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Preface 
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have performed during my graduation project are described in this thesis. 
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my graduation project successful. Also I would like to thank all employees from the 
Cardiac Rhythm Management -Clinical Evaluation department for their support! 

Rachael Franssen 
Maastricht, May 13, 2005 
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Abstract 

During my graduation project I investigated whether the CRM-CE department of the 
Bakken Research Center can perform its studies more professional by sharing 
knowledge. I investigated why there is less knowledge sharing and how this can be 
solved. As a solution a project review system is developed to create more 
organizational memory and to learn from previous mistakes. 

2 



Evaluation and learning in order to innovate 

Summary 

Company description 
Medtronic Inc. operates in more then 120 countries and has worldwide more then 
30.000 employees. Total net sales were in 2004 more then $9,000 million. 
Medtronic's mission is: "To contribute to human welfare by the application of 
biomedical engineering in the research, design, manufacture and sale of products 
that alleviate pain, restore health and extend life". The Bakken Research Center BV 
(BRC) is Medtronic's European Research Center. Its vision is: "Medical specialists and 
Medtronic organizations will consider the Bakken Research Center in Maastricht as 
their preferred partner in clinical and biomedical research and evaluation programs in 
Europe." BRC exists of departments of all the strategic business units (SBU) that 
Medtronic Inc. has . In order to conduct the work, the departments receive funding in 
the form of an annual budget of their related SBU and from local governmental 
grants. This budget is directly related to the studies the SBU wants to perform 
depending on medical needs and the development of new devices and technologies . 

Cardiac Rhythm Management (CRM) is t he business unit that develops and sells 
products to restore a normal heart rate. At BRC, the CRM business unit is 
represented by: 
• The Clinical Research Department, focusing on Clinical Research and Heart 

Failure Outcome studies; 
• The Clinical Evaluation Department, focusing on Clinical Evaluation studies; 
• The Field Clinical Monitors Department, focusing on the conduction of field related 

activities as part of the conduct of clinical studies in European, African and Middle 
Eastern hospita Is. 

The Cardiac Rhythm Management - Clinical Evaluation department (CRM - CE) 
focuses on the design and management of clinical evaluation studies in order to 
obtain market release authorization for new devices. These devices (defibrillators, 
pacemakers, leads and cardiac resynchronization systems) are implanted in patients 
upon the diagnosis of the need for treatment. The departmental activities are 
conducted in close corporation with many physicians (Medtronic's main customers) in 
Europe, Africa and the Middle East. This graduation project is done at the CRM-CE 
department. 

Problem definition 
The CRM-CE department has already implemented different improvement activities in 
the last couple of years in order to continuously grow in professionalism and stay 
competitive. But there still are enough chances for further improvements. The goal 
of this project will be to make the department more professional. 

Following from the intake meeting and interviews with employees who form a 
representative reflection of the CRM-CE department information concerning an 
existing problem was gathered. It turned out that most employees had the feeling 
that using knowledge according to plan and policy did not go well enough to make it 
possible for them to do their job as they were supposed to do. This is further 
investigated by the construction of a knowledge matrix in order to identify crucial 
knowledge and its weaknesses. In this matrix problems, its causes and effects, are 
given on the area of technical knowledge, market/customer knowledge and 
organizational/attitude knowledge in relation to the generation of knowledge (how to 
get it), the sharing of knowledge and the application of knowledge (how to use it). 
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This knowledge matrix has lead to a discussion which knowledge process would be 
the most important for having a closer look too. As a result the starting point for this 
graduation project is defined as: "There is a lack of knowledge sharing". 

The knowledge matrix has lead to a cause and effect tree diagram. This diagram is 
constructed by separating the causes and effects of a lack of knowledge sharing. All 
mentioned issues by the employees were then related to each other in a 
chronological order. This information leads to a research plan for the graduation 
project. The activities of this plan are: 
1) Explore and validate the cause and effect tree diagram qualitative by talking with 

employees about it; 
2) Explore and validate the cause and effect tree diagram quantitative by giving 

evidences why problems occur and what their influences are; 
3) Diagnosis of the main problem, it's causes, consequences and their mutual 

relationships; 
4) Explore a direction for redesign; 
5) Find literature to found the direction for redesign; 
6) Develop a redesign proposal; 
7) Implement the redesign proposal. 

Diagnosis 
Now the starting point for this graduation project is defined I will give evidences why 
problems occurred and what their influences are, leading to a diagnosis of the main 
problem. 

At first I looked at audit findings. Its purpose is to verify if the clinical evaluation 
study is executed following all correct procedures and regulations. When 
investigating the audit findings over a period of four years, it appeared that none of 
these documented findings had a direct relation to the sharing of knowledge. But it 
strokes me that a lot of audit findings happen more than one time. 

Secondly I participated in three different studies to get an idea what is happening in 
reality. I attended the team meetings in which an update was given what has 
happened since the last team meeting. I observed that the sharing of knowledge 
within the team went well due to the fact that team members shared one room or 
had a lot of experience. 

As third I asked employees for incidents, their causes and effects, which have 
happened during the last years on the area of knowledge sharing. I got twenty 
incidents that could be split up in external and internal incidents. The external 
incidents are all related to the US and other external parties, the internal incidents 
are all related to the CRM-CE department. This information is reflected in cause
incident-effect diagrams. It turned out that the laxity of employees, employees not 
communicating enough with each other and not always asking things they do not 
know, was a cause of more internal incidents. This can happen because there is no 
formal structure for sharing information and for finding out things that are unknown. 
Employees are busy with the execution of their study and do not have the time and 
interest to find out things not directly related to their study. 
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As fourth, employees completed two questionnaires. The results of the first one were 
that on the areas of strategic planning and human resource focus the scores were 
lower in comparison to other years. Employees for instance bel ieve that they do not 
receive enough training to fulfill their needs for knowledge and expertise. They also 
feel not recognized for the work they do, making the motivation for doing things low. 

The results of the second one were that the scores in comparison to other years were 
lower on training, employee development and involvement. What for instance can be 
seen is that employees believe that new employees do not receive training necessary 
to perform their jobs effectively. Employees also believe they are not enough 
involved in decisions that affect them and are not able to prepare for upcoming 
changes, because they do not know them. 

There were also other causes of a lack of knowledge sharing. The last years there 
was a rather high turnover. 64 % of all the employees have less then four years of 
working experience, making the CRM-CE department a relatively young department 
with less working experience . The performance evaluation system is another cause. 
This system leads not to more awareness of employees for improving the 
professionalism of the department. This is because objectives are personal or team 
related and not really department related, leading to a more individual or team 
based way of working . Also rework is a cause. When talking with employees, there 
arose a feeling that there is a lot of rework when conducting clinical studies. A lot of 
work is done that should not be necessary if everything is done in the right way at 
the first time. Only guesses are known of the amounts of rework, it is not measured 
yet due to time lack. 

Finally I looked at the influence of organizational memory. It turned out that there is 
limited organizational memory at the CRM-CE department. Reasons for this are 
among others that the memory of underlying skills for performing tasks and the 
memory of concepts, facts or events is only available at the individual employee, but 
not collectively. Also when looking to the level of organizational memory it is clear 
that there is less stored information concerning past failures and how they could be 
prevented. Another reason is that there are low levels of experience in performing 
clinical studies due to the fact that most employees do not have much working 
experience for the department. Finally when looking to the dispersion of 
organizational memory it is clear that there still is variance in the degree to which 
employees adopt firm knowledge and skills. Some employees are willing to learn and 
look forward, other employees only do what they need to do and are not involved in 
other work related things. 

The conclusion is that the most important bottleneck of the CRM -CE department is 
that there is limited organizational memory. Other important bottlenecks are : 
• The same audit findings occur more then one time. There is no learning process 

from previous studies and previous mistakes; 
• Employees are not really interested in the work other people are doing and they 

do not easily ask how things should be done; 
• Causes of incidents turn out to be the cause of more then one incident. These 

causes are above all the laxity of employees, employees not communicating 
enough with each other and employees not always asking for things they do not 
know; 
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• The two questionnaires showed that the performance on the area of involvement, 
teamwork, training, employee development, human recourse focus and strategic 
direction is too low; 

• Employees have the impression that there is too much rework; 
• There was a high turnover leading to a young department with employees with 

less experience. 

In general we can conclude that the CRM-CE department is performing well. The 
bottlenecks have not led to serious performance problems in the past; there have 
been no clear effects on time, quality or costs. Up to now the bottlenecks are 
problems that have happened from time to time. But these irregularities can 
accumulate to a major problem if all problems happen simultaneous. In the short 
term these bottlenecks will not lead to serious performance problems, but on the 
long term it is possible these bottlenecks lead to a potential performance problem. 
And when this happens, there will be questions why no one dealt with the 
irregularities of the past. So it will be good to strengthen the organizational memory 
of the CRM-CE department at this moment. It is better to anticipate on problems that 
can happen then to fix them. Different solutions for tackling these bottlenecks are 
briefly investigated, leading to the development a project review system. 

Project review system 
With use of existing project review literature, employees, guidelines for performing 
clinical studies and based on practical experiences with performing clinical studies 
design requirements and its specifications are defined for developing a project review 
system. These are user and functional requirements. 

The project review system should consist of: 
1) An instruction for employees how to carry out project reviews; 
2) A definition of the objectives and features of the project; 
3) The assumptions made during the preparation of the project budget and schedule 

have to be given if applicable; 
4) Milestones of the project have to be given if they are at the critical path of the 

project. Also an overview of project performance against the planned budget and 
schedule and it deviations should be given; 

5) The organizational processes and/or outcomes should be monitored and 
evaluated relative to a predetermined set of control standards. These standards 
are assumed to remain constant over course of the control period; 

6) A project review report containing the information of the previous steps including 
conclusions and recommendations. 

The project review system should also fulfill some requirements. These are: 
1) The system should be flexible and able to react to and report unforeseen changes 

in system performance; 
2) The system must be truly useful; it must satisfy the real needs of the project; 
3) The system must operate in an ethical manner; 
4) The system should be as simple to operate as possible; 
5) The measurements should be clearly specified; 
6) The system should be easy to maintain; 
7) The system should be capable of being extended or otherwise altered; 
8) The system should be fully documented when installed . 
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All this information is used for developing a project review system applicab le for the 
CRM -CE department. This project review system consists of an instruction for 
completing the review, a list with review questions and a standard evaluation report. 
Also a clinical study team evaluation is developed to have a closer look at what can 
be learned at the CRM-CE department and within and between the study teams. 
Then some instructions for how to use the project review system are given and for 
how this information can be shared with others. Finally an implementation plan is 
given. 

Conclusions 
The conclusions that can be drawn are: 
1) It turned out that there is limited organizational memory with as consequence 

limited sharing of organizational knowledge. The reasons for this were among 
others that the same mistakes were made more than once, employees are not 
always involved, employees do not always ask how things should be done they 
do not know, there is a high turnover and there is a feeling the amount of rework 
is too high; 

2) But these bottlenecks have not led to serious performance problems in the past; 
there have been no clear effects on time, quality or costs. And up to now these 
problems have happened from time to time. But these irregularities can 
accumulate to a major problem if all problems happen simultaneous leading to a 
potential performance problem; 

3) When this major problem happens, there will be questions why no one dealt with 
the irregularities of the past. So it will be good to strengthen the organizational 
memory of the CRM-CE department at this moment. It is better to anticipate on 
problems that can happen then to fix them. So creating more organizational 
memory is important for making the CRM-CE department more professional, for 
creating more involvement of employees, more sharing of knowledge and more 
working experience; 

4) A good tool for creating more organizational memory is a project review system, 
because this stimulates organizational learning; 

5) The project review system is developed to make employees more aware of what 
goes well and what goes wrong during the execution of clinical studies. By 
creating more awareness and making the results of the evaluations of all studies 
available for everybody, employees learn also from other studies; 

6) Defining good action points with the right priority at the end of an evaluation and 
executing these actions can make necessary improvements for future studies 
making the work easier and more pleasant. 

