 1700 patients die every year 

from these preventable errors (De Bruijne, et al., 2007). This conclusion has triggered the 
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Dutch health care inspectorate and politicians to speed up the discussion on patient safety and 

the implementation of new plans. 

 The minister of Dutch Public Health, Welfare, and Sports determined that the number 

of preventable errors, causing both injuries and deaths, should be halved during the next five 

years. In order to achieve this goal, some institutions in the Dutch health care industry have 

introduced a safety management system (Dutch: VMS). In 2008 all Dutch health care 

institutions will be obliged to have such a safety management system implemented within 

their organization (Website NRC, 2007). This safety management system will consist of (at 

least) a retrospective and prospective analysis of incidents and processes (Website IGZ, 

2007).  

1.3 The project  

This project was conducted in the form of a case-study in a health care institution called 

MAASTRO CLINIC. This institution treats patients, who suffer from cancer, using 

radiotherapy. At MAASTRO CLINIC an extensive safety program to protect both their 

employees and patients has been implemented for years. MAASTRO CLINIC already has 

implemented all required parts of the safety management system. Therefore, they are found to 

be a leading institution on patient safety research and implementation in the Netherlands.  

MAASTRO CLINIC uses both retrospective and prospective analysis methods to 

analyse their incidents and processes since 2003. Their wish is to extend their leading 

position on patient safety by conducting more research, exploring more opportunities to make 

processes safer, and implementing new concepts and methods. 

Since 2005, MAASTRO CLINIC has been using new equipment provided by Siemens 

Medical. The transition to this new equipment has introduced new problems to MAASTRO 

CLINIC, including human factor problems related to the design of the new equipment, design 

of new processes, and compatibility with other equipment. The usage of the new equipment is 

found to cause new opportunities for incidents, near-misses, and accidents to develop and, 

thus, threaten patient safety.  

In the light of recent developments on patient safety in the Dutch health care this 

project will extend the implementation of a safety management system beyond the minimal 

requirements as presented by the inspectorate. One of the reasons to change to new 

equipment from Siemens Medical is that they did offer the opportunity to expand their 

cooperation beyond a normal user-manufacturer relationship by declaring MAASTRO CLINIC 

as one of its three reference sites. This provides the opportunity to conduct extensive research 

on the new equipment of Siemens Medical to technical advancements, treatment changes, and 

safety improvements of both equipment and processes.   

One of the main difficulties at MAASTRO CLINIC is the usage of the new equipment 

from Siemens Medical by employees. Therefore, the goal of this research is to identify these 

problems. In addition, MAASTRO CLINIC, as a reference site, has the opportunity to feedback 

this information to the Siemens Medical engineers. For this feedback of information from 

MAASTRO CLINIC to Siemens Medical a solution will be designed. The outcomes of this 

project can be used by Siemens Medical to improve the quality and safety of equipment. At 

this moment a feedback mechanism from MAASTRO CLINIC to Siemens Medical is (partly) 

installed, but it has to be evaluated whether this will be sufficient for the purpose of this 

project.  
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1.4 Framework of definitions for patient safety 

Because patient safety concepts and the understanding of their relationship is important for 

understanding discussions presented in this project, they will be discussed in this section.  

1.4.1 Incidents, near-misses, and accidents 

In the previous sections, the concepts of incidents, near-misses, and accidents have been 

mentioned. Since the difference between these concepts is important for the understanding of 

parts of this project, these concepts (and their mutual relationships) are discussed in this 

section. 

An incident is an event that happened due to unsafe behaviour or an error. After an 

incident has developed there are two options; (1) it is possible that the incident is noticed and 

recovered before it can develop or (2) the incident is not recovered and an accident occurs.  

When adequate recovery takes place, the system will be restored to its normal status 

and the incident will become a, so called, near-miss. However, the chance of recovery by 

human intervention often depends on the flexibility, creativity, experience, and intuition of 

the person involved. Moreover, when no adequate recovery is provided, an accident occurs. 

A model developed by Van der Schaaf (1992) shows a graphical representation of these 

relationships (See Figure 1.1). 
 

  
Figure 1.1: Incident causation model (Van der Schaaf, 1992) 
 

As can be seen in the figure, every incident is preceded by a dangerous situation for which no 

adequate defenses are in place. In addition, these dangerous situations are preceded by 

failures on a technical, human operator, and organizational level, which form the base of the 

chain of events.  

 In order to get insight into the (failure of) defenses, near-misses, and accidents 

incident analyses methods have been developed. In incident analysis, the causes of the 

developed incidents are identified using, for example, a causal tree. Important concepts 

related to this incident analysis will be discussed in the following section.  
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1.4.2 Symptoms, causes, and root causes 

In order to complete the explanation of concepts of incidents and incident analysis, the 

concepts of symptoms, causes, and root causes have to be discussed.  

 The term symptom is used to describe a near-miss or accident that actually took place. 

In the analysis of the incident this event is called the top-event which is presented on top of 

the causal tree. At the bottom of the causal tree the root causes are presented. All errors made 

because of a certain root cause (directly or indirectly), leading to an incident, are called 

causes (Van Vuuren, 1998). An example of a causal tree in which the three terms (and their 

relations) are shown can be seen in the Figure 1.2. 
 

 
Figure 1.2: Example of a causal tree of an incident (MERS TM, 2001)  
 

Although the root causes are on the bottom of the causal tree and are identified as the 

absolute beginning of the incident causation, it should be noted that this is not true for all 

cases. The term root cause only implies that the analysis was stopped at this point because no 

objective information is available to continue the analysis or because the boundaries of the 

organization are reached.  

 With the explanation of these concepts from patient safety research and their 

relationship, the understanding of the discussions in the following chapters will be improved. 

1.5 Framework of definitions for the input of new product development 

Since this project is executed in cooperation with Siemens Medical and related, especially, to 

their equipment, it is important to start off at the base (i.e., the development). Every product 

that comes to the market is devised using some kind of process (i.e., the new product 

development (or for short: NPD) process). There are (many) different types of NPD processes, 

depending on the market in which the manufacturer is operating, the kind of product that is 

developed, the speed in which the product has to be introduced to the market, and (many) 

more reasons (e.g., Minderhoud and Brombacher, 2005; Minderhoud and Fraser, 2005; 

Ulrich and Eppinger, 2000). 

  Every product that is developed, is started because of market needs which serves as 

input for the NPD process, so called customer
1
 needs. In order to make customer needs 

understandable to engineers, these needs are translated into specifications. The difference is 

                                                 
1
 Note that in this thesis the terms user and customer are used interchangeably. 
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that specifications are measurable details about what a product has to do, while customer 

needs are about how the customer would like the product’s possibilities (Ulrich & Eppinger, 

2000). The gathering of this information is (often) the first step in the NPD process. 

Information can be gathered through many resources (e.g., technical papers, technicians, 

databases, users). From the list of specifications a product is developed in the form of a 

concept. This concept needs to tested, because the product needs to be validated on its design 

and capabilities.  

 However, the real test comes after the product has been launched onto the market. 

Then customers work with the product in their environment and human factor issues will 

come into play. In many industries the feedback from customers is essential for the 

manufacturers and designers. With this information they can redesign the next generation of 

products. To be able to use the feedback it is important to develop an efficient information 

flow from the users to the manufacturer and, especially, to the NPD departments.  

Although involvement of information from human factor, internal customer, and other 

research in the information flow is widely accepted as a standard in industries like aviation 

and consumer electronics, this involvement has been less adopted in the medical industry. 

Researchers recognize the importance, however, of this involvement in this industry as well 

(e.g., Buckle, et al., 2006; Design Council, 2003; Sawyer, 1996). Many suggestions are 

provided by researchers to integrate user information into the NPD process (e.g., Kaulio, 

1998). However, as with the recognition of safety issues (as mentioned before), the medical 

industry is lagging behind on implementing these opportunities as well. This discussion will 

be continued in Section 3.3. 

1.6 Thesis layout 

To achieve the goal of this project, the regulative cycle of Van Strien (1975) has been used as 

a research methodology. In Table 1.1 the different phases of the regulative cycle are 

presented in the first column, a short description of each stage is provided in the second 

column, and in the third column the accompanying chapters are presented. 
 

Regulative cycle Description Chapter(s) 

Problem definition Problem identification, problem definition, research questions, study design 1, 2, 3 

Analysis & Diagnosis Demarcation, analysis, generation of solutions, solution selection 4, 5, 6, 7 

Solution  Consequence and detail of the chosen solution 8 

Implementation Implementation of the solution 9 

Evaluation Evaluation of the solution's effect  
Table 1.1: The chapter division according to the regulative cycle of Van Strien (1975)  
 

The conclusions and recommendations are discussed in Chapter 10. 
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Chapter 2. The companies 

 

In this chapter, the organization in which this project was performed, called MAASTRO 

CLINIC, is discussed in detail. In this organization the greatest part of the project was executed. 

First, some background information about the organization will be discussed. Second, since 

the focus of this project is on the new equipment that is used by MAASTRO CLINIC this will 

be elaborated upon. Third, MAASTRO CLINIC is leading on patient safety areas, as mentioned 

before, therefore the efforts of MAASTRO CLINIC to achieve high levels of patient safety will 

be described. Fourth, this project will also involve the manufacturer of MAASTRO CLINIC’s 

equipment, Siemens Medical. Therefore, the background of Siemens Medical will be 

discussed. Finally, as with most user-manufacturer relationships in industries, communication 

takes place between both organizations. The current cooperation is (briefly) described. 

2.1 MAASTRO CLINIC  

The MAASTRO group was founded in 2003 by a cooperation of the University of Maastricht 

(UM), the Radio-Therapeutic Institute Limburg (RTIL), and the radiotherapy department of 

the Academic Hospital Maastricht (azM). The MAASTRO group consists of five parts, the 

MAASTRO Trials, MAASTRO Physics, MAASTRO Lab, MAASTRO School, and 

MAASTRO CLINIC, in which this project will be conducted (Website MAASTRO, 2007). 

MAASTRO CLINIC’s primary task is to treat patients that suffer from cancer using 

radiotherapy. In order to provide this care they use linear accelerators, which were installed in 

their own facility in Heerlen (three) and in the hospital in Maastricht (two, since 2004). The 

number of oncological patients that come to MAASTRO CLINIC is increasing every year 

because of the ageing within society. In 2006, MAASTRO CLINIC treated around 3100 

patients (both new and repeating), which is an increase in comparison to 2005 of about 4 

percent (MAASTRO Annual report, 2006).  

 This development was the occasion to apply for an additional expansion and complete 

movement of all businesses to Maastricht with the ministry of Public Health, Welfare, and 

Sports. This request was granted and in 2007, during this project, MAASTRO CLINIC 

officially opened its doors of their new facility in Maastricht.  

At this moment MAASTRO CLINIC has employed 222 employees (beginning 2007) 

who are working in four groups: 

• radiotherapist group (‘RTP’); 

• para- and perimedical group (‘PPG’); 

• clinical physicist group (‘KFG’); and 

• staff Group. 

 

The members of these four groups are distributed across three units. Each of these three units 

has their own specialized area of attention and is responsible for the complete treatment 

process of their patients. Unit 1 is responsible for the treatment of patients with cancer around 

the belly and pelvis, unit 2 focuses on the treatment of the diaphragm area, and unit 3 treats 

patients with tumors in the head and neck areas (Website MAASTRO, 2007).  

The daily treatment of patients is mostly done by the largest group of employees, 

namely the radiation technologists. They provide direct care to the patients during treatments. 

Next to them, MAASTRO CLINIC has a medical staff, which consists of radiotherapeutic 

oncologists, clinical physicists, and many other functions like, e.g., doctor assistants, 
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(medical) secretaries, and other technical employees
2
. A graphical representation of the 

MAASTRO CLINIC organization can be found in Appendix A.1. 

2.1.1 The treatment process 

The goal of MAASTRO CLINIC is to render assistance to oncological patients from mostly the 

center and south of Limburg in the form of radiation therapy. The process of radiation 

therapy at MAASTRO CLINIC consists of three parts. First, a CT scan of the patient is made. 

This scan provides a cross-sectional image of the patient’s body, or parts of it (Zimarseth, 

2006). The data from the scan will be entered into a computer system. Second, the planning 

for the treatment is made using the data from the scan. With the help of a planning system a 

radiotherapeutic oncologists and a radiation technologist determine the dosage, treatment 

fields, and the shape of the treatment fields. This plan is thoroughly checked to ensure 

correctness (Zimarseth, 2006). Third, the actual treatment takes place. The oncological 

patient is treated with radiation during a sequence of sessions.  

There are two types of radiation treatment, i.e., internal and external. In the external 

type of treatment the radiation is comparable to the radiation used for X-rays, but it has a 

higher energetic value. This beam is created by a machine called the linear accelerator. This 

process is rather complex and needs to be performed accurately (Zimarseth, 2006). In 

addition, it is possible to use electron-radiation treatments with these linear accelerators as 

well. In that case, an electron inlay has to be installed on the linear accelerator.  

However, in some cases another type of treatment is necessary (i.e., internal) in which 

a radioactive source is planted in the patient’s body inside or near a tumour. This kind of 

treatment is called brachy-therapy. The advantage of this kind of treatment is that the 

radiation destroys tumours with little effect on the healthy tissue nearby.  

Note that in all types of treatment, the radiation, that is used, is invisible, odorless, and 

not perceptible, which is an advantage for the patient’s perception about the treatment 

(Rutteman, 2006). However, it also makes the treatment process vulnerable to failures, as will 

become clear. 

2.2 Equipment 

In this section the equipment that is used at MAASTRO CLINIC to execute the treatment of 

oncological patients will be briefly discussed. With the movement to Maastricht, MAASTRO 

CLINIC replaced its linear accelerators, CT scanners, and systems around this complex high-

tech equipment by new machines, tools, and systems. The reason to switch to the new 

equipment was threefold: 

1. to meet the new strategic goals of MAASTRO CLINIC; 

2. to achieve the status of reference site of a manufacturer; and 

3. to expand the knowledge and be able to do research with the newest equipment. 