Due to this graduation project the management and the employees of the CRM-CE 
department are more aware of the importance of sharing knowledge and creating 
organizational memory. They are more willing to evaluate the studies they have 
conducted because they know they can define real improvements for future projects. 
Employees know the project review takes a lot of time, but they are willing to invest 
this time, because they know the work can be done in an easier and more pleasant 
way in the future. 
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Recommendations 
Recommendations for the CRM -CE department are: 
• Responsibility: It is necessary to make employees responsible. The responsible 

employee has to keep an eye on each study whether the project review system is 
used, whether improvement actions are defined and whether they are carried 
out. Only then it can be guaranteed that the system will lead to improvements 
and more organizational memory; 

• Data entry system: The project review system is developed for clinical evaluation 
studies that use DataFax as data entry system. In a couple of years it is possible 
this system will be replaced by another data entry system. Then the project 
review system has to be adapted. The things you need to know stay the same, 
but the way it is measured can be changed due to how the data entry system 
captures information; 

• Learning system: The project review system is a learning system, it cannot be 
flawless from the beginning. When carrying out project reviews it will get clear 
what parts of the system perform well and what has to be changed. It is good to 
regularly evaluate the project review system to see if it still meets all goals and 
requirements that it needs to meet. The system should be alive; 

• Comparison: After conducting more project reviews and defining more 
improvement actions, it is possible structural weaknesses will be detected. Then 
real innovative improvements can be made, like for instance changing parts of 
how studies should be conducted. So it is necessary to compare the results of the 
evaluations of more studies with each other in the future; 

• Social network: The project review system does not comprehend all learning 
possibilities. Employees will learn from project reviews, but they can also use the 
existing knowledge and expertise of other team members to find a solution for a 
particular problem. It is good to use social networks and project review in order 
to get the most optimal learning process; 

• Other departments: When other departments want to use the project review 
system, they have to adapt what they want to know and how to measure it to 
their specific ways of performing clinical studies . They can use the project review 
system of the CRM-CE department as a framework for their project review 
system; 

• Intranet site: At this moment all documents concerning the project review will be 
placed at the departmental computer drive of the CRM-CE department. When the 
BRC intranet site is developed with separate sites for each department, it is 
possible to put the project review system on this intranet site. Then employees 
only have to complete the project review system. This would be much easier to 
do for them, making it also more pleasant to carry out the project review; 

• Collaboration with the US: Employees mentioned a lot of problems in relation to 
the collaboration with the US. These problems were outside the scope of my 
graduation project and I decided not to deal with it. But when carrying out the 
project review it is nonetheless possible to deal with a lot of these problems. If 
these problems are detected by the project review system by for instance the 
feedback sections, it is possible to define actions to communicate this feedback 
towards the US. This makes these employees more aware of the employees at 
the CRM-CE department. Also it is then possible to indicate what should be done 
in another way and why. So the project review system will also improve the 
cooperation between the US and the CRM-CE department. 
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Introduction 

This thesis describes the activities done during the orientation, investigation and 
redesign phase of my graduation project at the Cardiac Rhythm Management -
Clinical Evaluation department (CRM - CE, see appendix 1 for used abbreviations) of 
the Bakken Research Center BV (BRC) at Maastricht (the Netherlands). 

During the last years there was a need to improve the way in wh ich the department 
performs its clinical evaluation studies (in this paper also called clinical study) and 
how it performs in order to stay competitive. A lot of efforts have already been 
made, but more improvement projects are still necessary. This graduation project 
will be one of these improvement projects and will hopefully contribute to a more 
professional way of working at the department. 

The first chapter will give a description of the company and the department. This is 
followed in chapter two by the assignment on which the graduation project is based 
and in chapter three by the design of a clinical study done at the Cardiac Rhythm 
Management - Clinical Evaluation department. In chapter four I will explain all 
activities I have performed during the investigation phase of my graduation project. 
In the fifth chapter a solution for tackling the found bottlenecks will be given. This is 
followed in chapter 6 by a literature overview concerning project review. In the 
seventh chapter the project review system for the CRM-CE department will be 
explained. In chapter 8 the implementation plan will be given. The last chapter finally 
gives conclusions and recommendations. 
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Chapter 1 Company description 

This chapter gives a description of Medtronic Inc., the Bakken Research Center BV, 
the Cardiac Rhythm Management business unit and the Cardiac Rhythm Management 
- Clinical Evaluation department. 

1.1 Medtronic Inc. 
Earl Bakken founded Medtronic Inc. in 1949 as a medical equipment service 
company. They invented the first externally wearable pacemaker and expanded their 
activities afterwards into implantable technology and other devices. Nowadays the 
company operates in more then 120 countries and has worldwide more then 30.000 
employees. Its headquarter is in the United States, in Minneapolis. Total net sales 
were in 2004 more then $9,000 million (Medtronic Inc., 2004 Annual Report). 

Medtronic's mission is: "To contribute to human welfare by the application of 
biomedical engineering in the research, design, manufacture and sale of products 
that alleviate pain, restore health and extend life". Primary products include for 
example those for heart rhythm disturbances, diabetes, ear, nose and throat 
surgery, heart failure, movement disorders and neuro-surgery. In the past year 
Medtronic provided medical professionals with products and therapies to improve the 
lives of more then five million patients. 

1.2 Bakken Research Center BV 
The Bakken Research Center BV (BRC) was founded in 1987 and employs around 
240 people. BRC is Medtronic's European Research Center. Its vision is: "Medical 
specialists and Medtronic organizations will consider the Bakken Research Center in 
Maastricht as their preferred partner in clinical and biomedical research and 
evaluation programs in Europe". BRC has been established to develop and maintain 
strong relationships with European clinicians to provide access to their product ideas, 
intellectual property and clinical capacity. The BRC also serves as a liaison with 
European academic centers and industrial research, which is synergist ic with one or 
more Medtronic businesses. 

The organization exists of departments of all the strategic business units (SBU) that 
Medtronic Inc. has. An overview can be found in appendix 2. In order to conduct the 
work, the departments receive funding in the form of an annual budget of their 
related SBU and from local governmental grants. Th is budget is directly related to 
the studies and projects the SBU wants to perform. Which studies and projects will 
be performed depends on medical needs and the development of new devices and 
technologies. 

1.3 Cardiac Rhythm Management business unit 
Cardiac Rhythm Management (CRM) is the business unit that develops and sells 
products to restore a normal heart rate. Its products consist primarily of 
pacemakers, implantable and external defibrillators, leads and cardiac 
resynchronization systems. Pacemakers are developed to treat heart rates that are 
too slow. This is called bradycardia. When needed, a pacemaker delivers small 
electric pulses to the heart at pre-programmed settings. These pulses will result in 
subsequent contractions of the heart, restoring normal heart rates. Implantable and 
external defibrillators (the last ones only used by first responders on patients 
experiencing sudden cardiac arrest) are developed to treat heart rates that are too 
fast or irregular in the ventricles, which can lead to a sudden cardiac arrest. This is 
called ventricular tachyarrhythmia. 
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An implantable defibrillator delivers special series of pacing pulses and can just like 
an external defibrillator deliver a defibrillation shock, normally restoring the normal 
rhythm of the heart. Cardiac resynchronization systems are developed to treat 
unsynchronized beating of the heart, which results in insufficient blood flow to meet 
the body's need. This is called heart failure. Implantable atrial arrhythmia systems 
are developed to treat irregular heartbeat where the upper chambers of the heart 
(the atria) beat rapidly and inconsistently. This is called atrial arrhythmias. 

At the BRC, the CRM business unit is represented by: 
• The Clinical Research Department, focusing on Clinical Research and Heart 

Failure Outcome studies; 
• The Clinical Evaluation Department, focusing on Clinical Evaluation studies; 
• The Field Clinical Monitors Department, focusing on the conduction of field related 

activities as part of the conduct of clinical studies in European, African and Middle 
Eastern hospitals. 

1.4 Cardiac Rhythm Management - Clinical Evaluation Department 
The Cardiac Rhythm Management - Clinical Evaluation department (CRM - CE) 
focuses on the design and management of clinical evaluation studies in order to 
obtain market release authorization for new devices. These devices (defibrillators, 
pacemakers, leads and cardiac resynchronization systems) are implanted in patients 
upon the diagnosis of the need for treatment. The departmental activities are 
conducted in close corporation with many physicians in Europe, Africa and the Middle 
East. These physicians are also Medtronic's main customers for their medical devices 
and technologies. 

The employees of the CRM-CE department (28) can be divided in different job 
groups. There are a clinical research director who leads the department, a clinical 
evaluation support group, assistants, a biometry group and a clinical evaluation 
management group. In appendix 3 the organization chart of the CRM-CE department 
is given. The groups will be described in the following. 

1.4.1 Clinical evaluation support 
This group consists of seven project coordinators (PC) and is lead by the clinical 
services supervisor. They assist the clinical research specialists (CRS) during the 
entire clinical evaluation study by providing logistic (for example sending materials to 
the field and keeping track of these materials during the study), administrative (for 
example keeping track of the clinical data flow and data entry) and general support. 

1.4.2 Assistants 
There are two assistants, namely a management assistant and a legal assistant. The 
management assistant supports the clinical research director in all her work. The 
legal assistant supports the clinical research specialists in all legal matters, like for 
example making contracts for the participating physicians in a study. 
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1.4.3 Biometry group 
The biometry group consists of three employees led by the statistics manager. There 
are two cl inical database specialists and one bio statistician . For some projects they 
fully support the clinical study by means of building the database (used for the entry 
and analysis of clinical data), the maintenance and user support of the database, the 
analysis of the data and reporting of the results. For other studies they do this in 
cooperation with employees from the United States (US). Then the employees within 
the CRM - CE department are only responsible for the maintenance of the database 
during a study. 

1.4.4 Clinical evaluation management group 
A group of eleven clinical research specialists (CRS) is lead by two clinical research 
managers. A CRS leads the clinical evaluation study and is supported in his work by 
the PCs, the assistants, the field clinical monitors (FCM, managing all contacts 
between the physicians and the CRM-CE personnel) and the biometry group. In 
chapter 3 will be explained how a clinical study is executed. 
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Chapter 2 Assignment 

In this chapter the assignment will be described that will form the basis for the 
graduation project. At first the reason for this graduation project will be given. Then 
I will explain how the problem is selected, how the assignment is fo rmulated and 
finally the project plan will be defined. 

2.1 Reason for graduation project 
The CRM-CE department has already implemented different improvement activities in 
the last couple of years in order to continuously grow in professionalism and stay 
competitive . But there are still enough chances for more improvements. The goal of 
this project will be to make the department more professional. 

2.2 Problem selection 
Following from the intake meeting and the internal exploration (interviews with ten 
employees who form a representative reflection of the CRM-CE department) 
information concerning an existing problem was gathered. It turned out that most 
employees had the feeling that there was a problem on the area of knowledge 
management. They had the feeling that using knowledge according to plan and 
policy did not go well enough to make it possible for them to do their job as they 
were supposed to do. We decided to further investigate this. This is done by splitting 
up knowledge management in three different kinds of knowledge, namely in 
technical knowledge, market/customer knowledge and organizational/attitude 
knowledge. On the other hand knowledge management was split up in three 
knowledge processes, namely in the generation of knowledge (how to get it), the 
sharing of knowledge and the application of knowledge (how to use it). Based on this 
information a knowledge matrix was constructed. The goal of this knowledge matrix 
is to identify crucial knowledge and its weaknesses. For this matrix I questioned nine 
employees (who also form a representative reflection of the CRM -CE department) to 
give on each area (kind of knowledge and knowledge process) problems that have 
occurred in relation to doing the work. I also questioned them to give the causes and 
the effects of each problem . In appendix 4 the matrix is given in which the results of 
these interviews are processed. Based on this a discussion took place with my 
company mentor on which knowledge process would be the most important for 
having a closer look too . We decided to use the process with the most important 
problems and effects for the CRM-CE department and it turned out that this was the 
process of knowledge sharing . 