 

Siemens Medical has designate MAASTRO CLINIC as one of its test facilities (i.e., reference 

sites), which allows MAASTRO CLINIC to test and use the newest, most advanced, systems of 

Siemens Medical and perform many kinds of research on the equipment (e.g., from new 

treatment protocols and new treatment techniques to research on safety and design of the 

equipment itself). 

The new linear accelerators and CT scanners (and their supporting systems) are all 

delivered by Siemens Medical. However, the planning software and some converting 

programs (e.g., XIO) that were used in Heerlen, which are not from Siemens Medical, are 

                                                 
2 Note that all employees within MAASTRO CLINIC are well educated professionals. 
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still used in Maastricht. The planning systems and support systems of the Siemens Medical 

equipment were connected by MAASTRO CLINIC’s physicists during the transition. 

On the second floor of the new facility, two CT scanners and one CT-PET scanner are 

installed for diagnostic purposes during the first part of the treatment process. The scanners 

make images of the patient’s body in order to localize tumours. The two regular CT scanners 

use an X-ray type of radiation to form several image slices of the patient’s body in which the 

cancer cells can be found. 

The CT-PET scanner works the other way around. The patient is injected with a fluid 

(e.g., FDG) which sends out radiation when it is consumed by highly ‘active’ cells (i.e., 

cancer cells). This radiation will be captured by the CT-PET scanner and an image will be 

created in which the cancer cells are highlighted. This is an advantage over the regular CT 

scanners. Figures of the two types of scanner and an example of both machines’ images can 

be found in Appendix A.2. 

Next, the images are forwarded to a 3D-planningssystem in which the plan for the 

treatment is made for each individual patient. After the plan is completed it is sent to a tool 

called Digitrans, which will check several parameters, but, most importantly, converts and 

sends the data to Lantis. Lantis is the system from Siemens Medical that is used for loading 

the treatment information in Coherence, which is in its turn the linear accelerators’ control 

software (see Figure 2.1a and 2.1b). In Lantis all information about the patients’ treatment 

can be claimed, both for each single treatment and for the total treatment. In Coherence the 

data of a single treatment is loaded and compared to the parameters of the linear accelerator. 

In addition, Coherence controls all activities of the linear accelerator and transports the data 

of the treatment back to Lantis for storage purposes. In the remainder of this report this 

process will be elaborated upon in more detail. 
 

        
Figure 2.1a: Lantis controle screen                      Figure 2.1b: Coherence control screen 
 

The new facility consists of eight nuclear bunkers that can be used for radiotherapy. At the 

beginning of this project, six Siemens ONCOR linear accelerators were installed for 

treatment purposes. All six linear accelerators are equipped with the 3D Multileaf Collimator, 

Virtual Wedge, HD-270 MLC, and SIMTEC AFS options. This information is particularly 

important in later stages of this project. In order to provide the reader with an idea of what a 

linear accelerator looks like, a picture of an ONCOR linear accelerator is shown in Figure 2.2.  
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Figure 2.2: Siemens Medical ONCOR linear accelerator (Website Siemens Medical, 2007) 
 

In addition, one of the linear accelerators is equipped with a MVision Megavoltage Cone 

Beam Imaging Package, which is a new system that is being tested at this moment. In July 

2007, a new type of linear accelerator, called Artiste, will be installed. Within the framework 

of being a reference site, Siemens Medical will test the linear accelerator first on location, 

after which MAASTRO CLINIC will start with using it in practice for both research and 

treatment purposes. The application of such new equipment is a great advantage for 

MAASTRO CLINIC and will introduce opportunities for many innovative research projects. 

2.3 Quality policies 

As previously mentioned, MAASTRO CLINIC is a leading organization in the Netherlands in 

quality and safety applications. MAASTRO CLINIC, therefore, has introduced in its 

organization a wide range of quality security and improvement activities. Examples of such 

activities are the development of treatment protocols, the check between colleagues around 

their patient discussions, the Reporting Committee who deal with the reports about accidents 

and near-misses, the Check Committee who is responsible for the checking and document 

formation of the entire process from indicator theorem to actual treatment, the Radiation 

Safety Committee who handles all businesses regarding the radiation safety of the patient, 

employees, and surroundings, and the Medical Ethics Committee, who tests research 

protocols on their medical ethical aspects. To clarify all these committees work areas, a 

graphical representation of these quality policy aspects can be seen in Appendix A.3.    

 In addition to these activities, MAASTRO CLINIC has a separate department that takes 

care of all risk and safety issues within the organization. This department focuses on the 

listing, analyzing, and controlling of insecurities before and after they actually appear. This is 

called respectively a prospective or retrospective analysis and was introduced into 

MAASTRO CLINIC in 2003, thereby, being the first radiotherapeutic institute in the 

Netherlands to perform such analyses (Rutteman, 2006).  

 In the Netherlands it is prescribed by the Quality Law for health care institutions, 

article 4 paragraph 1, (‘Kwaliteitswet Zorginstellingen’; Appendix A.4) that every health care 

institutions needs to monitor the quality of their care processes systematically. The Dutch 

government, even, determined that in 2008 a so called safety management system will be 

mandatory for all health care institutions, as was mentioned in the previous chapter. 

MAASTRO CLINIC, as one of the few, does already fulfil all demands of the new laws and 

has a wide experience of safety management techniques (e.g., PRISMA since 2003, HFMEA 

since 2003, SAFER since 2006). The application of these techniques is performed by the 

Reporting Committee, which was already installed at MAASTRO CLINIC in 1988 and, thus, 

has much experience. 
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2.3.1 The Reporting Committee 

The Reporting Committee consists of eight employees, originating from four different groups 

within the organization, i.e., the Radiotherapist Group, the Clinical Physicists Group, the 

Perimedical Group, and the Paramedical Group.  

The goals of the Reporting Committee are to improve and guard the quality of patients’ 

care with respect to research, treatment, and nursing of patients, which could lead to harmful 

outcomes for both patient(s) and employee(s) that could not be prevented by any chance or 

planned intervention. In order to achieve these goals, the Reporting Committee has two tasks, 

namely: 

• testing the quality of care within the organization on the basis of analyzing incidents 

of (individual) patients’ care; and 

• making recommendations for prevention to the responsible person within the 

organization. 

 

In order to execute these two tasks MAASTRO CLINIC is using an incident reporting policy. 

A reporting system is installed in which employees can report incidents blame-free. For more 

information about reporting systems will be referred to Davies, et al. (2000) and Van der 

Schaaf and Kanse (2004). The incident reports are gathered both digital and on hardcopy in 

the shape of a standardized form. Graphical representations of the digitally form and the 

hardcopy form can be found in Appendix A.5.1.  

 On this form the reporter can fill in information about an incident, e.g., name of 

patient, date, description. All these incident reports are gathered in a Microsoft Access 

database (Details of this database can be found in Appendix A.5). If not all information is 

clear to the Reporting Committee, additional questions can be asked to the reporter
3
. All 

incident reports will be analyzed using a retrospective analysis method by the Reporting 

Committee. Next to that, bimonthly the Reporting Committee will select incident reports that 

will be directly communicated to the managers. The selection of incidents for this purpose is 

based on several risk-items: 

• seriousness; the (potential) effect that the incident has on patient-organizational level; 

• frequency; knowing that some incidents are rarely reported and are invisible in the 

data-analysis; and 

• detection; incidents which are not conspicuous because of their hard detectability.   

 

The Reporting Committee will communicate the result of the incidents analysis to the 

responsible people within the organization. The responsible manager will be notified by a 

letter, a copy of which is also sent to the Board Conference. When the direct line of 

management is not known or hard to identify the letter is sent to the Board Conference solely. 

The Reporting Committee will keep track of all actions taken regarding the reported incidents 

and will specify the timeframe within which the action must take place. This information is 

gathered in the quarterly overview. 

 A graphical representation of the procedures of the Reporting Committee can be 

found in Appendix A.6. 

                                                 
3
 Note that the further analysis will be done anonymously. 



Identifying and communicating risks in user behaviour with new equipment in radiotherapy August 2007 

     - 11 - 

2.3.2 Retrospective analysis at MAASTRO CLINIC 

Since 2003, reported incidents have been analysed by the Reporting Committee using the 

retrospective PRISMA methodology developed by Van der Schaaf (1992) and, later, the 

PRISMA-medical version. This method can be used to analyse incidents, both near-misses 

and accidents, as defined in Chapter 1.  

 The abbreviation PRISMA stands for Prevention and Recovery Information System 

for Monitoring and Analysis. The tool is a retrospective analysis method that was initially 

developed for the chemical industry, but nowadays versions are also available for the railway 

industry (PRISMA-rail) and health care industry (PRISMA-medical; Van der Schaaf and 

Habraken, 2005; Van Vuuren, 1999; Van Vuuren, et al., 1997). 

 The PRISMA methodology consists of three steps that will be discussed briefly. The 

first step is the creation of a causal tree of which the concepts are discussed in Chapter 1. By 

asking the question ‘why did this happen’, the causes of the incident are identified. There are 

three rules to stop asking the ‘why’-question, (1) when no information is available anymore, 

(2) when the information becomes unreliable, and (3) when organizational boundaries are 

reached. At the bottom of the causal tree, the root causes of the incident are presented.  

Second, the identified root causes are classified according to the Eindhoven 

Classification Model (ECM). For the medical domain, an extended medical version of the 

ECM has been developed (Van Vuuren, et al., 1997). The graphical representation of the 

ECM-medical can be found in Appendix A.7.1. The ECM includes three main categories of 

failures, namely Technical, Organizational, and Human. These categories are related to the 

base categories of the incident causation model of Van der Schaaf (1992). In addition, the 

human failure category is classified according to the human behaviour (SRK) model of 

Rasmussen (1976). This model separates human behaviour into Skill, Rule, and Knowledge-

based behaviour. By using the ECM it should be possible to provide all root causes with a 

classification and a PRISMA profile can be created. This profile provides information about 

the number of times a classification has occurred within the analyzed incidents. At 

MAASTRO CLINIC, next to the incident reports which are stored in the table 

‘meldings_gegevens1’, the root cause information and their classification is also stored in the 

database in the table ‘basisoorzaken1’ (see Appendix A.5.2). 

In addition, root causes at MAASTRO CLINIC are related to context variables. These 

variables are installed to be able to perform more extensive analyses on larger amounts of 

data and to categorize the data (e.g., ‘linac_bediening). This way it is possible to select root 

causes related to a specific process by taking only root causes related to all context variables 

of that process. 

 Third, the classified root causes can be coupled to a countermeasure matrix, called the 

Classification/Action Matrix (Van der Schaaf, 1992). To incorporate all classifications a 

medical version of the C/A-matrix is also available (Van der Schaaf & Habraken, 2005). This 

matrix is presented in Appendix A.7.2. The C/A-matrix prescribes the actions to be taken to 

effectively eliminate the root causes of the incidents. These actions should be implemented 

into the organization, thereby, showing that the reporting is useful and highlighting safety 

awareness within the organization. 

2.3.3 Prospective analysis at MAASTRO CLINIC 

Next to the retrospective analysis, MAASTRO CLINIC uses prospective analysis on new 

processes as prescribed by the safety management system as well. For this purpose 

MAASTRO CLINIC has been using the SAFER method since its development in 2006. The 

abbreviation SAFER stands for ‘Scenario Analyse van Faalwijzen, Effecten en Risico’s’ 

which is Dutch for Scenario Analysis of Failure modes, Effects, and Risks. 
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The SAFER method was developed by MAASTRO CLINIC and UMC Utrecht in 

cooperation with the Patient Safety Systems Group of the Eindhoven University of 

Technology. The SAFER method is an adjusted version (i.e., Dutch version) of the Health 

care Failure Mode and Effect Analysis (or for short: HFMEA) method.  

The original HFMEA method was adapted from the FMEA method by the National 

Center for Patient Safety (NCPS) in 2001. This was done to make the method applicable to 

the health care industry (Wagner, et al., 2005). The SAFER method consists of five steps 

which are presented in detail in Appendix A.8 (Habraken, et al., 2007; MAASTRO CLINIC, et 

al., 2006).  

2.4 Siemens Medical 

Since this project will be in cooperation with Siemens Medical, as previously mentioned, in 

this section an introduction to this company will be provided as well.  

 The first Siemens Company started with the construction of the pointer telegraph by 

Werner von Siemens. Over the years several independent Siemens companies existed (e.g., 

Siemens-Reiniger-Werke AG). However, in 1966 those companies were merged to Siemens 

AG.  

In 2006, with their headquarters established in Berlin and in Munich, Siemens AG has 

grown to one of the world’s largest electrical engineering and electronics companies. Next to 

the focus on medical equipment, Siemens focuses on the areas of automation and control, 

power, transportation, information and communication, and lighting. In the fiscal year of 

2006 Siemens AG had 475,000 employees at work and achieved a net income of 3,033 

million Euros (Website Siemens, 2007). 

The Siemens Medical division is a medical equipment manufacturer. This medical 

division of Siemens AG goes back to the time that Siemens-Reiniger-Werke AG built their 

first medical equipment. That was well before Siemens AG was founded. Nowadays, 

Siemens Medical produces treatment equipment and supporting systems for the following 

nine clinical specialities: 

• cardiology; 

• neurology; 

• oncology; 

• othopedics; 

• radiology; 

• surgery; 

• urology; 

• vascular diseases;  

• women’s health. 

 

MAASTRO CLINIC’s equipment is part of oncology (e.g., linear accelerator) and radiology 

(e.g., CT scanner). On the medical equipment market for oncology Siemens Medical has two 

main competitors, namely Varian and Elekta. Together with these two companies Siemens 

Medical provides a great portion of the market with treatment equipment and supporting 

systems. The products of these three companies are technologically (almost) the same, 

thereby, decreasing opportunities to excel here. Siemens Medical operates in a market with 

only minor competition due to its products, but this makes it even more important to excel in 

quality and service. The importance of this will be elaborated upon in the following chapter. 
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2.5 Current communication between the companies 

MAASTRO CLINIC and Siemens Medical have a customer-manufacturer relationship 

involving warranties and guarantees on installed equipment.  

Since the introduction of the new equipment from Siemens Medical, there have been 

several problems regarding the equipment identified by the TIQc department, which is part of 

the clinical physicist group of MAASTRO CLINIC. This department of MAASTRO CLINIC is 

responsible for the maintenance and repairs of (almost) all equipment within the organization. 