As a result the starting point for this graduation project is defined as: "There is a 
lack of knowledge sharing ". This problem forms the foundation for further 
investigations. 

Based on the information of the knowledge matrix and interviews with another four 
employees of different function groups a cause and effect tree diagram was set up. 
This diagram is constructed by separating the causes and effects of a lack of 
knowledge sharing. All mentioned issues by the employees were then related to each 
other in a chronological order. This cause and effect tree diagram is given in 
appendix 5. At the first part the causes of a lack of knowledge sharing are given and 
in the second part the effects of a lack of knowledge sharing. In the cause and effect 
tree diagram a lot of different causes are mentioned. In general the causes regard 
project management (collaboration in study teams is not optimal) and knowledge 
management (no idea of where to find which information). 
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Also physiology (employees have different habits and expectations) and 
communication between employees (less communication concerning new 
devices/therapies) can be found. The last main cause that can be found is the 
infrastructure of the department (bad translation from processes to tools, no formal 
struct ure for storing information). There are also causes on the interfacing areas 
(lack of time). Based on the above information the assignment for the graduation 
project is defined. 

2.3 Assignment 
The starting point for this graduation project has been defined as: "There is a lack of 
knowledge sharing " . Based on this problem the assignment for the graduation 
project can be defined. This assignment includes the following aspects: 
• An examination of the problem of a lack of knowledge sharing and its important 

causes; 
• Defining a solution for the problem; 
• Finding existing literature on the solution area; 
• An elaboration of a solution into an object and realization design. 

These steps are a planning of the research and design activities that are done during 
my graduation project and will be discussed in this paper. 

2.4 Project plan 
The research activi t ies necessary for the graduation project (that result from the 
definition of the assignment) will be based on the "Regulative cycle" given by Van 
Strien (1975). This method consists of five steps. These steps are: 
1) Problem definition 
2) Diagnosis 
3) Design of solution 
4) Interventions 
5) Evaluation 

During the first step the problem has to be defined, objectives have to be set and the 
assignment has to be formulated. During the second step an in -depth investigation 
has to be done concerning this problem. This will be based on the diagnostic 
research model (developed by Verschuren and Doorewaard, 1995) given in Figure 1. 

Knowledge 
management 

Project 
management 

Communication 

Expert knowledge 

Figure 1: Diagnostic research model 

Theoretical ideas 
and guidelines 

I 
Knowledge sharing 
processes within 
CRM-CE 

Diagnosis and 
exploration of 
redesign direction 
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During the third step the action plan for reaching improvements should be designed 
in such a way that it is ready to be implemented. Then in the fourth step the tools 
and methods derived from the action plan will be implemented to reach an 
improvement of the problem. Finally an evaluation should take place. 

Based on the diagnostic research model the research plan will be developed. The 
specific activities of this research plan for the graduation project are: 
1) Explore and validate the cause and effect tree diagram from appendix 5 

qualitative by talking with employees about it; 
2) Explore and validate the cause and effect tree diagram from appendix 5 

quantitative by giving evidences why problems occur and what their influence 
are; 

3) Diagnosis of the main problem, it's causes, consequences and their mutual 
relationships; 

4) Explore a direction for redesign; 
5) Find literature to found the direction for redesign; 
6) Develop a redesign proposal; 
7) Implement the redesign proposal. 

The first three steps of this research plan will be discussed in chapter four and step 4 
will be discussed in chapter 5 of this thesis. Chapter 6 will deal with step 5 and 
chapter 7 and 8 with step 6 and 7. In the following chapter will be explained how 
projects are conducted at the CRM-CE department. 
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Chapter 3 Primary business process 

The purpose of a clinical evaluation study or trial is to prove a device is safe and 
effective in order to release the product for the market alter regulatory approval is 
acquired. In a clinical study patients are treated following a well-defined protocol. 
Data on patients, their treatment and the outcome are collected, analyzed and 
reported. The final product is a report with a critical assessment of the safety and 
performance of the investigated device. 

A clinical study consists of three phases, namely a pre-clinical phase, a clinical phase 
and a post-clinical phase. Each phase consist of different stages. The first phase 
takes approximately eight months, the second phase between two and eighteen 
months en the last phase approximately six months (see Figure 2). These phases will 
be discussed in the following paragraphs. The last paragraph will give a brief 
discussion if the execution of a clinical study is in line with project management 
concepts . 

A-e-dirical ~ 1 Oirical~ 1 Fb:t-dirical ~ 1 

- 8 rrcrth; 0 rrcrth; 18 rrcrth; 24 rrcrth; 

Figure 2: Timeline project 

3.1 Pre-clinical phase 
The goal of the pre-clinical phase is to prepare for the start of the study. In the 
following I will explain this. 

3.1.1. Intake 
Alter a new product is designed in the United States (US), the goal is to release the 
product to the market. A project team is set up in the US with delegates from 
different departments (like for instance from the regulatory department, the clinical 
department and the manufacturing department). They define a project plan on the 
requirements to release the product in the different continents. Often one or more 
cl inical studies are included in this plan as requirements, each with different scopes 
(for example for getting market-approval, for gathering data or for marketing 
purposes) . This plan consists (for each clinical study) for instance of a project 
schedule defining when what has to be done, a resource plan defining how many 
employees and from which countries are necessary to do the study and a budget 
plan. A Product Review Committee reviews the project plan and they decide if the 
plan is viable or not. If the project plan is approved, the project team will work it out 
in more detail. Then also the clinical strategy will be discussed with the regulatory 
and marketing strategy, the objectives and the scope and timeline of the study. This 
also has to be reviewed and approved by the Product Review Committee. 
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After approval the clinical investigational plan should be made. This is a very 
important document describing the device and how the clinical trial will be executed. 
Its intention is also to explain the clinical study in detail to the local physicians and 
the ethical committees of the centers that participate. Then also the clinica l research 
specialists (CRSs) from the BRC or other geographies participating in the study (so 
also from the CRM-CE department) can give their input on the plan and they try to 
reach an acceptable compromise. The CRSs participating in the US project team will 
be responsible for the distribution of all relevant information to the other CRSs. 
When the clinical investigational plan is ready it will be distributed to all parties 
concerned in the study. 

3.1.2 Preparation 
After the clinical investigational plan is ready, it is time to prepare everything that is 
necessary to execute the study. At first the ethical committees of the centers that 
participate in the study have to approve the clinical investigational plan (MEC
approval). Then regulatory approval should be obtained to legalize the start of the 
clinical study. The authorities of the countries the centers are resident in should also 
approve the clinical study. Otherwise it is not allowed to distribute the device and the 
clinical trial cannot be performed. When all approvals are acquired the internal and 
external preparation for the start of the study can take place. 

The internal preparation consists of making case report forms (CRF), defining 
procedures that have to be used and the construction of a database. At first a 
brochure for the physicians has to be made giving information that summarizes 
previous pre-clinical data. Also patient informed consents (explaining t he purpose 
and the risks of the clinical study in local and understandable language to the 
patients so they can declare to participate voluntary and that they are acquainted 
with the risks) have to be developed. At last case report forms (forms for collecting 
all patient information during the clinical study) should be developed. Then different 
plans have to be defined, like for example a statistical analysis plan. This plan 
specifies which analysis methods are used, how results will be presented and the 
selection process of data. Also a product-forecast plan should be developed. It is 
necessary to know how many devices are needed, how many are available and when 
they are available. Another plan that has to be developed is the publication policy. In 
this policy objective criteria for the selection of the authors and the first author are 
defined. 

The external preparation consists of approaching physicians and patients. It has to 
be determined how many investigational centers can participate, what the selection 
requirements are and what the geographic distribution of these centers has to be. 
Based on this a number of centers will be selected that will participate in the clinical 
trial. The selected centers and their physicians have to sign a confidentiality 
agreement stating all information concerning the study is kept confident. Also an 
agreement is signed between the physician and BRC formalizing all agreements, 
including compensation. Then it has to be made sure all centers are ready to start 
implanting the device and that all required documents (for instance investigator's 
brochure) are available and signed off if necessary. The centers have to select the 
patients that are appropriate for the study by them selves. 
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After this all has been done, it is time to train all involved people in the clinical study. 
All employees involved in the clinical trial (for example the FCMs, the CRSs and 
physicians) should get a sufficient training on for instance technical properties of the 
device and procedu res that should be followed. Finally the data management system 
has to be developed for putting in, storing and analyzing the collected data. This 
database has to be built, tested and validated . 

3.2 Clinical phase 
The goal of the clinical phase is to collect clinical data for proving a device is safe and 
effective. I n the following this will be explained. 

3.2.1 Clinical data collection 
The numbers of patients needed for the study as defined in the clinical 
investigational plan undergo a surgery in the selected centers in which they receive 
the new product under clinical investigation (a defibrillator, pacemaker, leads or a 
cardiac resynchronization system). After the operation each patient undergoes one 
or more visits to the hospital during which all data are collected to evaluate the 
objectives of the study. 

Before the clinical phase starts a monitoring plan is developed that will be executed 
during the clinical phase. Its purpose is to verify if the collected data in the centers 
are accurate and if the regulatory requirements are fulfilled. During the whole study 
the adverse events have to be reported. All adverse events (complaints) from 
patients have to be known to confirm the safety of the device. It has to be 
documented whether the adverse events are serious or not and whether they are 
acceptable or not. Halters are used to make a 24 hours recording of the pacemaker 
to see in detail how the device is performing. Also the investigational devices, the 
study deviations, randomization and physician compensations have to be managed. 
Only physicians participating in the clinical evaluation study may implant the devices 
in patients who have given their approval for participating in the study. It is good to 
know exactly where each device is at what time and this has to be managed too. 
Sometimes physicians do not follow the clinical investigational plan for particular 
reasons. These reasons should be documented in the form of study deviations. 
Randomization is essential, but not always applicable; you have to be sure that the 
data that are gathered are reliable. This randomization should therefore be managed 
and documented too. Finally the compensations physicians receive for each set of 
data they complete should be paid and documented once a quarter. 

During the clinical phase all clinical data that are gathered have to be entered in the 
database and reviewed by the project coordinators (PC). The goal of this database is 
to get accurate and complete data. Not all data that are received from the physicians 
are clean, so corrective or preventive actions are taken to ensure the final data is 
clean and usable for analysis. When all data in the database are clean, the database 
will be freezed and closed, and then used for statistical analysis during the post
clinical phase. 
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3.2.2 Reports 
During the entire study status reports have to be made to keep all involved people in 
the clinical evaluation study posted of the status of the study. There is a monthly 
report for the upper management given all relevant milestones and variab les of the 
study. The physicians receive a monthly newsletter with the study status and 
milestones. Also actions and reminders can be found in this newsletter. Finally there 
is a weekly update for all people involved in the study includ ing study status, 
milestones, actions, reminders, physician's feedback and patient cases. 

3.3 Post-clinical phase 
The goal of the post-clinical phase is to use the clinical data that are collected during 
the clinical phase to prove a device is safe and effective in order to release the 
product for the market after regulatory approval is acquired . This will be explained in 
the following. 

After all data are collected they will be analyzed with help of statistica l analysis 
software. It has to be ensured that the data will be interpreted correct in the final 
clinical study report. This final report is written to prove that the device is safe and 
effective and will be used for acquiring regulatory approval. To release products in 
the US FDA (Food and Drug Administration) approval is needed. To release products 
in Europe CE-mark approval is needed. Only when this approval is obtained it is legal 
to release the product on the market. The data can also be used for submission and 
product approval in Japan. 

Then the results of the study have to be published guided by the publication strategy 
given in the clinical investigational plan. A plan is made on who will write the draft 
manuscript, who will review the manuscript, to which journal the manuscript should 
be submitted and who will respond to the questions of the journal reviewers. Then 
the last administrative things have to be done such as filing all documents that were 
required during the clinical evaluation study in the clinical project file for that 
particular study. It has to be checked if all these documents are present and 
archived properly. 