When the Siemens Medical equipment was first introduced there were many communication 

sessions held in order to discuss the problems that occurred during the implementation. Most 

of the points that were discussed in these sessions were of a rather technical background. An 

example of the events discussed in these sessions is the malfunctioning or breakdowns of 

several components. These sessions are called the ‘OOS’ consultations and are still held 

bimonthly with Siemens Medical today.  

 It is important to note, however, that in these sessions no information from the risk 

and safety department about human factor problems is included, because they are not clearly 

visible for and communicated to the TIQc department.  
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Chapter 3. The problem 

 

The first step of the Van Strien (1975) regulative cycle is the identification of the problem 

and the design of the project approach. Since the research area and the companies have been 

discussed, these two aspects can be explored for the project in this chapter.  

 As mentioned in Chapter 2, MAASTRO CLINIC has been using new equipment from 

Siemens Medical since 2005. With the introduction of new equipment several problems arose. 

Since MAASTRO CLINIC is a new reference site for Siemens Medical it was agreed that there 

should be a more extensive communication between the manufacturer and the users in the 

broadest sense possible. In this light, MAASTRO CLINIC would like to have insight in and 

influence on the development of the new equipment in order to improve quality and safety by 

acquiring specific tools and adjustments in new equipment. The opportunity for improving 

communication channels can result in better information transition about the usage of 

equipment for the manufacturer as well as the other way around. This project, as previously 

mentioned, lays a foundation for this improved cooperation in order to improve patient safety, 

eventually. The goal of this project is, therefore, to determine a method to identify which user 

problems (related to human factors) do occur with the new Siemens equipment and to provide 

a way to communicate these problems to Siemens Medical. 

3.1 Problem statement 

Based on the findings of the previous chapter and the goal of MAASTRO CLINIC, the 

problem statement for this study can be formulated as:  
 

There is no insight at MAASTRO CLINIC into what and in which way information can be 

communicated to Siemens Medical in order to improve the quality and safety of future 

products.  
 

Since not all problems related to the usage of the new equipment are clear within MAASTRO 

CLINIC at this moment, it is unclear for MAASTRO CLINIC which information can be sent to 

Siemens Medical.  

In addition, MAASTRO CLINIC has no insight into the information flow of the new 

product development (NPD) process of Siemens Medical. This makes it impossible for them 

to provide useful feedback for the development of new equipment to the right person at 

Siemens Medical. This information should first be mapped in order to establish a good 

communication line between the two companies. 

3.2 Research questions 

To be able to provide a solution for the problem statement of this project, first, several 

questions need to be answered. In order to identify useful information there are two options. 

First of all, it should be investigated what information could be useful for both MAASTRO 

CLINIC and Siemens Medical to improve the quality and safety of the processes and 

equipment respectively. The research question that needs to be answered reads: 
 

1. What type of information is useful for Siemens Medical to improve the quality and safety of both 

processes and equipment, is available at MAASTRO CLINIC, and is not communicated in the current 

situation? 
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Second, when a relevant type of information has been found it is important to investigate how 

this information can be extracted from MAASTRO CLINIC. Therefore, the following research 

question should be answered:  
 

2. How can this type of information be extracted from MAASTRO CLINIC?  
 

Third, when this information has been extracted it is important to make it usable for both 

improving processes at MAASTRO CLINIC and communication to Siemens Medical. 

Therefore, it is important to identify a way to analyze this information to provide useful 

specifications to both parties. The following research questions need to be answered: 
 

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

 

4. How could this information be processed for communication purposes with Siemens Medical? 
 

Finally, a structured way of communicating with Siemens Medical has to be designed. The 

information flow from one organization to another should be well designed and be effective 

for both parties. In order to make sure the communication will be effective it is necessary to 

answer the following question: 
 

5. Is the information flow at Siemens Medical organized effectively for receiving user information? If 

not, how can it be (re)designed to make it effective for communication purposes with users? 

3.3 Literature study on human factors engineering 

This research topic is of course not only interesting for MAASTRO CLINIC, but also for  

researchers who start to recognize the importance of introducing information about human 

factor research into the manufacturer’s new product development process in the medical 

industry. In this section a (brief) literature review on the, so called, human factors 

engineering in the medical industry will be provided. 

Since all equipment within a medical department needs to be operated by humans, it 

makes sense to combine human factors (concepts) with the design of NPD process (Lewis, 

1996; Ulrich & Eppinger, 2000; Ward and Clarkson, 2004). This can eventually increase the 

quality of the equipment, reduce the opportunities for failures with equipment, and increase 

patient safety.  

 Researchers recognize that many incidents within the health care institutions occur 

when using medical equipment. This is mostly caused by (1) the complexity of the equipment, 

(2) the conditions in which they are operated, and (3) the different mindsets of designers 

compared to users (Design Council, 2003; Drake, 2002). It was found that the traditional 

approach of developing equipment around new technical advancements is not sufficient for 

the medical equipment industry (Drake, 2002).  

 Unfortunately, at the manufacturers of medical equipment awareness of the problems 

with faulty designs of complex equipment is (rather) low. Focusing solely on the 

functionalities of the new equipment can result in human failures when using the equipment 

and creates unsafe situations for patients. In order to reduce the user-interface problems it is 

important to enhance the focus on human factors in designing new equipment and use input 

from users to improve quality and safety (Design Council, 2003; Ulrich & Eppinger, 2000). 

“The goal is to integrate the device into the customer’s life, so it seamlessly and easily helps 

them achieve their desired medical outcomes” (Drake, 2002, p. 16), which, in this case, is 

treating patients without harming them more during the process. 

This trend within health care institutions will mean that the focus on human factors 

will become greater in the future. Health care institutions start to recognize that human 

factors are an important issue in enhancing patient safety. Since the health care institutions 
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find the human factors increasingly important, it is likely that they will take it into account 

when purchasing new medical equipment in the future (Design Council, 2003). Sawyer (1996) 

even advises health care institutions to evaluate their already-purchased equipment to 

eliminate the possibility that, with equipment purchased in the future, the same problems 

could come up again. Therefore, it is important for manufacturers to already include these 

human factor aspects in their design process to stay one step ahead and to stay competitive in 

the medical equipment industry (Drake, 2002; Sawyer, 1996).  

In addition to the trend in the health care industry, the governments are also 

stimulating the introduction of human factors within the NPD process. Mainly in the U.S.A. 

the Center for Devices and Radiological Health (CDRH) is already encouraging 

manufacturers to include different kinds of human factor inputs in their NPD processes 

(Drake, 2002). 

In order to achieve this, researchers provide several opportunities for using different 

inputs from human factors in the design process like for example observations, task analysis, 

hazard analysis, mapping workshops, scenario testing, and simulation (Clarkson, et al., 2004; 

Design Council, 2003; Sawyer, 1996; Ward & Clarkson, 2004). All these activities will lead 

to a better understanding of the design requirements from the users’ perspective and, 

eventually, to a product that has been designed to be easier and safer to operate by humans. 

 This approach will, first, reduce the problems in relation to the complexity of the 

equipment, because the equipment will be designed around the user. Second, the problems 

due to the conditions in which the equipment is operated in are also taken into account by 

using additional user information.  

 In addition the different mindsets of designers compared to the users will have to be 

dealt with. “Designers may fail to fully understand system characteristics or to anticipate 

properly to the nature and magnitudes of the loading to which a system may be subjected or 

the environmental conditions under which it must be operated” (Lewis, 1996, p. 366). This 

problem, also found by Drake (2002), can also be reduced by making better use of 

information from users.  

The integration of such human factor information from health care institutions is 

called the Human Factor Engineering (HFE) approach (Design Council, 2003; Ward & 

Clarkson, 2004). Research on how to integrate user information into the NPD process is 

starting to get recognition within the research field. An example of a successful result of the 

HFE approach is the usage of user information in the (low-complexity) medication design 

field. Several initiatives have already started within this field, resulting in significantly less 

incidents. For instance, the cooperation between medication packaging designers and the 

actual users of the medication resulted in a package design that was less confusing for users, 

thereby lowering reading-errors and increasing patient safety (Buckle, et al., 2006).  

 Another example in anaesthesia is the changes made to the connectors of equipment. 

The connectors of anesthesiologists’ equipment used to have the same shape for different 

kinds of knobs. It happened that users connected the wrong connector to the system, resulting 

in serious injuries (or even death) of the patient being treated. Manufacturers, however, did 

not hear about this problem until they started to acquire feedback from the users (HFE 

approach). This problem was easily fixed by installing different type (e.g., form and colour) 

of connectors for different types of knobs (Ward & Clarkson, 2004).  

As can be seen in these examples, the HFE approach is successful in creating greater 

patient safety through increasing the manufacturers’ knowledge base on usage and 

performance of their equipment. Often, the changes are minor for the manufacturer, but result 

in the saving of lives in health care institutions. 

To further increase the manufacturers’ knowledge base the use of cross-functional 

NPD teams could assist (Design Council, 2003; Ulrich & Eppinger, 2000). A cross-functional 
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NPD team is a team that includes members from different functional areas, for example, 

design, engineering, manufacturing, and marketing, but also external members like suppliers, 

lead users, and customers (Boyle, et al., 2005). These members all have different expertises 

and share their information, schedules, processes, and procedures to enhance product 

development (Fredericks, 2005). The inclusion of the customer into the entire product 

development is especially important in the case of medical equipment. This will increase the 

amount of information available, include experiences of the user, and reduce the differences 

in mindsets.  

 An additional advantage is that the usage of cross-functional teams has been found to 

increase the innovative performance of a company and reduce the time-to-market for new 

products, which is also important for medical equipment manufacturers to improve their 

competitive advantage, as was mentioned earlier (Lovelace, Shapiro, and Weingart, 2001; 

Fredericks, 2005). 

3.4 Approach 

In order to answer the research questions, and eventually, provide a solution for the problem 

stated at the beginning of this chapter the following steps were executed during the project.  

 

Step 1: Determine the type of information (Chapter 4):  

• Conducting orientation interviews to investigate opportunities. 

• Evaluate types of information found and decide what type will be investigated. 

 

Step 2: Map the current information flow (Chapters 2 & 5): 

• Investigate the current information flow between MAASTRO CLINIC and Siemens 

Medical. 

• Map the current information flow of customer information within Siemens Medical. 

• Investigate the current level of information usage from customer at Siemens Medical. 

 

Step 3: Design a method for extracting the selected type of information (Chapters 6, 7 & 8): 

• Investigate the possibility for using information from the PRISMA database
4
.   

• Evaluate other methods on their opportunities and select one for this project
4
. 

• Analyze the information found in order to identify (necessary) specifications. 

 

Step 4: Develop a (re)design for effective communication of the information (Chapter 9): 

• Divide the analyzed information into ‘in-house’ and ‘external’ issues
5
. 

• Determine the information detail required by Siemens Medical. 

• (Re)design the information flow from MAASTRO CLINIC towards Siemens Medical. 

• Discuss a (re)design for the information flow at Siemens Medical. 

 

Step 5: Conclusions and recommendations (Chapter 10): 

• Conclusions are drawn with respect to the research questions. 

• Recommendations are made for the future and future research. 

 

                                                 
4
 The researcher, in consultation with the supervisors of both the Eindhoven University of Technology and 

MAASTRO CLINIC, decided to start with investigating the possible use of the PRISMA database at MAASTRO 

CLINIC; second, other methods will be investigated. 
5
 With ‘in-house’ issues is meant information about processes within MAASTRO CLINIC. With ‘external’ 

issues is meant information that is related to the equipment of Siemens Medical. 
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Chapter 4. Demarcation of the project 

 

In this chapter, the justification of the choices made to mark out this project will be discussed. 

First a number of orientation interviews were held with members of MAASTRO CLINIC. 

These interviews provided the base for the demarcation decisions. Second, the periods of 

investigation will be discussed.  

4.1 Orientation interviews 

At the beginning of this project orientation interviews were held with a diverse set of 

members of MAASTRO CLINIC. First, a meeting with the Patient Safety Manager and the 

Innovation Manager was held. From this meeting it was found that the complexity and 

number of the processes at MAASTRO CLINIC necessitates a demarcation of the project. 

Second, additional orientation interviews were held with: 

• Patient Safety Officer; 

• Patient Safety Expert (TU/e); 

• clinic physicist; and 

• three radiation technologists. 

 

In the next section the results from these interviews are discussed in relation to the 

demarcation of the project. 

4.2 Demarcation of scope 

From the orientation interviews it was derived that it was not possible to investigate all new 

equipment installed by Siemens Medical within this project. A selection of the equipment that 

could be investigated first had to be made. Therefore, a process at MAASTRO CLINIC should 

be picked that was related to one piece of equipment. 

4.2.1 The selected process and equipment 

Based on the orientation interviews, the process of the treatment with the linear accelerators 

was chosen as the process of investigation. As can be seen in Figure 4.1, this process starts at 

the moment the individual treatment plan for a patient is sent to the linear accelerator and 

ends after the treatment is completed.  

 
Figure 4.1: Flowchart of the main-level processes at MAASTRO CLINIC  
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This process was chosen because:  

• it is found to be the most important process at MAASTRO CLINIC; 

• it involves the highest level of patient involvement; 

• the risks of harming the patient are the greatest; 

• it is the last part of the treatment process of a patient;  

• it is the most expensive part of the treatment process; 

• it is the process in which the newest equipment is used; and 

• it requires the usage of the most complex equipment available at MAASTRO CLINIC. 

 

Note that the brachy-therapy treatment is excluded from this investigation. As explained in 

Chapter 2, this process is deviant from the treatment process using the linear accelerators and, 

therefore, not part of the scope of this project. The (sub-)processes related to the selected 

process are described in detailed flowcharts in Appendix B.1. Despite the fact that these 

limitations limit the scope of the project, it still results in the investigation of a complex 

process.  

4.2.2 The selected type of information 

Since MAASTRO CLINIC wants to be more involved in the design process of the equipment 

of Siemens Medical, a new communication channel has to be designed. In the current 

situation, information about technical failures is already exchanged between MAASTRO 

CLINIC and Siemens Medical, as mentioned in Chapter 2. Because information about 

technical failures is already communicated by the TIQc department and this information is 

not part of the patient safety department, this project excludes this type of information from 

the investigation.  