Recently CRM-CE started to evaluate the studies they have executed to get an idea 
of what can be done in another or better way during coming studies, also in relation 
to the co-operation with the colleagues in the United States. But until now no actions 
were made to really implement any improvements. 

3.4 Performing clinical studies 
In literature guidelines can be found of how projects (a clinical evaluation study) 
should be executed. In this paragraph will be briefly discussed if the execution of 
clinical studies is in line with the concepts of project management. For this we looked 
at three different project management concepts. 

Kempen and Keizer (2000) use the "Ten steps method" for executing a project. 
These ten steps are: external orientation, intake meeting, orientating interviews, 
analysis, feedback and contracting, action plan and project organization, depth
investigation, solution plan, implementation and round off. The project team in the 
US executes the first steps of this approach. When there is a need for a new device 
(external orientation), it will be developed (intake meeting). Then the team defines 
what is necessary to do to release the product in the different cont inents (orientating 
interviews) and they develop a project plan and a clinical investigational plan 
(analysis) . 
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When this all is done, the different country managers get a chance to give their input 
(feedback). This all leads to a final clinical investigational plan (contracting, action 
plan and project organization) and then the preparation for the study can start 
(depth investigation, solution plan). After the devices are implanted, data can be 
gathered (implementation). Finally this leads to a report with a critical assessment of 
the safety and performance of the investigated device and approval to release the 
product at the market (round off) . So all the steps of Kempen and Keizer can be 
related to the clinical study, although not always very clear. The only thing that is 
missing is a clear evaluation during the round off phase. Like already stated CRM -CE 
recently started to evaluate studies, but at this moment there is no formal structure 
for this. 

Meredith and Mantel (1995) give a very detailed approach of how a project should be 
managed. The first part is the initiation of the project . They describe how a project 
should be selected, how the project manager should be selected, how the project can 
be organized, the planning of the project, negotiation and conflict resolution . It is 
good to take these t hings into consideration before the start of a project. The second 
part consists of an estimation of budget and costs, the scheduling of the project, the 
allocation of the resources, systems for gathering information and needed for 
monitoring, and how the project should be controlled . The last part describes project 
auditing and the termination of the project. Also issues concerning multi -culture and 
environment are discussed. A lot of steps of the first and second part are taken into 
consideration by the US team. But there are also things the CRM - CE department 
should be paying attention to . What can be seen for instance is that a project 
manager now is only selected on available time, not only on its qualities and 
interests. Also less attention is for instance paid to negotiation, conflict resolution, 
evaluation and multi-cultural issues. These are all things that can make the work 
easier. 

Pinto and Slevin (1987, 1988) have written a lot of articles on the area of project 
management. They determined critical success factors that are felt to be predictive 
of successful projects by asking a sample size of project team members to their 
experiences. It turned out that these critical success factors are: project mission, top 
management support, project schedule/plans, client consultation, personnel, 
technical tasks, client acceptance, monitoring and feedback, communication and 
trouble-shooting. Also important are the characteristics of the project team leader, 
power and politics, environmental events and urgency. Then it is tested if these 
factors are significant related to project success and it turned out that this was true . 
The only remark that should be made is that the relevance of each factor is 
depending on the phase the project is in (conceptualization, planning, execution or 
termination phase) . All these factors are taken into consideration during the 
execution of a clinical study by the CRM-CE department. The only question that 
arises is if there is enough feedback and communication to make a clinical study 
really successful. 

The conclusion is that the execution of a clinical evaluation study goes well, but is 
not entirely in line with the concepts given by project management literature . In the 
following chapter we will see whether this influences the way the department 
performs and if this leads to problems. 
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Chapter 4 Diagnosis of the main problem 

In this chapter an examination of the important causes of a lack of knowledge 
sharing takes place by a qualitative and quantitative exploration of the cause and 
effect tree diagram of appendix 5. In the first paragraph I will have a brief look at 
what knowledge and knowledge sharing is. In the following paragraphs I will try to 
give evidences why problems occurred and what their effects were, leading to a 
diagnosis of the main problem. I have done this by looking to audit findings, 
observations, incidents, results of questionnaires and other causes of a lack of 
knowledge sharing. Also the influence of organizational memory will be discussed. In 
the last paragraph a conclusion will be drawn. 

4.1 Introduction 
The starting point for this graduation project is: "There is a lack of knowledge 
sharing". Before examining the causes and effects of this problem, I will give a 
definition of knowledge and knowledge sharing in order to create mutual 
understanding of these topics . Majchrzak, Cooper and Neece (2004) give as 
definition for knowledge: "explicit knowledge such as drawings, analytic results, and 
scientific journal articles, as well as tacit knowledge such as insights, intuition, and 
implied assumptions". Nonaka and Takeuchi (1995) define knowledge as a dynamic 
human process of justifying personal belief towards the "truth"'. They do not view 
knowledge as something absolute and static, but as context-specific, relational, 
dynamic and humanistic. Knowledge is essentially related to human action. 
Knowledge can be managed by using it in accordance with policy and plan to be able 
to perform all activities as planned. Knowledge management can be spl it up in the 
generation, sharing (dissemination) and application of knowledge (Van der Bij, Song 
and Weggeman, 2003). Knowledge generation is how to acquire new knowledge and 
knowledge application is how to use the existing knowledge. Knowledge sharing is 
needed when one person thinks he can learn something from another person so that 
knowledge has to be transferred. In the following we will have a look whet her there 
is a lack of knowledge sharing at the CRM-CE department. 

4.2 Audit findings 
At first I looked at the audit findings that were documented. Audits involve a 
determination of the economy, efficiency and effectiveness of government 
organizations, programs, activities and functions in addition to their compliance with 
laws and regulations. Auditors are inclined to emphasize variables related to 
management control, such as organizational structure, plans, procedures and 
monitoring (Davis, 1990). Meredith and Mantel ( 1995) state that audits are a 
thorough examination of the management of a project, its methodology and 
procedures, its records, its properties, its budgets and expenditures, and its degree 
of completion. It may deal with the entire project or just with a part of the project. 

The Quality Assurance department of BRC, the corporate department of Medtronic in 
Minneapolis (US), the FDA or the local governments performs audits during the 
execution of a clinical study. Its purpose is to verify if the clinical study is executed 
by following all correct procedures and regulations. If this is not the cc>se, there is a 
finding. 
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I looked at audit findings that occurred from May 27, 1999 until March 12, 2003. For 
each audit finding is documented when it happened, to which document it refers and 
for what kind of finding a corrective or preventive action was requested. The 
documented audit findings can be summarized as follows: 
• Training or refresher courses for, for example, Standard Operating Procedures 

(SOP) or Good Clinical Practice are not performed, incomplete or not recorded; 
• Forms are missing, inconsistent or incomplete; 
• Sign off of forms is often incomplete or incorrect; 
• The clinical investigational plan, the SOPs, corporate policy, monitoring plan or 

clinical policy are not (completely) followed; 
• There is not always evidence for data verification or validation; 
• There are inconsistencies between different set of data's (for example between 

the hospital data and the data that the CRM-CE department has). 

When looking at the audit findings, it appeared that none of these documented 
findings had a direct relation to the sharing of knowledge. But it strokes me that a lot 
of audit findings happen more than one time. For example on May 27, 1999 there 
was a finding that the Patient Informed Consent was not adequate completed and 
had missing elements. The same happened at March 2, March 15, September 17, 
October 5 and December 14, 2001, and January 15 and November 20, 2002 . There 
are also frequently inconsistencies between documents at the BRC and on site. This 
finding happened for example on March 01, October 5 and December 14, 2001, and 
January 15, 2002. 

4.3 Observations 
I also wanted to participate in a clinical study to observe what kinds of activities are 
performed. Due to the fact that most clinical studies go on for one till one and a half 
years it was not possible for me to participate in one study completely. So I decided 
to participate in three different studies each in a different phase (pre-clinical, clinical 
and post-clinical phase) to get an idea what is happening in reality. I attended the 
team meetings in which an update was given what has happened since the last team 
meeting. 

The first study I participated in was preparing the execution of a clinical st udy. The 
team members do not have much working experience at the CRM-CE department; 
for the Clinical Research Specialist (CRS) it is the first study she is doing on her own, 
one Project Coordinator (PC) works three years at the CRM-CE department and the 
other one two years. Lots of things are still unknown and have to be asked at other 
employees or looked up in the SOPs. Twice a month there is a team meeting. I found 
it remarkable that the PCs did not know particular things (like for example what a 
financial disclosure is) after participating in two other studies. They told me for 
example that someone else had made the financial disclosures during the previous 
studies and that they never asked how it should be done, because it was not their 
task. So now they have to find it out by themselves. 
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The second study I participated in was dealing with the implantation of devices in 
patients. This team consists of one PC and two CRSs. The CRSs have one to two 
years working experience, the PC is working for two years for the department. These 
team members also do not have a lot of experience, but they share one room and 
talk constantly about work-related things. This is also the reason they do not have a 
lot of formal team meetings. The meetings are scheduled for once a week, but often 
they are cancelled. I did not find any problems in relation to knowledge sharing at 
this team. 

The last study I participated in is at the beginning of the post-clinical phase. This is 
an experienced team, the CRS leading the study works for more then four year for 
the CRM -CE department. Also most of the other team members have a lot of 
experience. I noticed that these meetings go well; everybody knows what to do and 
how to do it. I did not find any problems in relation to knowledge sharing at this 
team. 

Besides these team meetings I also observed some things while walking around and 
talking to employees. There are employees with a lot of experience (more then six 
years) who still do not always really know what to do. They do things that afterwards 
have to be corrected because it was done in a wrong way. Other employees often 
have to explain them what to do and how to do it. Another thing I noticed is that for 
example when papers have to be copied, it has to be checked if it is done in the right 
way. You cannot always rely on it that it is done properly. 

4.4 Incidents 
As third I had a look at incidents that have happened at the CRM-CE department. I 
asked employees whether they could tell me incidents, their causes and effects, 
which have happened during the last years on the area of knowledge sharing. I got 
twenty incidents that could be split up in external and internal incidents. The 
external incidents are all related to the US and other external parties, the internal 
incidents are all related to the CRM-CE department. At first the incidents are given, 
followed by four cause-incident-effect diagrams and frequently mentioned causes. 

4.4.1 External incidents 
The external incidents I have collected are: 
• The Clinical Trials Design Training takes place from 17.30 until 02.00 hours Dutch 

time; 
• The reports for preparing a poster presentation are just the day before the 

presentation available; 
• The data protection part in the Patient Informed Consent is added after review by 

the Quality department; 
• A US colleague does not send agendas and papers for the meeting; 
• A US colleague does not invite CRM-CE employees for the site visit at Bochum; 
• The US asks at 17.00 hours Dutch time whether the FCMs can go at that time to 

the hospital to gather information; 
• The Patient Informed Consent is not signed at the site; 
• Suddenly only the study team has access to the project files, the supporting 

employees do not have access anymore; 
• The FCM does not collect the requested information. 
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All these external incidents are hard to influence and solve when looking to the scope 
of my graduation project assignment. When trying to solve this we have to have a 
look at relationship management and attitude and not at knowledge sharing. This is 
the reason why I, together with my university and company mentor, have decided to 
focus only on the following internal incidents. 

4.4.2 Internal incidents 
The internal incidents I have collected are: 
• A CRS was not able to answer the investigator's questions concerning the (past of 

the) device; 
• The CRS thought that the monitor manager would document the training that 

monitors followed; 
• The PC does not know what financial disclosures are after participating in two 

studies; 
• A new employee receives less training and is not prepared enough to start its 

own study; 
• During a study the SOPs are not entirely followed; 
• The Case Report Form asks for the sensing threshold of the atria while the 

patient has atria fibrillation; 
• The training is not followed at the time the employee needs that knowledge; 
• The PC copies the patient numbers on the forms in a wrong way; 
• The PC asks assistance concerning a clinical application, 10 minutes later the PC 

opposite asks the same; 
• The supporting employees do not have a good overview of all the studies that are 

executed at that moment; 
• An employee asks TrialXS support at an external company instead at the in -

house specialist . 

When relating these internal incidents to the activities that are performed during a 
clinical study, it turned out that the incidents happened during all three phases (pre
clinical phase, clinical phase and post-clinical phase). So it is not possible to relate all 
problems to just one phase and to focus only on that particular phase. Attention has 
to be paid to all three phases. 

For the internal incidents I constructed cause-incident-effect diagrams giving for 
each incident possible causes and possible effects of that particular incident based on 
the interviews with employees. I will give four cause-incident-effect diagrams in the 
following subparagraph, the other seven diagrams can be found in appendix 6. 
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4.4.3 Cause-incident-effect diagrams 
The first diagram that will be given is the diagram for "A CRS was not able t o answer 
t he investigator's questions concerning t he (past of the) device". The text box in bold 
gives the incident, on t he left side you can fi nd possible causes and on the r ight side 
of the incident box you can find the possible effects. 

Employees Device 
do not information 
share is not 
informat ion asked at Employee has to 

t he product visit investigator 

engineers one more time to 
answer the 

Employees 
quest ion 

communicate Dev ice 
not enough information 
with each is not I nvestigator 

other asked at be lieves CRS 
other is not 
employees profess iona l 

enough 

I t is hard to Employees do 
set not always Documents wi t h 
priorities try to search device information 
for for are not looked for 
employees information A CRS was not 

Knowl edge able to 
of answer the 

Employees do not technology investigator's 
know what is in over time is questions 

Employees t he medica l not good concerning I nvestigator 
do not lit eratu re enough the (past of gets irri tated 
always the) device if he does not 

Lax ity of make time 
employees free to 

sea rch No practical 

informat ion dev ice 
know ledge 

There is a chance 
Employees t he investigator is 
give no Employees do not mot ivat ed to 
pri ori t y to not know participate in a 
searchi ng where to find new study 
information information 

Figure 3: Cause-incident-effect diagram 1 
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The following diagram that will be given is the diagram for "A new employee receives 
less training and is not prepared enough to start its own study". The text box in bold 
gives the incident, on the left side you can find possible causes and on the right side 
of the incident box you can find the possible effects. 
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Employee 
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Employee 
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on capacity and 
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With too 
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starting a 
new study 
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the job 
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employees 
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experienced 
and an 
inexperienced 
CRS/ PC working 
on a study 

A new employee 
receives less 
training and is 
not prepared 
enough to start 
its own study 

A new 
employee is 
not worked in 
good enough 
on the job 

Figure 4: Cause-incident-effect diagram 2 
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The third diagram that will be given is the diagram for "During a study the SOPs are 
not entirely followed". The text box in bold gives the incident, on the left side you 
can find possible causes and on the right side of the incident box you can find the 
possible effects. 
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Figure 5: Cause-incident-effect diagram 3 
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The last diagram that will be given is the diagram for "The training is not fo llowed at 
the time the employee needs t hat part icular knowledge" . The text box in bold gives 
the incident, on t he left side you can find possible ca uses and on the right side of the 
incident box you can find the possible effects . 
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Figure 6: Cause-incident-effect diagram 4 

4.4.4 Frequently mentioned causes 

Kn owledge 
of train ing 
is not 
actively 
used 

No 
knowledge 
is gathered 

Employees 
have to 
take the 
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keep 
knowledge 
up-t o-da te 

Knowledge 
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dat e 

Employees 
have less 
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knowledge 

Employees do 
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trouble to 
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When looking to the former four cause- incident-effect diagrams and the seven given 
in appendix 6 it is possible to recog nize causes of internal incidents t hat have 
occurred at more then one incident. These incidents will be given in Table 1 at the 
following page . 
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Table 1: Causes of internal incidents 
Causes of internal incidents Cause of how many 

incidents? 
Employees do not share information with each other 2 
Employees communicate not enough with each other 5 
Laxity of employees 7 
Employees do not always ask things they do not 5 
know 
Employees are not enough involved 3 
SOPs are too detailed 2 
SOP knowledge is not good enough 2 
No manual for working in new employees 2 

The question is how it is possible that these causes occur at more incidents. I believe 
the explanation for this is that there is no formal structure for sharing information 
with each other and for finding out things that are unknown. Employees are busy 
with the execution of their study and do not have the time and interest to find out 
things not directly related to their study. I think this is an important reason why 
employees sometimes are not enough involved in things outside their own study and 
why they seem lax. 

4.5 Questionnaires 
As fourth I looked at the results of two questionnaires that have been completed in 
October 2004. One was the MPEC questionnaire filled out by only the CRM-CE 
department. The second one was the Global Voices survey conducted worldwide. The 
results of these two questionnaires for the CRM-CE department w ill be discussed in 
the following. 

4.5.1 MPEC 
The MPEC (Medtronic Performance Excellence Criteria) assessment is based on 
criteria used in the Malcolm Baldrige National Quality Award (NIST, 2004), the United 
Stated most prestigious quality award. The purpose of this assessment is to identify 
opportunities for improvement within the CRM-CE department in order t o enhance 
the departments' performance. This questionnaire is completed each year since 2000 
within the department. 

The response rate of the MPEC questionnaire was 100% in 2004. The questionnaire 
consisted of 62 statements on 7 theme areas or categories. These theme areas are: 
1) Leadership; 
2) Strategic planning; 
3) Customer & market focus; 
4) Information & analysis; 
5) Human resource focus; 
6) Process management; 
7) Business results. 
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When looking to th e results of the last five years (see Figure 7) it is clear that the 
performance has improved in comparison to 2000. But when comparing t he results 
of 2004 and 2003 it can be seen that on the areas of strategic pla nning and human 
resource focus the scores were lower. Employees for instance bel ieve that they do 
not receive enough training to fulfill their needs for knowledge and expertise. They 
also feel not recognized for the work they do, making the motivation for doing things 
low. Also employees do not have the feeling that they are involved in making plans 
for the future and t hat they have an opportunity to give their ideas. 
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Figure 7: Results MPEC questionnaire 

4.5.2 Global Voices 

8 

Global Voices, Medtronic's worldwide employee survey, is conducted each two years, 
since 1992. It is a strategic business tool designed to promote performance 
excellence. Through this survey, employees provide feedback and express their 
views regarding cri t ical areas of business effectiveness . This information is used to 
help drive improvements by defining actions to strengthen Medtronic Inc.. The 
response rate for the Global Voices questionnaire of 2004 for the CRM-CE 
department was 96 % . There were 64 statements on 14 theme areas. These areas 
are senior management, immediate manager/supervisor, corporate citizenship, 
mission & strategic direction, customer focus, measurement, valuing employees, 
training, employee development, overall satisfaction, teamwork, involvement, 
operating effectiveness and employee retention. 

When comparing the results of the questionnaires of 2000 (FY0l), 2002 (FY03) and 
2004 (FY05) it can be seen in Figure 8 at the following page that in comparison to 
2000 the CRM-CE department now scores lower on senior management, training, 
satisfaction, teamwork, involvement and employee retention. In comparison to 2002, 
the department now scores lower on training, employee development and 
involvement. Theme areas that are not ranked as strength in 2004 are sen ior 
management, corporate cit izenship (involvement in the community), training, 
employee development, teamwork, involvement and operating effectiveness. Theme 
areas that are too weak (below 50 % ) are corporate citizenship and involvement. 
What for instance can be seen is that employees bel ieve that new employees do not 
receive training necessary to perform their jobs effectively. Employees also believe 
they are not enough involved in decisions that affect them and are not able to 
prepare for upcoming changes, because they do not know them. 

33 



Evaluation and learning in order to innovate 

Global Voices CRM Clinical 

100 ·r------------------------------, 

90 

80 -

70 -

60 
1---,.,11~--.............................. ....,_....,._ ... ""'" __ ~------,,jl~ 

so -1-1,--~ i-+-i'-----~_,_.._ _______ ~ - ..,.::;;;..., ..... -1 

40 -

30 

20 

10 · 

0 +--~-~-~-~-~-~--- ~-~-~-~-~-~--1 

~ ~Q ~,Q ,~~-4, , ~0 ~..._ .c-Q . <::-~ ,.)...._ o<::- ~ <::-..._ <S' ~ 
~os l' <::-0 ,.;i-" ~av ~0 0' ~-:-" <Jq, & ~o ~q, ~ ~ 

0' ~Oj . ·~q, . c,'i? /} .~~~ ,<._<. ,-,~Q .)}'b ,,r>'b~ o~,.!.q, 0 ~~Q 
~ 0-<,; ~0 Gv ..:::,.~v V c,'b" .,v <.S:-,.). 

"-,~ .... 
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4.6 Other causes 
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I also investigated whether there were other problems that could be related to a lack 
of knowledge sharing. In this paragraph I want to give a short overview of these 
problems that influenced the sharing of knowledge at the CRM-CE department. I 
want to discuss the turnover of personnel, the performance evaluation and the 
rework done during clinical studies. 

4.6.1 Turnover of personnel 
When looking to the period from May 2000 until January 2005 the turnover of 
employees was rather high. The reasons why employees left the department are 
given in Table 2 including how many employees lelt the department during a 
particular year for a particular reason . 

Table 2: Reason of turnover 

Reason May '00 - May '01 - May '02 - May '03 - May '04 -
April '01 April '02 April '03 April '04 January '05 

Due to regrouping of 4 0 1 4 6 
departments 
To an other Medtronic 1 3 1 2 0 
oosition 
Temporary contract 0 1 0 1 1 
Contract not 0 1 0 2 2 
prolonqed 
Other opportunities 0 5 4 1 0 
outside Medtronic 
Fired 0 2 0 2 0 
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A lot of the employees who left the department due to other opportunities outside 
Medtronic left the department because the conditions of employment. A lot of women 
wanted to work part-time and this was not possible. The previous clinical research 
director did not approve it when employees wanted to work fewer hours a week. 
Some employees could earn more money somewhere else. Also a lot of employees 
left the CRM-CE department due to regrouping of departments. They took a lot of 
experience with them. The effect of this rather high turnover is that there are not 
many experienced employees anymore at the CRM -CE department. Table 3 gives an 
overview of how many employees started in which year to work for the CRM-CE 
department until January 2005 (this are all the employees of the CRM-CE 
department). 

Table 3: New employees per year 

Year '92 '93 ' 94 '95 ' 96 '97 '98 '99 ' 00 '01 ' 02 '03 '04 '05 
Number of 1 0 2 0 3 1 1 1 1 3 2 6 6 1 
employees 

It can be seen that since 2001 18 new employees started working for the CRM-CE 
department. So 64 % of all the employees have less then four years of working 
experience at the CRM-CE department, making it a relatively young department. 

4.6.2 Performance evaluation 
I also looked at how employees' performance is evaluated . This performance of 
employees is evaluated based on two major aspects. At first for each employee each 
year objectives are set by the management team that have to be fulfi l led. Some 
objectives are personal; other ones have to be fulfilled together with other clinical 
study team members. The score of an objective ranges from 80 % until 120 % 
depending on how fast or how good the employee has fulfilled that particular 
objective. 

Secondly the performance of the employee depends on how the employee has 
demonstrated the core competencies Medtronic Inc. has set for all its employees. 
The core competencies are: 
• Results orientation 
• Integrity 
• Interpersonal effectiveness 
• Customer-focused quality 
• Continuous learning 
• Innovation 
• Performance management leadership 

The last competency only applies to people managers. The rating for each 
competency is "needs improvement", "expected contributor", "high contributor" or 
"exceptional contributor". These six or seven ratings will lead to one rating by 
looking to the rate that occurs mostly. 
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The rate for the objectives and for the competencies will lead together to one rate for 
each employee. 5 % of the employees have to score a "needs improvement", 60 % 
of the employees have to score an "expected contributor", 25 % have to score a 
"high contributor" and 10 % of the employees have to score an "exceptional 
contributor". Medtronic Inc. sticks strictly to these percentages. For next year this 
system will be changing. Employees get a chance to define their own objectives and 
there will be 20 core competencies on which the employees will be evaluated. 