The orientation interviews at MAASTRO CLINIC revealed that the Patient Safety 

Manager and the Innovation Manager found that the radiation technologists, who are the only 

participants in the selected process, create their own (sub-)processes as they encountered 

problems or experienced unsafe situations.  

 The self-development and learning in such processes is recognized by researchers as 

being normal behaviour for human beings. It is in the nature of humans to find new ways of 

executing tasks when they stumble upon imperfections (e.g., Edmondson, 1996; Grout, 2007; 

Robbins, 2003). It was found by Pitta and Fowler (2005) that such process changes are 

developed especially by lead users, which the radiation technologists of MAASTRO CLINIC 

are due to: 

1. their direct relationship with the equipment; 

2. the usage of the newest equipment as reference site of Siemens medical; and 

3. the leading role in quality and safety in the Dutch health care industry. 

 

Because the radiation technologists at MAASTRO CLINIC are experiencing problems due to 

for example the design of the equipment or processes and are highly triggered by the Quality 

and Safety Department, they are finding solutions to reduce experienced risks on their own. 

These self-developed processes are called workarounds (Pitta & Fowler, 2005), which are 

defined in this project as: 
 

A self-developed change of a work process that is deviant from the process as described by 

the organization, the manufacturer, or other parties and widely accepted among employees. 

 

This kind of redesign of processes can be seen as defenses before an incident evolves, as 

described by human factor researchers (e.g., Van der Schaaf, 1992). In this case, an incident 

has not developed, but the radiation technologist (or group) finds the problem (i.e., dangerous 
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situation) before any incident can originate and creates a new process as a defense such that 

the radiation technologist (or group) experiences the process as safe. However, it is likely that 

this feeling of safety is groundless and is covering the detectability of incident development 

(Kanse, et al., 2006; Kontogiannis, 1999).  

The risk of these defenses is that they will be accepted as a normal process and people 

become less aware of their importance (Kanse, et al., 2006). In addition, based on the 

principals of (team) learning, the knowledge is likely to be transferred to different people and 

groups as well and, often, in the supposition that it is a prescribed process. This can result in 

groups, who execute processes not knowing they are using workarounds and not knowing 

what detection could be lost by using the workaround learned from the other group. 

Moreover, the adequacy of the developed defense is questionable (Van der Schaaf, 1992). 

Safety researchers are recognizing that workaround processes are incredibly risky and 

that they are creating dangerous situations (e.g., Edmondson, 1996; Pitta & Fowler, 2005). 

Therefore, information about the origin of the development and failures as a result of the 

development of workarounds are interesting for both users and manufacturers. With this 

information related to human behaviour users can develop new procedures and manufacturers 

can develop new equipment such that the need for creating workarounds will not be 

necessary in the future. During the orientation interviews four of such workarounds were 

already identified. Their descriptions can be found in Appendix B.3.  

To summarize, in this project, workarounds are selected as the type of information to 

investigate because: 

• they are interesting from a patient safety perspective; 

• workaround information is often not visible for other groups within the organization 

(including management); 

• workaround information is not communicated to Siemens Medical at this moment; 

• they are self developed and, thus, diverse, risky
6
, and uncontrolled; 

• they are widely accepted, not seen as defenses, and less (or even not) reported or 

communicated. 

 

There are four types of (conceptual) process changes that can indicate a workaround. First, 

the process can be inserted into (or added to) an existing process. Second, a process can be 

eliminated or skipped. Third, a process itself can be changed. Finally, the prescribed process 

can be executed in a different order. The graphical presentations and detailed explanations of 

these changes to a process are shown in Appendix B.2.  

In addition, it was revealed that a differentiation between organizational and 

individual workarounds could be made. The organizational workarounds are defined as 

workarounds performed by (at least) one unit in the same way. In contrast, an individual 

workaround is defined as an individually developed workaround performed by only one (or 

some) employee(s).  

 Combining the discussion of the previous chapters with the current developments of 

the scope of this project, in consultation with the first supervisor of the Eindhoven University 

of Technology and the supervisor of MAASTRO CLINIC, the following research model has 

been formulated (see Figure 4.2). 

 

                                                 
6
 Note that workarounds are self-developed and not all people are (always) familiar with them. When working 

together with others it can occur that the workaround provides support to one employee, but the other employee 

does not know the process. Miscommunication can occur, thereby, creating a feeling of safety that is not 

grounded and possibly leading to dangerous situations. 
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 Figure 4.2: Research model of the project at MAASTRO CLINIC   
 

First the current NPD process and, especially, the information flow in this NPD process will 

be mapped. This NPD process will determine the base for the cooperation between the 

manufacturer and user later. Second, it has been investigated whether trends and workarounds 

can be identified from the information (e.g., root causes) in the PRISMA database. Third, 

interviews will be held as well in order to identify workarounds (both organizational and 

individual). Both methods are discussed for their usefulness. Next, from the workarounds 

detailed information needs to be derived to serve as input for the NPD process. Finally, a 

communication plan in the form of a structured information flow will be discussed and 

implementation details will be presented. 

4.2.3 Periods of investigation 

When focussing on the processes related to the linear accelerator, it was found that not all 

MAASTRO CLINIC units started using the new equipment at the same time. The transition 

from Heerlen to Maastricht and to the new equipment took place in phases (see Figure 4.3). 
 

 
Figure 4.3: Timeline of transition from Heerlen to Maastricht 
 

Note that in Heerlen the PRISMA methodology was already being used since 2003 and is 

continued in Maastricht. This timeline should be taken into account during all phases of this 

project. In the following chapter, as indicated by the research model, the current NPD process 

and, in particular, the current information flow within this NPD process of Siemens Medical 

is discussed first. 
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Chapter 5. NPD process of Siemens Medical  
 

In this chapter the current new product development process of Siemens Medical is briefly 

discussed. In addition, the input that Siemens Medical uses from its customers is discussed. 

5.1 Development locations of Siemens Medical 

For a better understanding of the development activities at Siemens Medical the different 

equipment parts (e.g., software, table, gantry) which are related to the linear accelerator and 

its processes are mapped. The equipment parts are developed at different locations 

throughout the world. An overview of the location and division at which the different parts 

are developed can be found in Table 5.1 below. 
 

Equipment Division/Company Location 

Gantry Siemens CO Kemnath (Germany) 

Multi Leaf  

Collimator (MLC) 

Siemens CO or 

Toshiba
7
  

Kemnath (Germany) 

Tokyo (Japan) 

Treatment table Siemens CO Kemnath (Germany) 

Coherence Siemens  Heidelberg (Germany) 

Lantis Impac (USA)
8
 Sunnyvale CA (USA) 

Table 5.1: Overview of equipment design locations 
 

At this moment, Siemens Medical has transferred (almost) all development activities from the 

Unites States to Germany (see Table 5.1). This centralization of the development activities 

provides more opportunities for making the process efficient.  

5.2 The new product development process 

Since Siemens Medical has to develop many different equipment parts and software 

programs, there is not a single way in which the new product development (NPD) process is 

organized. In addition, the information about the design process of new equipment is highly 

classified. For the sake of clarity, in this section a more general NPD process is described in 

order to explain how such processes are organized. In Figure 5.1 a conceptual NPD process is 

graphically represented. 
 

Figure 5.1: Conceptual representation of a NPD process (Ulrich & Eppinger, 2000)  
 

                                                 
7
 Depended on the type of MLC that is installed. For example, the MLC 160 is designed in Germany and the 

MLCs 82 and 58 leaves are developed externally in Japan. The latter MLC’s are designed by Toshiba according 

to the specifications provided by Siemens Medical. The development of some MLC’s will stay outside of the 

Siemens Company. However, the design of the specifications is also transferred to Germany in 2007. 
8
 Lantis is developed by an external company; the development of Lantis will stay in the US. 
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In the customer needs and specification phase the design requirements are gathered and 

discussed. From this phase, a list of all specifications that should be included in the new 

product is generated. From this list a concept is developed in the concept phase. This concept 

can be, for example, a computer model of the designed equipment. Based on the concept a 

fully functional prototype is developed in the prototyping phase. This prototype is created for 

testing and training purposes. In the testing and revision phase the prototype is tested 

extensively. Siemens Medical uses techniques like Fault Tree Analysis (FTA) and Failure 

Mode and Effect Analysis (FMEA) for evaluating the test results and proposing revisions. 

After the tests have resulted in a product that meets all demands, the product enters the 

manufacturing phase in which multiple products are produced depending on the demands. 

The NPD process ends with the installation of services in order to support the customers. 

5.3 Current information flow in new product development 

In order to develop new medical equipment, first, information about the customer needs for 

the equipment is gathered in a requirements management system called Caliber RM. For this, 

Siemens Medical mainly uses technical opportunities. In addition to these opportunities, user 

information is added in order to complete the necessary information document for designing 

a concept.  

 The user information that is currently used by Siemens Medical involves complaint 

information of previous launched products and user involvement in a focus group in the first 

session(s) preceding the NPD process. The complaint information is gathered by the service 

department in a database, called CCHS. A disadvantage is that it (largely) includes 

information about product failure and not about other issues that result in problems.  

The focus group technique is only used in the first phase of the development process. 

In the focus group, one customer is involved in a customer-needs discussion. Unfortunately, 

the focus group is not used after this phase in, for example, the specification preparation, the 

concept, and testing phases. 

 Additional user information from the field is gathered in one system, called OCS, but, 

as shown in Figure 5.2, in the current landscape this information is subsequently distributed 

throughout many channels. In this way, only fragments of the information reach the NPD 

team and valuable additional information is lost (Kowielsky, 2007).  

Customer calls

Customer visits Road shows

Customer E-Mails

Conferences / congresses

Service visits

Application training

E-Mails

Wish-CHARMsPhone calls Talks

Garbage can

Nirvana

E-Mail archive

Oblivion

OCS

 Figure 5.2: Current situation of information flow from users to Siemens Medical (Kowielsky, 2007) 
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In this section the current usage of information for the NPD process of Siemens Medical is 

illustrated. Since 2006 Siemens Medical has recognized the importance of better usage of the 

information from their customers. A project was started at Siemens Medical to improve the 

information flow within their organization. Since the redesign of this information flow is 

important to the implementation of the results from this project later, the (conceptual) 

redesign of the information flow will be discussed in Chapter 9. 
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Chapter 6. Database analysis 

 

In this chapter, the opportunity of using the PRISMA database implemented at MAASTRO 

CLINIC for the identification, analysis, and communication of workaround information with 

Siemens Medical is investigated.  

In order to be able to use the database information in the investigation of workarounds 

it is important that (1) the information is not biased, (2) the workarounds are identifiable from 

the report descriptions, and (3) the workarounds can be analyzed using information from the 

database. In order to investigate these three criteria the following three questions need to be 

answered: 

1. Is the information of the database of MAASTRO CLINIC biased by the introduction of 

the new equipment? 

2. Can workarounds be identified from the reports in the database? 

3. Can workarounds be analyzed using the reports and PRISMA analyses in the database? 

 

In the following section, the first question will be answered. Next, the second and third 

question will be answered in Section 6.2. 

6.1 Biases in PRISMA databases  

The PRISMA methodology has been implemented within MAASTRO CLINIC since 2003 (as 

mentioned in Chapter 2). However, because several researchers have found that in some 

organizations the reporting culture causes biases in the PRISMA database (Van der Schaaf & 

Kanse, 2004); it is important to investigate to what extent reporting in MAASTRO CLINIC is 

accepted. Researchers have found several reasons for not reporting particular incidents (e.g., 

Powell, Hale, Martin, and Simon, 1971; Bridges, 2000), which are categorised by Van der 

Schaaf and Kanse (2004) into six general reasons for not reporting incidents (see Figure 6.1). 
 

afraid / ashamed

no learning

not applicable

recovery

no remaining 

consequences

other

0 1 2 3 4 5 6 7 8 9 10
 

Figure 6.1: Distribution of reasons for not reporting to the existing near-miss reporting system (adjusted from Van der 

Schaaf & Kanse, 2004) 
 

At MAASTRO CLINIC actions are taken to prevent reporting biases due to these six reasons 

and to (constantly) improve the reporting culture among employees. For example, the ‘no 

remaining consequences’ category, which scores high in the investigation by Van der Schaaf 

and Kanse (2004), is taken care of by MAASTRO CLINIC successfully. This is achieved by 

communicating the importance of reporting all incidents, actively taking actions to prevent 
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incidents in the future, and explicitly communicating actions that are taken to the employees 

as feedback. From the orientation interviews it was found that this strategy was indeed 

successful during previous periods (i.e., before new equipment implementation). 

 However, it has never been investigated what influence new equipment introduction 

has on the reporting behaviour at MAASTRO CLINIC. Therefore, in the following section the 

existence of a (possible) bias during new equipment implementation at MAASTRO CLINIC 

will be investigated. 

6.1.1 Biases in the PRISMA database of MAASTRO clinic   

As discussed in the previous section, MAASTRO CLINIC takes (rather) successful actions to 

prevent biases due to reporting barriers or methodological inconsistencies. However, it 

should be investigated whether there are no other influencing factors causing biases (e.g., bias 

in incident reporting due to the implementation of new equipment, bias in incident reporting 

due to technical equipment failure). 

Since the incident descriptions are subjective and open-ended, these reports are hard 

to use for analysis. Therefore, the root causes of the incidents are investigated. As mentioned 

in Chapter 1, root causes are the base of an evolving incident (Van der Schaaf, 1992). So, 

when root causes change the (nature of) incident descriptions are changed as well. By 

analyzing these root causes it can be investigated whether the base of incidents in the 

database is biased after the introduction of new equipment and, thus, whether all information 

in the database is biased.   

In line with the demarcation as presented in Chapter 4, the database analysis will be 

conducted on incidents which are related to the processes of the linear accelerator. Therefore, 

the context variables related to this process have been identified. Three context variables of 

root causes were related to processes of the linear accelerator, namely; ‘linac_bediening’, 

‘linac_binnen’, and ‘epid’ (Dutch).  