This performance evaluation system leads not to more awareness of employees for 
improving the professionalism of the department. When the objectives are set right 
this can help, but now the objectives are personal or team related and not really 
department related. The personal objectives can also lead to an individual way of 
working. Employees only want to fulfill their objectives and do not pay enough 
attention to other activities that can be more important. The core competencies are 
explained in general and also do not lead to a more professional way of working. 
Maybe the new system will be better, but this will turn out next year. 

4.6.3 Rework 
Finally I examined rework that occurred during the execution of clinical evaluation 
studies. Rework is defined as "the unnecessary effort of redoing a process or activity 
that was incorrectly implemented at the first time" (Love and Li, 2002). When talking 
with employees, there arose a feeling that there is a lot of rework when conducting 
clinical studies. A lot of work is done that should not be necessary if everything is 
done in the right way at the first time. I tried to investigate if this was true, but for 
this it is necessary to collect data during an entire study . Due to time lack (a clinical 
study can take one and a half year) it is not possible to measure the amount of 
rework during this project. So I asked some employees what they thought would be 
the amounts of rework done during a clinical study. 

First I asked them how much time was saved if a new employee was worked in in a 
better way and had received more accompaniments during the first months of work. 
Employees told me this could range from 5 % until 30 % during the first six months 
of working. Then I asked them how much time could be saved if each PC performs in 
the same way and does not make serious mistakes. They told me this could range 
from 20 % until 60 % depending on which PC is working at a study. 

As third I asked how much time could be saved if the SOPs are clearer and it is 
known which mistakes have been made in the past. They told me this could range 
from 2 days until one week per mistake that is made. Finally I asked them how much 
time could be saved if it is not necessary to rectify mistakes due to not having 
enough time to check the SOPs on time. The employees told me this could range 
from 20 % until 40 % per study. 

These data are only based on employees' guess and it is not said that this is correct. 
It is only used for getting an indication whether there is rework and how much it 
could be. The amount of rework is never measured in the past because milestones 
are always obtained and the rework does not seriously influence the performance. 
When the given amounts are (almost) correct, rework is a serious problem that can 
for instance be identified and prevented by tools and techniques like quality and 
learning practices in order to improve the "learning capability" of employees and to 
stimulate organizational learning (Love, Irani and Edwards, 2003). So in the 
following paragraph I will examine the influence of organizational learning on 
knowledge sharing. 
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4. 7 Organizational memory 
When looking to the previously mentioned bottlenecks, like audit findings that 
happen more then once, a high turnover and the occurrence of rework, it appears 
there could be a problem on the area of organizational learning and on the area of 
sharing organizational knowledge. In the following I will further investigate if this is 
true by looking to the influence of organizational memory on a lack of knowledge 
sharing . 

Organizational learning can be reflected by the amount of organizational memory. 
Moorman and Miner (1997, 1998) define organizational memory as reflecting 
learning from experience, and that experience occurs at a specific time in a specific 
setting. They define organizational memory as collective beliefs, behavioral routines 
or physical artifacts that vary in their content, level, dispersion and accessibility. 
Organizational memory can be found in organizational beliefs, knowledge, frames of 
reference, models, values, norms, organizational myths, legends and stories. It can 
also be found by learning from experience, particular ways of doing th ings that 
become encoded in formal behavioral routines (like SOPs), informal behavioral 
routines (like scripted interactions), procedures and scripts . Finally organizational 
memory can be found in physical artifacts, which embody the results of prior 
learning. 

An important question now is whether there exists enough organizational memory at 
the CRM-CE department. When looking to the content of organizational memory we 
can see that the procedural or process memory can be found in the SOPs. The 
memory of underlying skills for performing tasks and the memory of concepts, facts 
or events is only available at the individual employee, but not collectively. When 
looking to the level of organizational memory it is clear that there is less stored 
information concerning past failures and how they could be prevented. Some things 
are stored on the departmental computer drive of the CRM -CE department, but 
cannot be found. And sometimes the previous failures are known, but no one ever 
looked at how it could be prevented. There are also low levels of experience in 
performing clinical studies due to the fact that most employees do not have much 
working experience at the CRM- CE department. 

When looking to the dispersion of organizational memory it is clear that there still is 
variance in the degree to which employees adopt firm knowledge and skills . Some 
employees are willing to learn and look forward, other employees only do what they 
need to do and are not involved in other work related things. When finally looking to 
the accessibility of organizational memory we can see that the CRM-CE department 
does not have practical mechanisms to "remember" what worked and why. Failures 
are repeated and success formulas have to be rediscovered. Employees still have 
the feeling that wheels are rediscovered over and over. Useful lessons are not 
captured; employees only know them when they have experienced the lessons by 
themselves. Employees also do not ask other employees for experiences with their 
studies and what they can learn of it. 
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Also Hamel (1991) has looked at organizational memory. If organization's capacity to 
learn is limited because employees are not encouraged or taught to transmit the 
knowledge they gain to others in their organization then that knowledge does not 
become organizational memory . But the intent to learn should be a primary concern 
for each company wanting to develop and strengthen internal distinct competencies 
that can provide a competitive advantage . What can be seen is that the management 
of the CRM-CE department sees the advantages of organizational learning. But they 
do not encourage employees to share knowledge, because they do not know how to 
do it and they do not have any tools that can help to share knowledge. 

So what can be concluded given this information, is that there is limited 
organizational memory available at the CRM -CE department. 

4.8 Conclusion 
When looking to the information given in the preceding paragraphs of th is chapter, 
some conclusions can be drawn. In general can be concluded that there is no 
problem on the area of sharing market/customer and technical knowledge. But there 
is a problem on the area of sharing organizational knowledge at departmental level. 
This is derived from limited organizational memory . When looking to this limited 
organizational memory and the reasons why, it can be seen that these reasons are 
similar with the previously found bottlenecks from paragraph 4.2 until paragraph 
4.6. So we can conclude that the most important bottleneck of the CRM-CE 
department is that there is limited organizational memory . The other important 
bottlenecks of the CRM-CE department are : 
• The same audit findings occur more then one time. There is no learning process 

from previous studies and previous mistakes; 
• Employees are not really interested in the work other people are doing and they 

do not easily ask how things should be done; 
• Causes of incidents turn out to be the cause of more then one incident. These 

causes are above all the laxity of employees, employees not communicating 
enough with each other and employees not always asking for things they do not 
know; 

• The two questionnaires showed that the performance on the area of involvement, 
teamwork, training, employee development, human recourse focus and strategic 
direction is too low; 

• Employees have the feeling there is too much rework ; 
• There was a high turnover leading to a young department with employees with 

less working experience. 

In general we can conclude that the CRM-CE department is performing well . The 
bottlenecks have not led to serious performance problems in the past; there have 
been no clear effects on time, quality or costs. There is and has been enough slack 
during the execution of clinical studies so that rework and failures do not attract 
attention and milestones are still achieved. There is also enough knowledge present 
and within study teams the communication is well. But between study teams the 
communication and learning from each other can be improved . It is also good to 
anticipate more on turnover in the future, because these employees take a lot of 
knowledge with them. 

38 



Evaluation and learning in order to innovate 

Up to now these are problems that have happened from time to time. But these 
irregularities can accumulate to a major problem if all problems happen 
simultaneous. In the short term these bottlenecks will not lead to serious 
performance problems, but on the long term it is possible these bottlenecks lead to a 
potential performance problem. And when this happens, there will be questions why 
no one dealt with the irregularities of the past. So it will be good to strengthen the 
organizational memory of the CRM-CE department at this moment. It is better to 
anticipate on problems that can happen then to fix them. 

In the following chapter a solution will be given for how these bottlenecks can be 
tackled and how organizational memory can be strengthened. 
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Chapter 5 Design of solution 

In the previous chapter the most important bottlenecks of the CRM-CE department 
are given . In this chapter will be discussed what can be done to tackle these 
bottlenecks to ma ke the department more professional and to strengthen 
organizational memory. In the first paragraph possible solutions will be given, 
followed in paragraph 2 by the solution for this graduation project. In the last 
paragraph requirements will be given the solution needs to fulfill. 

5.1 Possible solutions 
In general can be concluded that there is limited organizational memory at the CRM
CE department. This can be concluded by the fact that employees do not always 
know previous mistakes and do not learn from them. Employees are also not always 
enough involved in the CRM-CE department and there is a fairly amount of rework. 
Also due to the high turnover in the past, employees took a lot of knowledge with 
them. The question now is how this limited organizational memory can be tackled. 

Moorman and Miner (1997, 1998) state organizational memory can be improved by 
creating increasingly sophisticated organizational memory systems in which 
engineering drawings, parts specifications, costs, and other concrete features of prior 
products are made available to in-house designers and even vendors. Also facts, 
propositions, events, elements of skills and routines have to be stored in this system. 

Love, Irani and Edwards (2003) state that if an organization is to learn, it should 
institute systems and processes that help individuals readily convert tacit knowledge 
to explicit knowledge first, then by groups/work teams, and finally the organization 
as a whole. They suggest project review as a tool for instituting these systems and 
processes. They state that firm's performance and the awareness of failures in 
projects can be improved by carrying out project reviews. It can also reduce rework 
and is needed to improve the organizational memory. 

When looking to the project management concepts given in chapter 3, it can be seen 
that a clear, formal evaluation during the round off phase of each clinical evaluation 
study is missing. Also the question arises whether there is enough feedback and 
communication to make a clinical study really successful. 

So when looking to the solutions given by Moorman and Miner (1997, 1998), the 
solutions of Love, Irani and Edwards (2003) and the missing project management 
aspects, the conclusion is that a project review system will be a good tool for tackling 
the bottlenecks of the CRM-CE department. 

5.2 Project review system 
By developing a project review system the CRM-CE department can focus more on 
organizational learning practices. The goal of this system will be to improve the 
quality of the processes of the CRM-CE department by evaluating what has happened 
and learning from past experiences. It is the intention that the eva luation system will 
lead to more awareness of employees concerning the experience gained at other 
studies, more involvement of employees, a reduction of audit findings and to a 
higher level of knowledge sharing and organizational memory. There will also be 
more emphasis on t ime and this will lead to avoidance of rework. 
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Project review can be done ad hoc when there are problems with a certain project or 
only after particularly large projects. That is not the intention of this system, because 
in that case a lot of learning points are not captured . So it is the intention to develop 
a systematic project review system for all studies to make sure employees will learn 
from each clinical study that is conducted. 

5.3 Requirements 
Every entity that will be developed has a certain form or realization that fulfills a 
certain function for a certain group of people. Designing is the process of defining 
that function and making a design for that form or realization. When defining the 
function also some design requirements have to be defined (Van Aken, van der Bij 
and Berends, 2000). 

So when developing a project review system it has to be in such a way that the 
quality of the processes of the CRM-CE department will be improved. But before this 
system can be developed design requirements have to be defined. I will look to user 
and functional requirements and will specify them in the following. These 
specifications of the design requirements are based on the results given in chapter 4, 
on practical experiences with performing clinical studies and on guidelines for 
performing clinical studies. The specifications are defined together with the 
employees of the CRM-CE department and my company mentor. 

5.2.1 User requirements 
• The project review system should be understandable for all employees ; 
• All employees should be involved in the development of the project review 

system so that everybody accepts the system; 
• The project rev iew system should not take too much time to complete, while 

other activities for the study like writing publications still have to be done too; 
• The management team should allow employees to spend time to carrying out 

project reviews and to define and implement improvement actions; 
• The management team should stimulate employees to use the project review 

system so that the system will be actively used and will lead to improvements. 

5.2.2 Functional requirements 
• It has to be clear for all employees and the management which steps of the 

clinical evaluation study will be evaluated; 
• It has to be clear for all employees and the management which activities belong 

to each step of the clinical evaluation study; 
• Only the most important activities that really influence the way in which studies 

are conducted, should be evaluated; 
• Only the active phase of a clinical study should be evaluated, because then the 

memory of employees of what has happened is still fresh; 
• The project review system has to give a clear guideline of how the results should 

be followed up so employees can learn from it; 
• The project review system should finally lead to actions for improving the 

processes of the CRM-CE department; 
• The project review system should be useable for all clinical studies that are 

executed at the CRM-CE department; 
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• The project review system should be able to respond to chang ing environments, 
like other data entry systems or other important measurements. It should be 
easy to make adjustments; 

• The general structure of the project review system should be useable for other 
departments within Medtronic Inc., which also want to conduct project reviews. 
Only the measurements should be adjusted to the specific situation of that 
particular department. 

In the following chapter an overview of existing literature in relation to project 
review and its requirements for developing project review systems wil l be given. 
That information and the information of this chapter will lead in chapter 7 to a 
general project review system for the CRM-CE department. 
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Chapter 6 How to review projects 

Before developing a project review system it is good to get an idea of what it is 
based on existing literature. The first paragraph will give definitions of project review 
followed by the purposes of project review. The third paragraph will explain how 
project review systems should be developed, the fourth paragraph how it can be 
judged and then in paragraph five, how it should be followed up. In paragraph six I 
will give an overview of how employees can be involved in the project review 
system, followed by some remarks. Finally some conclusions will be drawn . 

6.1 Definition 
It is important to know how project review is defined in the literature. Meredith and 
Mantel (1995) define project review as trying to capture the essence of project 
success and failures so that future projects can benefit from past experiences. 
Project review appraises the progress and performance of a project compared to that 
project's planned progress and performance, or compared to the progress and 
performance of other, similar projects. Verschuren and Doorewaard (1995) state that 
project review is used to pass a judgment on a situation or an event in terms of 
positive or negative. Such a judgment supposes that there is a criterion on which 
such a judgment can be made. Von Zedtwitz (2003) suggests that project review is a 
formal review of the project that examines the lessons that may be learned and used 
to benefit future projects. So in general, the intention of project review is t o evaluate 
the performance of a project in terms of what went good and what went wrong in 
order to learn from it for future projects. 

6.2 Purposes 
It is good to know what the purposes of project review are. Pawson and Tilley (1997) 
state that the review of projects is necessary to make sure that employees look back 
and build on previous findings of projects so they can look forward to future projects. 
The evaluation of past initiatives gives the best available information on past 
experiences in relation to problems to be addressed and on strategies for addressing 
it. It can also help to avoid reinventing the wheel and it allows companies to 
establish results of initiatives (short-term and long-term) in order to decide whether 
or how they should be modified. 

Meredith and Mantel ( 1995) argue that many deviations from plans occur only one 
time, but some can be caused by happenings that are very likely to recur. Project 
reviews can detect these happenings so more attention can be paid to pred icting and 
controlling these happenings for future projects. So project review identifies 
problems earlier, improves performance, reduces costs, evaluates the quality of 
project management, identifies mistakes and locates opportunities for future 
improvements. Through project review judgments can be made about the quality 
and effectiveness of project performance to improve the chances for future projects 
to meet their goals. According to Verschuren and Doorewaard (1995) the intention of 
project review is to verify if the project plan was feasible, opportune, executed 
properly and if the results were satisfactorily. Project review is needed to find out 
why there was a lack of success or why the success was incomplete, and for finding 
out which improvement proposals can be formulated. 
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Another purpose of project review is to reduce the amount of rework (particularly 
from failure) by focusing on organizational learning practices. Often there is a lack of 
attention to project reviews, while the awareness of project failures may have great 
impacts on the performance in future projects, specifically in terms of reduced 
profits. So companies must be stimulated to learn from their mistakes by carrying 
out project reviews (Love, Irani and Edwards, 2003). Also Busby ( 1999) mentions 
organizational learning. Project reviews are necessary to let people test new 
experiences against their existing knowledge and to revise that knowledge in order 
to learn. Knowledge of what had occurred and to diagnose the outcomes of 
performance is usually dispersed among several people, so other people have to be 
consulted to get this knowledge. Also dissemination often matters critically while 
companies rarely are so specialized that every task of type X always goes to 
individual Y. If we want to learn from experience, we must do so collectively. 

6.3 Development 
As to Meredith and Mantel (1995) project review consists of four parts: 
1) The project objectives and the assumptions made during preparation of the 

project budget and schedule. This is because actual project performance depends 
in part on uncontrollable events like sudden loss of employees or strikes. 

2) Milestones, checkpoints and an overview of project performance against the 
planned budget and schedule. Deviations of actual budget and schedule from 
planned budget and schedule that are important should be highlighted ; 

3) The final report on project results including explanations why deviations of actual 
budget and schedule from planned budget and schedule have occurred. Things 
that went wrong and things that went particularly well have to be mentioned. 
Also the project organization, the interactions between the various working 
groups, an explanation of the methods used to plan and direct the project and a 
review of the communication networks, the monitoring systems and the control 
systems should be given; 

4) Recommendations for performance and process improvement. The process of 
organizing and carrying out projects can be improved by recommending the 
continuation of managerial methods and organizational systems that appear to be 
effective and by altering practices and procedures that are not effective. 

According to Von Zedtwitz (2003) project reviews have to be done immediately after 
achieving the last project milestone, when the memory is still fresh and project 
members are still present. For carrying out project reviews the following guidelines 
have to be followed: 
1) Project review has to be run like a mini-project. A goal has to be set, and 

creativity and input for developing the system are necessary; 
2) A trained, independent facilitator should run the project review to allow the 

project members to focus on the review results. This meeting should be held in 
the right environment (no interruptions) at the right time (no deadiines); 

3) The project team has to be prepared for the review meeting. This pre-review 
work includes questions about the project itself and can be completed by a 
request for the most unusual or surprising observations from the project; 

4) A retrospective project meeting should take place with all key stakeholders of 
current and se lected future projects (managers, marketing and sales people, 
customers, project members, etceteras) to look exclusively at the development 
process of the project and potential improvements; 

5) A written summary document has to be produced focusing on concrete 
conclusions, warnings and recommendations for subsequent teams. 
Responsibilities for taking action on the recommendations have to be assigned. 
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Bonner, Ruekert & Walker (2002) state that organizational processes and/or 
outcomes are monit ored and evaluated relative to a predetermined set of control 
standards. These standards are assumed to remain constant over course of the 
control period. This assumption is reasonable when the activities being controlled are 
well understood and when the control period is relatively short. Projects should be 
reviewed by: 
1) The degree to which the project was completed on schedule; 
2) The degree to which the project was adhered to budget; 
3) The degree to which the resulting product met technical performance 

specifications; 
4) The degree of overall team performance. 

Jansen & Joostens (1998) studied how questionnaires have to be defined. This 
knowledge can also be applied for carrying out project reviews. The questions of the 
project review are questions asking for facts and for the opinion of employees 
depending on the review subject. It is important that these questions should be 
asked in a logical manner, following the way in which projects are performed. When 
the questions are defined, it is necessary to test them to see whether employees 
understand them and to verify whether the project review can be completed easily. 
It is also important to give employees a short instruction of what is expected of 
them. When it is simple to let all employees participate in the project review due to a 
small amount of employees or the need to get all relevant input, all employees 
should participate. After carrying out the project review a report should be written 
containing a short summary, an introduction, the design of how the project review is 
set up, the results of the project review, conclusions and recommendat ions. When 
necessary a supplement containing the questions asked can be added. When 
carrying out project reviews it is also necessary to define how long it should take and 
when it should be ready. 

All authors only give theoretical frameworks, they do not give any directives of how a 
project review systems works in practice. 

6.4 Judgment 
A project review system is useful if it has the appropriate characteristics and does 
not ask for unrealistic things. Meredith and Mantel (1995) give characteristics that 
can be used to judge the usefulness of a project review system. These are: 
1) The system should be flexible and able to react to and report unforeseen changes 

in system performance; 
2) The system should be cost effective; the cost of control should not exceed the 

value of control ; 
3) The system must be truly useful; it must satisfy the real needs of the project; 
4) The system must operate in an ethical manner; 
5) The system must operate in a timely manner; problems must be reported while 

there is still time to do something about them and before they become large 
enough to destroy the project; 

6) Sensors and monitors should be sufficiently accurate and precise to control the 
project within limits that are truly functional for clients and organization; 

7) The system should be as simple to operate as possible; 
8) The system should be easy to maintain; 
9) The system should be capable of being extended or otherwise altered; 
l0)The system should be fully documented when installed and the documentation 

should include a complete training program in system operation. 
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Busby ( 1999) judges project reviews based on how well the learning process worked 
out. He judged the project review as a good system when: 
1) Employees ask what could have been done to remedy a problem, instead of 

explaining problems by referring to other parties and believing there are external 
causes; 

2) Employees can react to large changes in the environment instead of being too 
narrowly specific in their diagnoses; 

3) Employees ask a diagnosing "why" instead of a clarifying "why" making a deep 
diagnosis possible and are able to reference to objective outcome data, especially 
costs and time scales. 

4) Employees have enough awareness of the issue leading to problems and can 
interpret these errors in the right context. 

6.5 Follow up 
Only carrying out project reviews is not enough, follow up is necessary on what can 
be maintained and what can be better in order to learn from it. When it is not clear 
how problems have happened, it is rational to acquire additional information. This 
only needs to be done if the cost of that information is less than t he cost of 
uncertainty it reduces. In other words, there is a point at which the cost of reducing 
uncertainty of project review results through quality control procedures is too high 
and then it does not make sense to acquire this additional information (Davis, 1990). 

Project review leads to recommendations for performance improvements of future 
projects. Recommendations that can be made are (Meredith and Mantel, 1995): 
1) Improve the understanding of the ways in which projects may be of value to the 

organization; 
2) Improve the processes for organizing and managing projects; 
3) Identify organizational strengths and weaknesses in project-related personnel, 

management and decision-making techniques and systems; 
4) Identify risk factors in the firm's use of projects; 
5) Improve the way projects contribute to the professional growth of project team 

members. 
6) Concrete recommendations on these areas will lead to a valuable project review. 

Follow up of project reviews can also be on the area of learning from it. Busby 
( 1999) says that it is possible to learn by discussing the outcomes and their 
explanations. Also rehearsing event sequences to help infer why that things 
happened as they did is a learning possibility. Also the review structure is important 
for learning . When other employees attended the review meeting it turned out that 
this was an important way of disseminating the results and obtaini ng quite a 
profound understanding of what had succeeded and failed on the project under 
review. 

6.6 Involvement 
It is important to involve employees in project reviews, because each person in an 
organization has something to teach others and something to learn from others 
(Pawson and Tilley, 1997). Although there is a lot of skepticism at employees that 
reviews would actually make a difference, it is important to convince then from the 
opposite (Busby, 1999) . To get employees involved, it is important to give them 
enough time to do the project review, so remedies get profound treatment. It is 
important that remedies will be analyzed, side effects explored and implementation 
well planned. 
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Employees should also be involved in the design of the project review in order to 
strive for a clear mutual understanding of what is to be done, how it is to be done 
and how to reach maximal involvement (Davis, 1990). But when employees are 
involved, they also have to learn from project review. Majchrzak, Cooper & Neece 
(2004) found that employees were motivated to reusing others' knowledge only 
when they confronted a problem that was insurmountable with their current 
knowledge and resources, reconceptualized the problem and approach to require an 
ambitious new perspective and believed that existing ideas were likely to be found 
somewhere that would be useful. 

Another point of involvement is how employees will be rewarded. Bonner, Ruekert & 
Walker (2002) argue that rewards are often allocated to the team's members based 
on the team's behavior and performance relative to the formal control standards. 
These rewards tied to overall team performance can encourage co-operation, are 
motivational and can improve the co-ordination of goal-oriented activities. It can also 
reduce the potential for conflicts within working groups. 