Next, a query has been developed which will identify all root causes related to these 

three context variables (see Appendix C.1.1). This query will be executed on the PRISMA 

databases of 2004, 2005, and 2006. The 2003 database is left out of this analysis since it is 

the first year’s database and it can be assumed that the consistency of this database is 

insufficient. Also, the 2007 database is not included in this analysis since not all data has 

been analyzed by the Reporting Committee at the start of this project, resulting in a biased 

information distribution across units for 2007. 

 The application of the query resulted in the findings of the number of root causes per 

month from January 2004 till December 2006 related to the processes of the linear accelerator. 

The results for all three units are shown in Figure 6.2.   

Comparing Figure 6.2 with the timeline of introduction of the new equipment as 

presented in the Chapter 4, it can be seen that at the beginning of the introduction period (July 

2005 and May 2006; see hard-lined circles), the number of root causes increase respectively 

for unit 3 and 2. At the same time, the trend of root causes for unit 1, which did not 

implement new equipment during these period is stable. 

From the figure it can be concluded that there is an increase in root causes related to 

the processes of the linear accelerator during the introduction periods of new equipment. 

However, this increase of root causes can be influenced by an increase of incident reports due 

to several reasons regarding new equipment implementation. If more reports are submitted it 

is likely that the amount of root causes increases as well. Therefore, it is important to 

investigate the average number of root causes related to the processes of the linear accelerator 

in incident reports entered in the database.  
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Figure 6.2: The number of root causes related to processes of the linear accelerator over time per unit 
 

The number of reports entered in the database is determined by the query as presented in 

Appendix C.1.2. The result of this analysis can be seen in Figure 6.3 on the next page. 

 In Figure 6.3, as well as in Figure 6.2, the hard-line circles accentuate the periods in 

which the unit has started using the new linear accelerators. It is apparent that not only the 

number of root causes increased in the start-up period, but also the proportion of root causes 

related to the processes of the linear accelerator and the number of reports is increasing. This 

indicates (at least) a bias on the root causes and incident descriptions in the database during a 

start-up period of about two months.  

 This bias can be explained by the fact that employees need to learn to execute their 

new tasks and have to learn how to deal with unknown situations regarding the usage of the 

new equipment resulting in equipment failures and frustration (Porter, et al., 2003; Robbins, 

2003). 

 An additional note should be made regarding these figures. As can be seen in both 

figures, a dotted circle is added indicating a period in which the server for collecting epid 

recordings failed and could not handle the amount of images processed. This server failure is 

an example of how equipment problems can cause a bias in the database as well. 

Unfortunately, this is troubling the conclusion as drawn for unit 2. However, qualitative 

investigation of the reports in this period has shown that the server failure indeed caused the 

increase in the periods after the introduction of unit 2 to the new linear accelerators, thereby, 

implying that the trend for unit 2 will follow the same pattern as unit 3. 

In addition to the figures of all units at once, the detailed results of the quantitative 

analyses for each separate unit are presented in Appendix C.2. From these analyses, it can be 

concluded that there exists a bias in the database related to the introduction of new equipment 

and the start-up period for using new equipment is around two months. Of course, this figure 

is not exact, but it is found to be the best cut-off point. The effects are visible for both unit 2 

and 3 in this analysis, in future research, when the data is available for unit 1, this conclusion 

should be checked on consistency.  
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Figure 6.3: The average number of root causes per incident report over time per unit  

6.2 Identifying and analyzing workarounds from the database 

Despite the results from the previous section, the two remaining questions will be answered 

in this section as well. Repeating:  

2. Can workarounds be identified from the reports in the database? 

3. Can workarounds be analyzed using the reports and PRISMA analyses in the database? 

This analysis is performed because it is important to know whether workarounds do exist at 

MAASTRO CLINIC, where they are developed in time, and whether they can be revealed 

using the database. 

 In order to investigate the two questions 273 incident descriptions were examined in 

detail by the researcher and the Patient Safety Manager. These are all incident descriptions of 

the processes related to the linear accelerator (i.e., context variables ‘linac_bediening’, 

‘linac_binnen’, and ‘epid’) from the introduction of unit 3 to the new equipment (July 2005) 

till December 2006. 

From a qualitative analysis of the incident descriptions it was found that incidents that 

were reported in the start-up period are not reported in later stages without any change of the 

situation on the floor. This strengthens the finding that employees learn to work with the new 

equipment. Of course, the learning of processes and equipment is important, but due to the 

nature of some incident descriptions it was found that not only the employees learned about 

the equipment and processes as intended, but that they also developed ways to counter 

imperfections of the equipment and/or processes.  

Unfortunately, the qualitative investigation revealed that a description of the 

processes or a process step could not be extracted from the incident reports without further 

investigation (i.e., questioning reporters, observing processes). Therefore, it can be concluded 

that the information in the database is not a useful way for identifying workarounds and 

providing workaround descriptions. It can be seen as trivial that when no workarounds can be 

described from the database information, the analysis of the workarounds using the 

information from the database will not be applicable either. Thereby answering questions 2 

and 3 as stated at the beginning of this chapter. In order to identify the workarounds, gather 

detailed descriptions, and analyze these descriptions another method should be used and/or 

developed. This will be discussed in the following chapter. 
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Chapter 7. Interviews 

 

In this chapter the workarounds that are developed in the processes related to the linear 

accelerator will be identified. As mentioned in Chapter 4 and 6, there are indications for the 

existence of workarounds. The identification of workarounds, however, is rather complicated, 

because no knowledge about which and, more important, how many workarounds are 

developed is available. In addition, it is unknown to what extend the employees are aware of 

the workarounds they use (as has been discussed in Chapter 4). In the following section, the 

method that is used to identify these workarounds will be discussed. 

7.1 Method 

In order to identify workarounds a qualitative method is used. This approach is chosen 

because, at this moment, there is no hard data of workarounds available within the 

organization. Qualitative methods are oriented at discovering qualities of, for example, 

phenomena, situations, and people. In addition, qualitative methods are particularly important 

when studying persons, groups, organizations, and societies (Van Aken, et al., 2004). 

Therefore, the usage of a qualitative method is useful in this project.  

 According to Van Aken, et al., (2004) and Cooper and Schindler (2006) there are 

several qualitative techniques to gather data with their own strengths and weaknesses. They 

describe the interview, focus group, documentation, (participative) observation, verbal 

protocols, and diaries technique.  

 In this project the interview technique is selected to gather data about workarounds. 

This method is chosen because of its individual focus, which is necessary to identify any 

individual workarounds and will be lowering the barrier for an open discussion. An 

elaboration on the selection of this technique over the others can be found in Appendix D.1.1. 

In addition, there are several approaches for conducting interviews. For this project the most 

commonly used semi-structured approach is chosen. This approach has the advantage that all 

interviewees will be asked the same basic questions and it does leave room for additional 

questions as well. The semi-structured interview, as developed for this project, is influenced 

by the critical incident technique originally developed by Flanagan (1954) and the (more 

recent) critical decision method (e.g., Hoffman, et al., 1998). In the next section the interview 

preparation and the content of the interview will be discussed.  

7.1.1 The interview 

The preparation of the interviews is important. First, the purpose and research question needs 

to be determined (Van Aken, et al., 2004). In this project, this is the identification of 

workarounds. Second, an introductory letter was drawn up in which, (1) the researcher is 

introduced, (2) the project is discussed, (3) the confidentiality of the information is explained, 

and (4) the interviewee is asked to participate. This letter was send to all interviewees 

selected in the sample (see Section 7.1.2). This introductory letter can be found in Appendix 

D.1.2. Third, because a semi-structured interview technique is used, a specific interview 

guide for all interviews was prepared
9
. As advised by Van Aken, et al. (2004), the interview 

starts with a brief introduction of the project and room for asking questions in advance. Also, 

the confidentiality of the information is discussed again. Next, the questions were stated. At 

                                                 
9
 Note that the actual interview is conducted in Dutch, because it was clear that some employees were having 

difficulties with English. The interview guide and introductory letter are presented in the appendices in English, 

but are translated into Dutch before actual usage. This translation is done by two people and compared. 

Consensus is reached about the translations and the translated documents (Dutch) are used during the project.  
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the end of the interview it was explained that the feedback of the results will be provided by 

means of a thesis and a presentation and the interviewee will be thanked for participating.  

 The questions section of the interview is divided into four parts. First, the interviewee 

has been asked to look at all processes related to working with the linear accelerator (see 

Appendix B.1.3) and to name several risks, potential failures, and deviant procedures. In this 

way an attempt to let the interviewee remember all steps and imagine him/her self performing 

all actions was made. Second, the interviewee has been asked about their reporting behaviour, 

more specifically during the start-up period than compared to the later periods. This part is 

included in the interview to qualitatively check the findings of Chapter 6. The questions in 

this part are derived from a proven patient safety questionnaire on reporting behaviour 

(sections C and D) developed by the Agency for Healthcare Research and Quality (Sorra and 

Nieva, 2004). Third, the interviewee was presented with some workaround descriptions 

already defined during previous (or the orientation) interviews and some incident descriptions 

found to be related to workarounds. He/she has been asked to come up with some additional 

workaround descriptions or indications. Also, the interviewee was requested not to hesitate to 

contact the researcher when discovering a workaround during work after the interview is 

completed. In addition, the interviewee has been asked to confirm already defined 

workarounds. This step will save some time in the confirmation of the workarounds later and 

is, therefore, already included in the interview. Fourth, the interviewee has been asked 

whether there are any other issues regarding the usage of the linear accelerator that were not 

yet discussed. 

 This interview guide has been tested in two pilot interviews with two radiation 

technologists in order to (1) test the guide and (2) determine the duration of the interviews. It 

found that questions 7 and 14 needed adjustments to improve clarity for the interviewees. The 

final specific interview guide can be found in Appendix D.1.3. Second, it found that the 

duration of each interview will be around 90 minutes. This is particularly important for 

planning purposes.  

 In addition the researcher chose to use a recording device to record the interviews. 

This way the interview can be listened to again and will minimize the chances of missing 

important details of the interview.  

7.1.2 Respondent selection 

Before the interview can be conducted, the respondents needs to be determined. MAASTRO 

CLINIC has several groups of highly educated employees working in three units. Each unit, as 

previously mentioned, has its own treatment areas and specialities. However, the processes 

related to the linear accelerator of each unit are (almost) similar. Since the group of 

respondents needs to be a balanced and representative mix for the entire organization (Van 

Aken, et al., 2004) it was decided to conduct interviews with members of all three units.  

 Within each of the three units, there are many different professions (e.g., doctors, 

physicists). However, there is one group of employees that actually work with the linear 

accelerators of Siemens Medical. This group solely consists of radiation technologists.  

 In addition, it was found during the orientation interviews that the other professions 

like, for example, radiotherapeutic oncologists or members from the TIQc department do not 

know the processes related to the linear accelerators. So, selecting members of other groups is 

not useful. Therefore, a random sample was selected from the radiation technologists group.  

At this moment this group consists of 60 employees, divided over the three units. 

Unfortunately, it is impossible to conduct an interview with all employees. Therefore, to save 

resources a sample of this population has to be used (Cooper & Schindler, 2006). In order to 

select an appropriate sample size the burden on the organization, the expected results, and the 

project duration had to be considered. The sample size has been determined based on the 
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concept of convenience sampling (Cooper & Schindler, 2006). The resulting number of 

selected participants is twelve. The selection of the individuals for the sample has been done 

randomly across all radiation technologists (both part- and fulltime), but with the limitation 

that all three units were represented in the sample. The result of the sample selection are 

shown in Table 7.1 below. 
 

 Sample size (n) 

Unit 1 3 

Unit 2 5 

Unit 3 4 

Total 12 
Table 7.1: Number of participants per unit and total number of participants 
 

In the following section the results of the interviews conducted with the selected radiation 

technologists are discussed. 

7.2 Results 

During the interview the answers of the participant were written down on a standard answer 

template by the researcher. Afterwards the recording of the interview was listened to at least 

once by the researcher to ensure all details of the interview were noted on the template.  

The answers to the four parts of the interview will be presented in this section 

separately (see Appendix D.1.3). First, the process steps were discussed with the interviewees 

in relationship to the possible failures and risks encountered in those steps. The resulting 

descriptions of failure types and risks are presented in Appendix D.2.1. Investigating the 

three different units found that members of unit two had identified the most failure types on 

average (see Table 7.2) in all process steps; unit 1 on average had the least. 
 

 Average (#) 

Unit 1 31.7 

Unit 2 38.6 

Unit 3 33.8 
Table 7.2: Average number of failure types, risks, and deviations identified per unit 
 

The failure types and risks identified during the interviews resulted in a number of indications 

for workarounds. Since the process steps were discussed successively, several deviations 

from these steps were identified. These deviations are indications for and descriptions of 

workarounds. During this first part of the interview in total 20 indications for workarounds 

were identified. In order to illustrate what kind of indications were found during the 

interviews, three examples are given below:  

• “forgot to check the positioning of the bolus”; 

• “technically not feasible to execute shift on high lasers”; 

• “cannot match recordings in TNT”. 

 

These types of indication were questioned by the researcher in detail and worked out towards 

full descriptions of workarounds, as will be discussed in the Section 7.3. 

The second part of the interview was about the reporting behaviour of the interviewee. 

This part was added to check the findings of the database analysis (see Chapter 6). It found 

that seven interviewees had reported more technical failures during the start-up period and 

did not report them as incidents in the same period. In later stages they reported some 

technical failures and all incidents. One interviewee reported only the incidents and reported 

no technical failures at all during the start-up period. Currently, all incidents and failures are 
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reported by this person. The remaining four interviewees indicated that they reported all kind 

of incidents and failures during all periods. 

 Due to finding different reporting behaviours during the start-up period, the existence 

of a bias in the database information during the start-up period is supported (as described in 

Chapter 6). Additional research, however, will still be necessary to increase the reliability of 

these conclusions. 

 In the third part of the interview the interviewee was shown examples of workaround 

descriptions and asked to confirm these and to think about other examples that can be present 

during the discussed processes. This resulted in an additional 30 indications of workarounds.  

 The interviewees found it easier to think of indications of workarounds when 

provided with some examples. This method triggers the interviewee to think about minor 

process deviations that can be an indication of a created workaround. An overview of the 

numbers of indications provided by interviewees of the different units is shown in Table 7.3. 
 

 Count N Average (#) 

Unit 1 18 3 6.0 

Unit 2 22 5 4.4 

Unit 3 10 4 2.5 
Table 7.3: Workaround indications provided by different units 
 

As can be seen in the table, unit 3, which is working with the linear accelerator the longest, 

reports the least workaround indications on average. Unit 2 is second and unit 1 indicates the 

most per interview. Comparing this finding to the timeline as presented in Chapter 2, this 

finding is an indication that the awareness of the usage of workarounds decreases over time. 

Since this finding is not within the scope of this project, it is recommended to investigate this 

further in future research.  

 The fourth part of the interview resulted in a list of other problems that are 

encountered by radiation technologists when using the linear accelerator. The results can be 

found in Appendix D.2.2. It revealed that (most of) these issues were already discussed with 

the TIQc department and will, therefore, be left outside the scope of this project. The TIQc 

department will be able to communicate these issues to Siemens Medical through their 

communication channel. 

7.3 Workaround descriptions 

From the data gathered during an interview any deviation from the recorded processes were 

listed. It was found that, in total, 50 indications for both organizational and individual 

workarounds were mentioned during the interviews (see Table 7.4 and 7.5). For example, it 

was found that in some reports it was mentioned that a check was not performed by one of 

the radiation technologists. However, checking the description of the protocols and 

procedures revealed that such a check was not installed in a formal way. This is an example 

of adding a process step as mentioned in Section 4.2.2. 

It occurred that multiple interviewees mentioned the same indication. Therefore, 

several of these indications needed to be combined. This resulted in 27 conceptual 

organizational and 4 conceptual individual workaround descriptions. The descriptions were 

sent to the interviewees, who named the indication(s) that led to the description, for 

confirmation. Depending on the interviewees’ comments the workaround was approved, 

adjusted, or rejected. This process resulted in a list of 22 organizational workarounds (see 

Table 7.4). These descriptions of the workarounds were provided to several members of the 

organization for additional comments. This group contained a manager, the Patient Safety 

Manager, the Patient Safety Officer, and a radiation technologist (who did not participate in 
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the interview sessions). After the comments were received 4 workarounds needed an 

adjustment before approval.  

 The comments were processed in order to finalize the descriptions of the workarounds. 

This procedure resulted in a list of 22 organizational workarounds that were approved (see 

Table 7.4). Three examples of such a workaround description are provided here for the sake 

of clarity: 
  

When a patient is placed on the treatment table, several EPIDs need to be made for checking 

the patient’s position, to ensure that the treatment is done on the correct spot. Therefore, the 

pictures made before the treatment need to be compared with the earlier pictures of that 

patient by a system called TNT. 

Sometimes the pictures cannot be imported in TNT system due to several different 

reasons before treatment. A delay is caused in the matching procedure. The limited time for 

treating a patient or the patient movements, due to pain, is restricting the time it could take to 

match the pictures. 

When the system has a problem importing the pictures for matching, the matching will 

be performed by naked eye. 
 

The SHIFT process is part of the positioning of the patient on the treatment table. In this 

process the treatment table position needs to be changed in order to place the patient in the 

position on which the radiation plan is made. The radiation technologist has to read the 

figures of his SHIFT-form and has to change the table position to the right parameters. The 

table parameters are presented on the table display. 

On the shift-form on which the figures are presented to the radiation technologist, 

these figures are presented in centimeters due to software limitations. However, the table 

display presents the same figures in millimeters.  

The radiation technologist has to look carefully to these figures and has to convert the 

numbers by her/him self.  
 

Before the treatment of the patient the position of the patient is adjusted to the Siemens laser 

lines (i.e., ‘high’ lasers). These ‘high’ laser lines make sure the patient is placed on the right 

spot for the treatment.  

When a tube (inlay) is used for the treatment of a patient it is impossible to adjust the 

patient based on the ‘high’ lasers. In that case, the tube is blocking the laser lines. 

Therefore, the patients’ position is adjusted based on the additional laser lines (‘low’ 

lasers) and the necessary adaptation will be calculated to eventually place the patient in the 

right position.  
 

The final descriptions of all 22 workarounds can be found in Appendix D.3.1. 
 

Organizational WA’s Count 

Indications of workaround 50 

Conceptual descriptions 27 

Rejected descriptions 5 

Adjusted descriptions 4 

Final workarounds 22 
Table 7.4: Overview of organizational workaround development 
 

In addition to these organizational workarounds there were also indications for workarounds 

that were different for several individuals, so called individual workarounds.  
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There were four conceptual descriptions developed from the interview results. The 

descriptions were reported back to all interviewees, in contrary to the organizational 

workaround descriptions, for evaluation. It was found that one of the descriptions needed 

some adjustment (see Table 7.5). The final individual workaround descriptions can be found 

in Appendix D.3.2.  
 

Individual WA’s Count 

Indications of workaround 50 

Conceptual descriptions 4 

Adjusted descriptions 1 

Final workarounds 4 
Table 7.5: Overview of individual workaround development 
 

Since these workaround descriptions contain basic information of human factor problems 

with the linear accelerators, (a subset of) these workarounds will be analyzed in order to 

acquire details in the next chapter.  
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Chapter 8. Workaround analysis 

 

In this chapter, the identified workarounds will be analyzed in order to be able to provide 

specific details about the user problems to Siemens Medical. The descriptions need to be 

worked out into usable data (e.g., customer needs, specifications). Because of the differences 

between the composition of organizational and individual workarounds (see Chapter 7) it was 

decided, in consultation with the supervisors of the Eindhoven University of Technology and 

MAASTRO CLINIC, to discuss them in different ways.  

However, due to the limitations of this project and in consultation with the supervisors, 

it was decided to not analyze the individual workarounds in detail during this project. It found 

to be less interesting to investigate individually developed workarounds in comparison to the 

organizational workarounds. A (short) justification of this choice to not analyze the 

individual workarounds can be found in Appendix E.3. A recommendation for future research 

is to analyze and process these individual workarounds and to attempt to provide a general 

framework for this purpose for all (types of) individual workarounds. 

In the remainder of this chapter the analysis of the organizational workarounds will be 

discussed. 

8.1 Organizational workarounds 

In this section the organizational workarounds are analyzed in detail in order to acquire more 

information to communicate to Siemens Medical. It is important to show what impact the 

workarounds have on the safety of processes, patients, and employees at MAASTRO CLINIC.

 To analyze these workarounds it was decided, in consultation with the supervisors of 

MAASTRO CLINIC and the Eindhoven University of Technology, to use the SAFER method. 

This method has been selected because (1) it is a method which the members of MAASTRO 

CLINIC are familiar with, (2) no retrospective information is available about the details of the 

workarounds (see Chapter 6), therefore, a prospective method is necessary to provide insight 

into the risks of the workarounds, and (3) this method results in all kind of interesting 

information for communication purposes including severity, frequency, and actions proposed 

by the users to control or eliminate the problems.  

8.1.1 The SAFER Method 

In this section the five steps of the SAFER method will be discussed briefly as performed 

during the project. Additional details about the method can be found in Appendix A.8. In the 

following section (1) the definition of the SAFER topic, (2) the assembly of the team, (3) the 

graphical descriptions of the processes, (4) the conducting of the hazard analysis, and (5) the 

identified actions and outcome measures will be discussed. 

 

Step 1: Define the SAFER topic 

The selected topic of the SAFER session is a subset of the organizational workarounds 

identified during the interviews and described in Chapter 7.  

The use of a subset is necessary in this case, because analyzing the 22 organizational 

workarounds using SAFER sessions creates a great burden on MAASTRO CLINIC and the 

researcher. In consultation with the Patient Safety Manager of MAASTRO CLINIC and the 

first supervisor of the Eindhoven University of Technology it was decided to select a subset 

to make the assignment feasible for both parties. Of course, this subset has to be suited for the 

purpose of this project. Therefore, two selection criteria for selecting organizational 

workarounds for the subset were formulated: 
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1. since the scope of this project is related to Siemens Medical only, the organizational 

workarounds in the subset should be related to equipment of Siemens Medical solely; 

and 

2. to increase the value of the acquired information for Siemens Medical, the selected 

organizational workaround should not be specific for MAASTRO CLINIC, but 

applicable in multiple institutions for radiotherapy. 

 

These two criteria are applied to the 22 organizational workarounds identified during the 

interviews. The results of this utilization are shown in Table 8.1. 
 

 Initial set Set criteria 1 Set criteria 2        Subset 
 (Criteria 1 & 2) 

Count 22 10 6 4 

WA numbers 1 - 22 3, 4, 7, 8, 10, 12, 

13, 16, 21, 22 

3, 4, 10, 12, 18, 

19  

3, 4, 10, 12 

Table 8.1: Results of the subset creation 
 

The subset of organizational workarounds will be the focus of the SAFER sessions. 

Concluding this step, the subset of four organizational workarounds (3: treatment not in 

sequence; 4: total dose calculation; 10: shift table into position; and 12: application of bolus) 

represent the topics for the SAFER analyses.  

 

Step 2: Assemble the team 

The team that participates in the SAFER session should be a multidisciplinary team in order 

to ensure that multiple viewpoints are considered. Maastro, et al. (2006) prescribe three roles 

(a subject matter expert(s), an advisor, and a team leader) within the team. In addition, it is 

necessary to include members of all three units since they treat different body parts of 

patients and, thus, can encounter different failures related to the subset of workarounds. 

Taking this into account a team has been assembled. The team for the SAFER sessions has 

the following composition: 

- The role of the team leader is performed by the researcher; 

- The role of the advisor is taken by a radiation technologist (unit 2) familiar with 

general processes; 

- The role of subject matter experts is taken by three radiation technologists: 

o A radiation technologist from unit 1 and member of the Reporting Committee; 

o A radiation technologist from unit 2 and expert on the EPI process; 

o A radiation technologist from unit 3 and Patient Safety Officer. 

 

Step 3: Graphically describe the process 

In this step flowcharts of the selected workaround descriptions are created. The flowcharts 

are presented in Appendix E.1. The (identified) sub-processes of the workarounds have 

received a number for clarification purposes during the analysis.  

 These flowcharts were examined by two radiation technologists and compared with 

the workaround descriptions that were formulated earlier. In agreement with these two 

radiation technologists the flowcharts were finalized and approved for the SAFER session. 

 

Step 4: Conduct a hazard analysis 

Using the flowcharts, a hazard analysis has been conducted during the SAFER session. 

According to the method it has to be seen whether the root causes of a potential failure mode 

need to be identified or not. This is determined by the hazard score (i.e. the severity 

combined with the probability of a potential failure mode) of a failure mode and the SAFER 

decision tree outcome (see Appendix A.8). 
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In contrast to, first analyzing all failure modes, as the description of the method by 

Habraken, et al. (2007) prescribes, in this project, the accompanying root causes of a 

potential failure mode are identified directly. Members of MAASTRO CLINIC found that this 

method was easier for them. In this way, they can discuss failure modes and root causes 

simultaneously without switching from mind-set. Another advantage of this method is that 

the list of root causes is more complete since all failure modes will be explored. A 

disadvantage is that it will take (some) extra time. 

 

Step 5: Actions and outcome measures 

For all failure types the decision tree (see Appendix A.8) has been followed first. From this 

analysis it has been determined whether to proceed with the analysis of the failure type or not. 

If it was decided to analyze the failure type, for each identified cause related to that failure 

mode the decision tree is used as well. 

 If it was revealed that the identified cause does not need further analysis, no actions 

are considered. For all identified causes that will be preceded with, the team decides whether 

the cause should be eliminated, controlled, or accepted. If accepted, no further action will be 

performed. If it was decided to eliminate or control the cause (potential) actions are 

considered by the team. For each (potential) action the outcome measure and responsible 

person has been determined.  

 In this case instead of referring to the responsible person it merely referred to the 

responsible company (e.g., MAASTRO CLINIC or Siemens Medical). This makes sure that the 

selection of information for communication purposes in a later stage is completed. 

8.1.2 Results of the SAFER analyses 

In this section the results from the SAFER analyses of the four organizational workarounds 

are presented. The SAFER sheets that contain the detailed information of the analyses can be 

found Appendix E.2. An overview of the figures are presented in Table 8.2, in which (1) the 

number of failure modes found during the analyses are presented per workaround, (2) the 

number of identified causes is given, (3) the number of descriptions of actions as developed 

from the analysis is given, and (4) the number of unique descriptions is presented. This last 

column is particularly interesting, because this represents the number of unique actions that 

have been proposed during the SAFER sessions. It can occur that a proposed action is 

mentioned more than once during a SAFER analysis. However, it makes no sense to 

communicate an action more than once. For example, workaround 3 has resulted in 13 

descriptions of actions, but several of them are mentioned more than once. Eliminating the 

duplicate descriptions of action results in seven different (i.e., unique) descriptions of action. 

 
 

 

WA 

#  

Failure 

modes 

 

# 

Causes 

#  

Descriptions 

of action 

#  

Unique descriptions 

of action 

3 15 48 13 7 

4 8 19 13 4 

10 15 45 20 10 

12 18 49 22 10 

Total 56 161 68 31 
Table 8.2: Overview of results of the SAFER analyses on organizational workarounds 
 

The number of unique descriptions can be divided into actions proposed for MAASTRO 

CLINIC and those for Siemens Medical. The result of this division is presented in Table 8.3 

and an overview of the short descriptions of the proposed actions can be found in Appendix 

E.2.1.  
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WA 

# 

Responsibility for 

MAASTRO CLINIC 

#  

Responsibility for  

Siemens Medical 

3 1 6 

4 0 4 

10 5 5 

12 6 4 

Total 12 19 
Table 8.3: Different descriptions of action related to responsible organization 
 

As can be seen in Table 8.3, from the SAFER analyses of the four workarounds there are 12 

improvements proposed for implementation by MAASTRO CLINIC and 19 for 

implementation by Siemens Medical. These 19 descriptions of actions are related to 

equipments needs and specifications as found by MAASTRO CLINIC. 

 It is recommended that MAASTRO CLINIC will use this information for the 

improvement of processes and environments internally. Since MAASTRO CLINIC uses the 

SAFER method regularly, the proposed actions can be handled using the normal channels 

within the organization. 

The 19 descriptions of action for Siemens Medical that are proposed are 

recommended to be communicated between the two parties. As can be seen, the descriptions 

of actions present actually either a kind of specification for the product or a customer need. 

To be able to communicate this information between the user and manufacturer, the 

implementation of a communication plan has to be completed (see Chapter 9).  
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Chapter 9. Implementation design 

 

In this chapter an implementation design has been developed, in consultation with the 

Innovation Manager, Patient Safety Manager, and a Head of the radiation technologists, 

based on the experiences during this project. The findings of the case-study at MAASTRO 

CLINIC need to be communicated to Siemens Medical in order to complete the goal of this 

project and to provide Siemens Medical with the opportunity to improve the quality and 

safety of their equipment, as previously mentioned. For Siemens Medical MAASTRO CLINIC 

can be seen as a lead user as defined by Von Hippel (1989). It was revealed by researchers 

that lead users are not only providing customer needs that will become general in a 

marketplace months or years in the future, but also can provide specific solutions to problems 

as found in the results of this project (Kaulio, 1998; Lilien, et al., 2002; Von Hippel, 1989). 

In addition, researchers are supporting the lead user (LU) approach because they have found 

it creates two important advantages:  

1. users rather than manufacturers are initial developers of what become new products, 

this participation has been found to be important to prevent errors in future product 

designs (Garmer, et al., 2002; Shaw, 1985; Von Hippel, 1988); and 

2. innovation by users takes place mostly at lead users. Therefore, using information 

from lead users will increase the innovative performance of a manufacturer (Morrison, 

et al., 2000; Urban and Von Hippel, 1988). 

 

The LU approach has been divided into four phases (Lilien, et al., 2002; Urban and Von 

Hippel, 1988; Von Hippel, 1989). These phases can be related to parts of this project to show 

the congruence between the LU approach and this project (see Table 9.1). The selection of 

lead users needs to be performed carefully. It is important that selected lead users ‘live in the 

future’ so they are able to provide information (1) ahead of the market and (2) receiving more 

acceptance later (Lilien, et al., 2002; Herstatt and Von Hippel, 1992). MAASTRO CLINIC, as 

mentioned in Chapter 2, can be seen as such a user in the research field of patient safety. 
 

Phase of LU approach Relationship to the project 

Identifying an important trend Increasing interest in patient safety 

Identifying lead users MAASTRO CLINIC is leading on improving patient safety 

Obtain and analyze lead user need data VOiCe and SUBMIT (Sections 9.1 and 9.2) 

Testing the value of lead user need data Future research (Chapter 10) 
Table 9.1: Relationship between the phases of the LU approach and this project 
 

Note that the obtaining and analysis of lead user need data does not end at the determination 

of the requirements and specifications of a new product design. It is important in the LU 

approach that the users are also involved in the following development stages in order to 

create a cooperative understanding between the developers at the manufacturer’s site and the 

users of the product to be designed (Kaulio, 1998; O’Neill, et al., 1999). Future research 

should determine the opportunities for expanding the LU approach for the companies 

involved in this case study. 

Obtaining the information from lead users is an important phase of the LU approach. 

But, since the current information flow within Siemens Medical is not performing optimally 

(as discussed in Chapters 2 and 5), it is important to first discuss a redesign of this 

information flow. This redesign will enhance the efficiency of the information collection 

process and the usability of the information for this purpose. Second, the method for 

extracting useful human factor information (in this case workarounds) from the lead user’s 

organization (i.e., MAASTRO CLINIC) and the transfer to the manufacturer (i.e., Siemens 
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Medical) will be discussed. It is important that the information sent to the manufacturer is of 

high quality. The described method will ensure the information that is transferred to the 

manufacturer fulfills those demands. 

9.1 Redesign of the information flow at Siemens Medical 

Since 2006, Siemens Medical has recognized the importance of using customer input for 

developing new products or upgrades. A project was started within the organization to initiate 

cooperation between them and (initially) their three centers of excellence which is focused on 

gathering user information for their new product development process. 

 In order to gather this information efficiently the information flow in the organization 

of Siemens Medical (see Chapter 5) has to be changed. Siemens Medical has, therefore, 

initiated a redesign project for the information flow (Kowielsky, 2007). The redesigned 

process centralizes all information in a database called ‘VOiCe (of the customer)’ as is shown 

in Figure 9.1. 
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Figure 9.1: Redesigned information flow from customers to Siemens Medical (Kowielsky, 2007)  
 

This new database will be embedded in the existing landscape of NPD process information 

flow at Siemens Medical. Recapitulating from Chapter 5, this landscape consisted of 

customer complaints, some fragments of user input, and the input from the focus group 

meetings at the start of a NPD project. The VOiCe tool is added to this landscape as shown in 

Figure 9.2. 
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CCHS VOiCe CHARM

Requisite Pro / 

CaliberRM

Customer complaints Customer request

Accepted customer requests for not 

released requirements, e.g., new 

projects or requirements pool

Accepted customer requests 

for released requirements

Accepted 

change requests

 Figure 9.2: Redesigned information landscape (adjusted from Kowielsky, 2007) 
 

As can be seen in Figure 9.2, the customer complaints will not be collected in the VOiCe tool, 

but will be handled equally as in the previous design. But, with the addition of the VOiCe 

tool, a new type of information can be collected (i.e., customer requests). These requests can 

consist of a need for additional modules or tools in a specific software package to a 

specification for redesign of a hand-controller or display. At this moment, a conceptual 

design of this new information flow and VOiCe tool has been developed (Kowielsky, 2007).  

9.1.1 VOiCe database 

A customer request can be entered in the database by using the internet. The opportunity to 

log-in to the VOiCe system will be presented on a dedicated website. Next, a page for 

submitting requests and a page for managing requests is added. A graphical representation 

(i.e., screenshots) of the conceptual design of this tool is shown in Appendix F.1. 

All data entered in the VOiCe database will be considered as to whether the request is 

honoured or not. Next, a division is made between requests for already existing requirements 

(of existing or conceptual products) and requests for new (i.e., non-existing) requirements. 

The existing requirement requests are transferred to the CHARM database, as used in the 

previous design. In the CHARM handling process again the decision to proceed with the 

request will be made depending on the possibilities of the existing requirements. The new 

requirement requests will directly be transferred to the Requisite Pro / CaliberRM database, 

which are used by the engineers to check for requirement specifications in their new product 

development process. 

Of course, the customer request input should be reliable and valid in terms of its 

necessity and value to the customer. It makes no sense to request additional features or 

redesigns that have no firm base in improving the users’ processes on both efficiency and, 

importantly in the case of this project, safety. In order to guarantee the information entered in 

the VOiCe tool, proven methods should be used to extract the information from the customer 

site.  

In order to motivate the customers to enter sensible requests in the database, it is 

necessary to provide them with feedback about what is done with their request. The feedback 

system that is designed at Siemens Medical will be discussed in the following section. 
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9.1.2 Feedback 

In order to provide sufficient feedback to the customers a system is designed that will provide 

information about a customer’s request either when their request is declined or when their 

request is accepted. A graphic presentation of the feedback system is shown in Figure 9.3. 

 
Figure 9.3: Design of the feedback system from the manufacturer to the customer (Kowielsky, 2007) 
 

As can be seen in Figure 9.3, after the customer enters a request about a specific piece of 

equipment it will be distributed to the person responsible for that equipment. In addition, all 

necessary information has been gathered to make a decision about the request. Then the 

decision will be made whether to accept or decline the request. Either way, the submitter of 

the request will be informed about the decision and the status of the request (Kowielsky, 

2007).  

 As stated before, a request that is not grounded on any analysis will probably be 

declined. In order to acquire requests a method to assist users has been developed and 

described in the following section. 

9.2 SUBMIT  

This method is developed for obtaining and analyzing user need data at the lead user’s site 

and communicating the data to manufacturers. The abbreviation stands for ‘Stating User 

Behaviour to Manufacturers In radioTherapy’ (SUBMIT). The method is developed 

following the steps as performed during this project. This will be discussed first in this 

section. Second, the format for submitting a request in the VOiCe tool needs to correspond 

with the format of the outcomes of the analysis. Therefore, the outcomes of the method and 

the VOiCe tool need to be connected.  
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9.2.1 Development of the method 

The method is developed by following the steps of this thesis. The connection between the 

chapters of this thesis and the steps of the developed method are shown in Tabel 9.2. In 

addition, a flowchart for performing these steps is shown in Figure 9.4. 
 

Table 9.2: Process steps of SUBMIT 

 

The detailed descriptions of each step 

can be found in Appendix F.2. 

 

 

 

 

 

 

 

 

     

  
      Figure 9.4: Flowchart of successive process steps 

9.2.2 Transcribing and submitting a request 

The last step that needs to be discussed is the final step of the method (i.e., step 6). This step 

is not yet discussed, because, until this point, the identification and analysis of workarounds 

at the user’s site and the developments at the manufacturer’s site were performed (almost) 

independently. For the implementation of both the method and the new information flow, it is 

important that these two sides are connected well.  

 Fortunately, the developments were not performed completely separately and, 

therefore, a fit between the VOiCe tool (see Appendix F.1) and the outcomes of the analysis 

of workarounds (see Chapter 8) can be established without difficulties. The outcomes of the 

analysis and their corresponding fields in the VOiCe tool are shown in Table 9.3. 
 

Outcomes of analysis VOiCe field 

Extended action description Description 

Failure mode and causes Reason/Use case 

Hazard score Priority 
Table 9.3: The (most important) outcomes and their corresponding fields 
 

A detailed explanation of the correspondence of each field of the VOiCe tool and the 

outcomes of the analysis can be found in Appendix F.2, step 6. It should be noted that the 

proposed actions found during the SAFER sessions should be explained more extensively for 

better understanding by the engineers of Siemens Medical. The results of these extensive 

explanations as revealed in the case-study are shown in Appendix E.2.1. 

Process Description Chapter 

Step 1 Topic selection 4 

Step 2 Process descriptions 7.1 

Step 3 Interviews 7.1 

Step 4 Description & Verification 7.3 

Step 5 Analysis of workarounds 8 

Step 6 Transformation & Submitting 9.2 

New 
information?

Step 1:
Topic selection

Step 2:
Process 

descriptions

Step 3:
Interviews

Step 4:
Descriptions &

Verification

Descriptions
OK?

Step 5:
Analysis

Step 6:
Transformation & 

submitting

YES

NO

NO

YES
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9.3 Additional issues for implementation 

In this section, first, the period in which the analysis should be conducted will be discussed. 

Second, at the user’s site responsibilities for submitting the requests should be determined. 

Finally, the application criteria (e.g., conduct analyses on updates and/or new equipment?) for 

using the SUBMIT method are discussed. 

9.3.1 Period of analysis 

In Chapter 6, it was found that in the first two months of the introduction period of new 

equipment workarounds are developed and that analysis in these first two months will not be 

useful. Based on the database analysis, it is suggested to start with the analysis at least two 

months after the introduction. 

 However, it can come to pass that workarounds are seen as normal processes (as has 

been discussed in Section 7.2). Therefore, an additional analysis has been performed. An 

analysis has been performed to identify whether employees remain aware of their usage of 

workarounds. If employees do not know they are using workarounds during their work it is 

impossible to extract indications or descriptions from the organization using interviews. It, 

therefore, will be important to get a grasp on the period in which employees are (reasonably) 

able to provide the necessary information and, thus, in what period the method should be 

executed. A (brief) report of this analysis can be found in Appendix F.3.  

 From this analysis it can be concluded that the notion of employees of using 

workarounds is decreasing over time. From this additional analysis and the database analysis 

of Chapter 6, MAASTRO CLINIC is advised to apply the method in the period from two 

months till (almost) three years after initial introduction (see Appendix F.3).  

9.3.2 Responsibilities 

The application of the method at the user’s site should be led by one of the members of the 

user’s organization. This person should make sure that all steps are performed well by 

him/herself or by a properly selected member who executes the steps. 

 It is important that the requests that are submitted are of high value for the 

manufacturer, as mentioned before. In order to make sure that this process will be handled 

properly, one (or two) member(s) should be responsible for submitting requests in the VOiCe 

tool. 

9.3.3 Method application criteria   

In this section, it will be (briefly) discussed at which introduction of equipment this method 

should be applied. It is clear that when completely new equipment (e.g., a new linear 

accelerator) has been installed the method should be applied. However, next to the 

introduction of complete new equipment, updates (both software and hardware) will be 

installed as well. For the decision whether to apply the method or not, it will be necessary to 

discriminate between two types of updates, namely (1) updates that DO NOT change a process 

and (2) updates that DO change a process.  

Since no process is changed with the first type of upgrade it will not be useful to 

apply the method. For the second type, however, the process is influenced and, thus, it can be 

useful to re-examine this part of the process using the developed method.  
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Chapter 10. Conclusions and recommendations 

 

In Section 10.1 the conclusions of this qualitative case-study are put forward regarding the 

problem statement and the accompanying research questions. The conclusions have been 

formulated based on the analysis at MAASTRO CLINIC, the results of the applied methods, 

and the analysis of the NPD process of Siemens Medical for the effective implementation of 

a user-manufacturer communication plan for improvement of both processes and equipment 

on quality and safety. In addition, recommendations for both MAASTRO CLINIC and Siemens 

Medical with respect to the application of the method, the decisions to be made, and the 

continuation and extension of the communication plan are described. Finally, in Section 10.2, 

suggestions for future research and practice are presented. 

10.1 Conclusions and recommendations  

The problem statement for this project (as formulated in Section 3.1) was described as 

follows: 
 

There is no insight at MAASTRO CLINIC into what and in which way information can be 

communicated to Siemens Medical in order to improve the quality and safety of future 

products.  
 

To provide a solution to this problem the following research questions (see Section 3.2) 

needed to be answered during this project: 
 

1. What type of information is useful for Siemens Medical to improve the quality and safety of both     

    processes and equipment, is available at MAASTRO CLINIC, and is not communicated in the current  

    situation? 

2. How can this type of information be extracted from MAASTRO CLINIC?  

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

4. How could this information be processed for communication purposes with Siemens Medical? 

5. Is the information flow at Siemens Medical organized effectively for receiving user information?   

   If not, how can it be (re)designed to make it effective for communication purposes with users? 

 

In this section the conclusions and recommendations with respect to these research questions 

are discussed. 

 

1. What type of information is useful for Siemens Medical to improve the quality and safety of 

both processes and equipment, is available at MAASTRO CLINIC, and is not communicated in 

the current situation? 

With respect to what type of information has been communicated at this moment it can be 

concluded that the current user-manufacturer communication between MAASTRO CLINIC’s 

TIQc department and Siemens Medical’s technical mechanics is about product failures.  

However, this questions implies that a type of information should be selected that will 

be useful for improvements on both processes and equipment with respect to the quality and 

safety. It can be concluded from the findings of this case-study that this type of information is 

workarounds. Since these workarounds are developed by employees of MAASTRO CLINIC to 

overcome imperfections in both processes and equipment, the analysis of workarounds can 

provide interesting information to both Siemens Medical and MAASTRO CLINIC. 
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Recommendations 

• For this project, the information about workarounds has been selected, but it should 

be investigated whether there are more types of information that provide such useful 

insights (e.g., Design Council, 2003). 

• The current communication between MAASTRO CLINIC and Siemens Medical should 

be extended from not only the TIQc department and the technical mechanics of 

Siemens Medical, but communication conferences should also take place between 

higher levels of management of both organizations. 

 

2. How can this type of information be extracted from MAASTRO CLINIC?  

To answer this question, first, an investigation has been performed on the opportunities the 

PRISMA database of MAASTRO CLINIC offers with respect to the extraction and analysis of 

workaround information. It can be concluded that the PRISMA database is not usable for this 

purpose since (1) it contains a bias due to the introduction of the new equipment and (2) the 

information of workarounds cannot be extracted explicitly from the information available in 

the database. 

 Second, a method selection resulted in the application of interviews. The semi-

structured interview technique was used to extract workaround information from MAASTRO 

CLINIC. Since this method successfully resulted in the extraction of 22 organizational and four 

individual workaround descriptions, it can be concluded that this approach succeeded in 

extracting the information from the organization and is useful for this purpose. 
 

Recommendations 

• It was found that the PRISMA database contained a bias due to the introduction of 

new equipment. Research on database biases has been performed by researchers (e.g., 

Habraken, 2005; Van der Schaaf & Kanse, 2004) and it is recommended that 

strategies will be investigated in order to eliminate the bias of the PRISMA database 

at MAASTRO CLINIC. 

• There are 22 organizational and four individual workaround descriptions found by 

using the structural interview technique. The interviews were continued till no new 

information was gathered from the interviewees. However, it should be investigated 

by MAASTRO CLINIC whether even more workarounds exist in this process. 

  

3. How could this information be processed for improving processes at MAASTRO CLINIC?  

4. How could this information be processed for communication purposes with Siemens 

Medical? 

These two questions can be combined in this concluding section. The processing of 

information starts with the extraction of useful information, which is already discussed here. 

The extraction of information resulted in descriptions of workarounds. It was found that it is 

necessary to analyze these descriptions to gather details (e.g., causes, solutions) for both 

improving processes at MAASTRO CLINIC and communication with Siemens Medical.  

 In this project only the organizational workarounds have been analyzed. For these 

workarounds, it can be concluded that the SAFER method is a useful method since (1) 

workarounds are processes which can be analyzed using a prospective method, (2) the 

SAFER method is a familiar method for (several) health care institutions (including 

MAASTRO CLINIC), (3) the SAFER method results in diverse types of useful information 

(e.g., causes, solutions), and (4) the results of this case-study show practical findings. 
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Recommendation 

• In this case-study a subset of workarounds was selected for analysis due to time 

constraints of the project. It is recommended that analysis will be performed on all 

workarounds as described during this project. This will result in more detailed 

information that can increase both the number of actions found. 

• It was found in this case-study from the information extracted that the individual 

workarounds cannot be analyzed using the SAFER method. It is recommended that 

the individual workarounds are analysed in a different way in future research, as 

proposed in Appendix E.3. 

 

5. Is the information flow at Siemens Medical organized effectively for receiving user 

information? If not, how can it be (re)designed to make it effective for communication 

purposes with users? 

It should be noted that this question is specifically related to the information flow for the 

input of the NPD process of Siemens Medical. From the description of the information flow it 

can be concluded that the current input is not managed effectively. Important input from 

users is transferred to many different systems within Siemens Medical and it is unclear to 

customers what has been done with their provided information.  

 However, at Siemens Medical the understanding of the importance of customer input 

has been developed. In order to manage the requests from customers in a more efficient 

manner and use the information during their NPD process a new information flow has been 

designed. This (re)design consists of two important components for improvement, namely, (1) 

a structured information transition process and (2) an adequate feedback process to customers 

which submitted a request. At this moment, the conceptual redesign of the information flow 

in which all useful information will be stored in the requirements’ management systems and 

in which feedback will be provide to the customers about their request is (almost) available 

for implementation.  
 

Recommendations 

• It is recommended that Siemens Medical implement the redesign of the information 

flow as soon as possible. By doing so, they will create a competitive advantage over 

other manufacturers of medical equipment, especially in the oncology sector. 

• The redesigned information flow for requirements at Siemens Medical is inclined to 

usage on a large scale, however, it is recommended to Siemens Medical to provide the 

privilege of providing input to a small amount of customers. The criteria for access to 

this database should be based on the quality of information an organization can 

submit. It is, therefore, recommended to only provide access to this database to the 

three reference sites.  

• The VOiCe database should be less general in order to decrease the threshold for 

handing in requirements. It is therefore recommended that the information about the 

products that a customer has installed and the contact information of the customer in 

the log-in be included. As a result the new request form (1) should have a drop down 

list for selecting the product to which the information is related and (2) should not 

include contact information field, but this should be linked to the organization that has 

logged-in. 

• As a result of the previous recommendation, it is recommended to MAASTRO CLINIC 

to assign one (or some) employees for filling in the forms and to gather feedback 

about the requests at one location (e.g., a fixed e-mail address). 
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• One of the results of the redesigned information flow is that Siemens Medical will 

provide feedback to the customers that entered a request. Until now, no time span has 

been determined in which the feedback should be provided. It is recommended to 

Siemens Medical to strive for a fixed time span of a month for providing feedback. 

 

In order to complete the solution for the problem statement as presented earlier, a method has 

been developed in which all previous findings are gathered (see Section 9.2). This resulted in 

a sequence of steps that can be applied. This method has proved to be useful for the case-

study performed at MAASTRO CLINIC on the processes around the ONCOR linear 

accelerator of Siemens Medical. 
 

Recommendations 

• The method has been developed using a case-study at MAASTRO CLINIC on the 

processes related to the ONCOR linear accelerator of Siemens Medical. At this 

moment a new type of linear accelerator is being installed at MAASTRO CLINIC. This 

new linear accelerator is the newest version that Siemens Medical has put on the 

market. Since the method has been developed in a case-study it is recommended that a 

pilot research on the new linear accelerator to validate the developed method on its 

usefulness for processes of other linear accelerators will be conducted. In addition, it 

is also advisable for MAASTRO CLINIC to test the developed method on its utility on 

completely different processes within their organization.  

• The method is developed using a case-study at MAASTRO CLINIC on the processes 

related to the ONCOR linear accelerator of Siemens Medical. Since MAASTRO 

CLINIC is one of Siemens Medical’s customers it is recommended that Siemens 

Medical provide the opportunity to (at least) the other two reference sites to 

implement this method as well.  

10.2 Suggestions for future research and practice 

In this section suggestions for future research and practice for both MAASTRO CLINIC and 

Siemens Medical are discussed.  

• Additional research will be necessary to confirm the exact size, origin, and content of 

the database bias as found at MAASTRO CLINIC. The results from the interviews 

revealed support for the conclusion as drawn in Chapter 6. However, additional 

questions on this topic have not been asked during the interviews to explore the 

findings more extensively. Future research should be conducted in order to investigate 

the findings and to increase reliability of the conclusions. 

• The workarounds that are identified during the project can be related back to many 

incident reports as was discussed in Section 9.3.1 and Appendix F.3. During the 

project it became clear that MAASTRO CLINIC was aiming to reduce the time 

between the actual reporting of an incident and the feedback on a report by the 

Reporting Committee to the reporter. In addition, the number of incidents that is 

reported is increasing rapidly. This results in a high workload for the Reporting 

Committee. In order to reduce the workload, it is suggested that MAASTRO CLINIC 

investigate the opportunity to use the workaround descriptions as a context variable in 

the PRISMA database. This way, incidents that are related to a workaround could be 

categorized and do not need a full investigation
10

 which will reduce the feedback time 

and will reduce the workload for the Reporting Committee.  

                                                 
10

 This investigation has already taken place during the analysis of the workaround and (almost) all details of 

workaround failures are familiar. However, it should be stated that it is important to verify whether the 

workaround is covering all aspects of the incident. 
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• It was found during this project that units which worked for a longer period with the 

new equipment reported lesser workaround indications and descriptions during the 

interviews. This indicates that the awareness of the usage of workarounds is likely to 

decrease over time. Since the investigation of this phenomenon was not part of the 

scope of this project, it is recommended that this finding will be investigated in detail 

by future research at MAASTRO CLINIC. 

• As previously mentioned, MAASTRO CLINIC wants to be more involved, as a 

reference site, in the product development of equipment that will be installed at their 

site later. Especially in the light of improving quality and safety of the equipment in 

the future this project was supported by them. This project has resulted in the 

provision of useful information (i.e., requests) as input for the NPD process at 

Siemens Medical to increase the quality and safety of their future equipment. In 

addition to this MAASTRO CLINIC is willing to cooperate even more during the 

continuation phases of the NPD process as proposed by the LU approach (Kaulio, 

1998). According to this approach it is important to involve lead users not only during 

the first phase of the NPD process, but also in the following stages. Therefore, it is 

suggested that Siemens Medical investigate the possibilities for further cooperation 

with the reference sites, as a development team, on the development of new 

equipment. The willingness of MAASTRO CLINIC to cooperate in such a cross-

functional team can result in a (even greater) competitive advantage for Siemens 

Medical in the medical industry. 

• This project has resulted in the identification and transition of potential solutions, 

designed by a lead user, for problems that occur due to the design of equipment and 

processes. Of course it will be important to test whether the solutions proposed by 

MAASTRO CLINIC indeed lead to reduced errors and workarounds. Future research 

should be conducted to investigate whether the changes in the design have improved 

patient safety in later product designs. An example of how to conduct such an 

investigation has been described by Garmer, et al. (2002). Thereby, testing the value 

of the lead user data as acquired in this case-study.  
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List with abbreviations and important definitions 

 

Accident An occurrence with actual adverse consequences (e.g., 

injuries, damages; Van der Schaaf, 1992). 

Causal tree A causal tree represents a structure of causes and 

consequences (Van der Schaaf, 1992). 

Cause A failure made following and triggered (directly or indirectly) 

by a root cause, leading to an incident (Van Vuuren, 1998). 

Classification/Action matrix A matrix supporting the formulation of the most effective 

measures (Van der Schaaf & Habraken, 2005). 

ECM Eindhoven Classification Model 

EPI Electronic Portal Imaging 

HFE Human Factor Engineering 

Human error Unsafe acts committed by people who are in direct contact 

with the system or a patient (Reason, 1991). 

Incident Combined set of occurrences of both accidents and near 

misses (Van der Schaaf, 1992). 

Information flow The design of the handling of information throughout an 

organization. 

Knowledge-based behaviour The conscious application of existing rules or schemes to the 

management of novel situations (Van der Schaaf, 1997; Van 

Vuuren, et al., 1997). 

MAASTRO Maastricht Radiation Oncology 

Near miss An occurrence with potentially important safety related 

effects that in the end was prevented from developing into 

actual consequences (Van der Schaaf, 1992). 

NPD New Product Development 

NPD process The sequence of activities that starts at the idea for a product 

and ends with a finished product on the market and service 

support. 

Oncological patient Patient of MAASTRO CLINIC, which suffers from cancer, and 

needs radiation treatment to heal from or delay the cancer. 

OOS ‘Onderling Overleg Siemens’ (Dutch)  

Organizational errors Problems with protocols and procedures, transfer of 

knowledge, management priorities, and culture or the 

collective approach to safety and risk (MERS TM, 2001). 

OZRC Conference of independent radiotherapeutic institutes. 

PRISMA method Prevention and Recovery Information System for Monitoring 

and Analysis; This method builds a quantitative database of 

incidents and process deviations, from which conclusions 

may be drawn to suggest optimal counter measures (Van der 

Schaaf, 1992).  

PRISMA profile A graphical representation of the deviation of root causes of 

all incidents or a certain type of incident that are registered in 

the database (Van der Schaaf, 1997). 

Prospective analysis Analysis on processes to identify potential risks and problems 

of designed processes before, or just after, implementation. 
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Reference site Institution that has received the status of the Center of 

Excellence of Siemens Medical which has special privileges 

to perform unique research and discuss results with Siemens 

Medical.    

Retrospective analysis After the fact analysis from incident descriptions. 

Root cause The causes represented at the bottom of the causal tree (Van 

Vuuren, 1998). 

RTIL Radiotherapeutic Institute Limburg (now MAASTRO CLINIC) 

Rule-based behaviour The application of existing rules to the management of 

familiar situations (Van Vuuren, et al., 1997). 

SAFER method Scenario Analysis of Failure modes, Effects, and Risks, 

which is the Dutch version of the Health care Failure Mode 

and Effect Analysis (HFMEA) method. 

Skill-based behaviour Tasks requiring little or no conscious attention during 

execution (Van Vuuren, et al., 1997). 

Specification Measurable detail of what the product has to do in order to 

satisfy the customer need (Ulrich & Eppinger, 2000) 

Symptom The detectable outcome of a chain of events, presented on top 

of the causal tree (Van Vuuren, 1998). 

Technical error A problem related to physical items (e.g., equipment, 

physical installations, software, materials, labels, and forms; 

MERS TM, 2001; Van der Schaaf, 1992). 

TIQc department Department for Technical Innovation and Quality control 

VWS Ministry of Health, Welfare, and Sport 

WA Workaround (abbreviation) 

Workaround A self-developed change of a work process that is deviant 

from the process as described by the organization, the 

manufacturer of equipment, or other parties. 
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