6.7 Remarks 
Special attention has to be paid to the fact that project managers often focus their 
attention only on trouble (Meredith and Mantel, 1995). This is quite natura l, but it is 
important that there is also a complete documentation of why some things went well. 
Houston and Rothschild (1980) mention also that an evaluation of the negative 
consequences of project performance is as necessary as an evaluation of its positive 
consequences. 

It is also possible project review leads to problems like (Meredith and Mantel, 1995; 
Van der Zwaan, 1995; Busby, 1995; Von Zedtwitz, 2003): 
1) Too many and vague goals and these are often contradictory; 
2) Often too many, not clearly specified, measurements; 
3) It is not always clear how employees and the management should support the 

changing process; 
4) Employees are under constant performance pressure, so there is little 

opportunity to st ep back and take time to evaluate problems; 
5) Employees often fear that the review is not carried out fairly, with proper 

emphasis on what is being accomplished rather than stressing shortcom ings; 
6) Individuals sometimes are unwilling to assume accountability for failures, 

because failures may have a negative impact on their career or because they are 
embarrassed to acknowledge that they have made failures in public. Looking 
forward to new projects is more appealing; 

7) Maintaining social relationships matters more to most people than accurate 
diagnoses of isolated events; 

8) People are predisposed against project reviews. Many people believe that if they 
have an experience they will necessarily learn from it and if they do not had the 
experience they will not learn from some one else who has had the experience; 

9) People are limited in their capacity to learn from experience and do not always 
reflect upon past actions and their consequences. Easy-to-categorize incidents 
are more easily to remember, while complex and ambivalent experiences are 
repressed; 

l0)It is difficult to generalize insights so that they can be used at a wide range of 
projects. 

It is good to keep in mind that these and other problems can arise when carrying out 
project reviews and that these problems have to be tackled. 
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6.8 Conclusion 
It is important to remember that project review captures learning from failed 
projects as well as from successful projects. Like Von Zedtwitz (2003) says, without 
failure there is little learning, so failure must become an accepted part of how 
projects are performed and managed. What has become clear, is that project review 
can be a very useful tool to help companies to evaluate their projects in a structured 
manner if it is carried out seriously. If all team members and other related 
employees are committed to the project review it leads to a better way of performing 
projects. Mistakes from the past are known and solutions can be found to prevent 
them from occurring in the future, so no reinventing from wheels anymore. Also 
things that went well are known and can be taken along to other projects. In general 
it can be said that project review leads to the reuse of information, learning from 
others and the past and to a better way of performing future projects. 
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Chapter 7 Project review system 

In this chapter the project review system will be explained. In the first paragraph the 
intended results for the project review system will be given . In the second paragraph 
I will give the general project review system. In the third paragraph this system will 
be translated into a system useable for the CRM-CE department. In paragraph four 
the evaluation for the study team will be explained. The project review system is 
tested and these results are given in paragraph five. In the last paragraph I will 
explain how the system should be used. 

7.1 Intended results of the project review system 
Before developing a project review system, the intended results of the project review 
system for the CRM-CE department will be briefly discussed in relation to the 
requirements given in chapter 5. 

7.1.1 User requirements 
The project review system should not take too much time to complete and be 
understandable for all employees. This can be reached by involving all employees in 
the development of the project review system so that everybody accepts the system. 
Also the management team should be involved in this project review system. They 
should stimulate employees and allow them to spend time to carry out project 
reviews and to define and implement improvement actions. 

7 .1. 2 Functional requirements 
The project review system should evaluate only the most important activities of the 
active phase of a clinical study that really influence the way in which studies are 
performed. These activities should be clearly defined for all employees. The project 
review system also has to give a clear guideline of how the results of the project 
review should be followed up. Then employees can learn from it and the processes of 
the CRM -CE department can be improved. 

It should also be able to adapt the project review system to changing environments 
or requirements. The general structure of the project review system should be 
useable for all studies performed at the CRM-CE department and for other 
departments within Medtronic Inc., which also want to conduct project reviews. So it 
should be easy to make adjustments. 

These intended results have to be taken into consideration when the project review 
system will be developed. 

7.2 General project review system 
Project review is needed for trying to capture the essence of project success and 
failures so that fut ure projects can benefit from past experiences (Meredith and 
Mantel, 1995). For this a structured system is needed. Before developing a project 
review system for the CRM-CE department in detail it is good to know how this 
system should be developed based on the existing literature. This will be explained in 
the following. 
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7.2.1 General 
It is important to involve employees in project reviews, because each person in an 
organization has something to teach others and something to learn from others. It is 
also necessary to involve employees in the development of the project review 
system in order to strive for a clear mutual understanding of what is to be done, how 
it is to be done and how to reach maximal involvement and commitment. 
The questions of the project review system are questions asking for facts and for the 
opinion of employees depending on the review subject. It is important that these 
questions should be asked in a logical manner, following the way in which projects 
are performed. When the questions of the project review are defined and the project 
review system is ready, it is necessary to test them to see whether employees 
understand them and to verify whether the project review can be completed easily. 

7.2 .2 Introduction 
Before employees carry out project reviews it is good to give them a short instruction 
of what is expected of them. In this instruction the purpose of the project review 
should be explained and how the project review has to be carried out. This 
instruction should also mention which person employees should contact if they have 
questions. 

7.2.3 Project review system 
The project review has to be done immediately after achieving the last project 
milestone, when the memory of project members is still fresh and they are still 
present. The project review system consists of the following steps: 
1) A definition of the objectives and features of the project; 
2) The assumptions made during the preparation of the project budget and schedule 

have to be given if applicable; 
3) Milestones of the project have to be given if they are at the critical path of the 

project. Also an overview of project performance against the planned budget and 
schedule and it deviations should be given; 

4) The organizational processes and/or outcomes should be monitored and 
evaluated relative to a predetermined set of control standards. These standards 
are assumed to remain constant over course of the control period; 

5) A project review report containing the information of the previous steps. 

This project review report should contain: 
1) A short summary of the project; 
2) An introduction, including the project organization; 
3) The design of how the project review is set up, including an explanation of the 

methods used to plan and direct the project and a review of the communication 
networks, the monitoring systems and the control systems; 

4) The results of the project review including things that went wrong and things that 
went particularly well; 

5) Concrete conclusions and warnings; 
6) Recommendations, including an assignment of responsibilities for taking action 

on the recommendations. 
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The project review system should also fulfill some requirements. These are: 
1) The system should be flexible and able to react to and report unforeseen changes 

in system performance; 
2) The system must be truly useful; it must satisfy the real needs of the project; 
3) The system must operate in an ethical manner; 
4) The system should be as simple to operate as possible; 
5) The measurements should be clearly specified; 
6) The system should be easy to maintain; 
7) The system should be capable of being extended or otherwise altered; 
8) The system should be fully documented when installed. 

7.2.4 Follow up 
After the project review is carried out a project meeting should take place with all 
key stakeholders of current and selected future projects to look exclusively at the 
development process of the project and potential improvements in order to learn 
from it. It is also important to generalize insights so that they can be used at a wide 
range of projects. 

In the following paragraph this general project review system will be translated into 
a system useable for the CRM-CE department. 

7.3 CRM-CE department project review system 
When looking to the bottlenecks found in chapter 4, it gets clear that the project 
review system is needed for the CRM-CE department in order to: 
• Create more organizational memory; 
• Prevent rework from occurring; 
• Know failures that have happened; 
• Create a more professional department; 
• Acquire more involvement of employees; 
• Acquire more sharing of knowledge; 
• Acquire more working experience. 

By carrying out project reviews, employees document failures they have made and 
define improvement activities. After each review these results will be shared with all 
other employees, so everybody knows which failures are made and which 
improvement activi t ies are defined. As a result employees do not have to make the 
same mistakes again during following studies, because they acquired important 
knowledge of past studies. This leads to more experience concerning the work that is 
done, to less work that needs to be done and to fewer reworks. Fa ilures are 
prevented from occurring and employees know better what to do and what not to do. 
Also the improvement activities should lead to less work in the future. Employees are 
now more aware that they can learn from past studies if they evaluate these studies 
systematically and define good improvement activities that are carried out. So by 
carrying out the project reviews, employees will be more involved in the CRM-CE 
department, because they know they can make a difference. If they define good 
improvement activities and carry them out properly, it will make their work easier 
and that is something they really want to achieve. The project review system will 
also create more organizational knowledge, because failures and things that went 
well are captured, so employees are more aware of what has happened, when, why 
and how it can be solved. And by carrying out improvement activity employees also 
stimulate their knowledge concerning the organization to improve. This all leads to a 
more professional department. 
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When developing this project review system, the general project review system of 
paragraph 7.1 has to be translated into a system useable for the CRM-CE 
department. Also the requirements given in chapter 5 and its intended results 
discussed in the previous paragraph should be taken into consideration . The project 
review system will consist of three parts; an instruction for employees, a list with 
review questions and a standard evaluation report. These three documents are 
developed in close cooperation with all the employees of the CRM-CE department 
and will be discussed in the following. Also things that are not taken into 
consideration will be discussed briefly . 

7.3.1 Instruction 
Before employees have to complete the project review, they have to know what the 
intention of this system is and how they have to complete it. For this an instruction is 
set up (see appendix 7). It is important that employees know that this project review 
system is not a tool to keep control. The project review system is a tool to reflect on 
how the clinical evaluation study is performed and on what can be done in an easier 
or better way. The project review system is needed to define improvement points 
and to discuss this with all employees in order to perform the cl inical evaluation 
studies as good and pleasant as possible. 

The instruction document also mentions that if employees come across discrepancies 
in one of the documents of the project review system or if they have suggestions, 
they have to contact the Study Evaluation Council. This council will be responsible for 
the follow up of the project review system. 

7.3.2 Questions 
Secondly, the project review system consists of a list of questions. Th is list is called 
"Evaluation List for a Pre-market Clinical Evaluation Study" and can be found in 
appendix 8 . In this document the questions are asked in the same way as a clinical 
study is performed. The questions are divided in 9 sections. For each section is 
defined what you want to know and how to measure this. It is also possible to assign 
a responsible person to each measurement. Some measurements have to be 
calculated and when this is necessary it is given how it should be calculated. For 
other measurements only a number has to be given and then no explanation is 
given. Finally there are open questions, asking for opinions of employees. 

At first some general questions are asked as an introduction. The name of the clinical 
study is asked, its start and end date and the special features of that study. Then 
questions are asked concerning the human resource aspects. It is asked how many 
employees participated in the study in each phase, what functions those employees 
had and how many hours they spent on that study each phase. In the third section 
questions are asked concerning the pre-clinical phase of the clinical evaluation study . 
Questions that are among others asked are the cycle time for developing the clinical 
investigational plan, the cycle time for the center selection, the cycle time for the 
center activation and the cycle time for developing the database management 
system . In the fourth section questions are asked concerning the cl inical phase of the 
clinical evaluation study. Questions that are among others asked are the enrollment 
rate, the arrival ti me for Case Report Forms (CRFs), the time needed for data entry 
and the cycle time for statistical analysis. Then monitoring (how the FCMs manage all 
contacts between the physicians and the CRM-CE employees) is evaluated. These 
questions are defined in cooperation with the manager of the Monitoring department. 
The questions that are asked are among others how many monitoring visits there 
were and which percentage of CRFs was monitored. 
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The sixth section of the list of questions is feedback. There will be asked feedback at 
the FCMs and at the BRC study team concerning for example what should be 
maintained and what can be improved for future projects. To the US study team is 
asked what can be improved for future projects concerning the communication and 
cooperation. There is also a possibility to give other feedback. All this information will 
lead in section seven to a short interpretation of what has been evaluated. In section 
eight conclusions will be drawn concerning the results of the project review. In the 
last section a maximum of 3 action points will be defined that have to be SMART 
(specific, measurable, acceptable, realistic and timely). Also an action plan and a 
responsible employee for each action point will be given to follow up these actions . 

7.3.3 Standard report 
Finally, a project review standard report is developed that has to be completed after 
each project review. This report can be found in appendix 9. Just like the Evaluation 
List for a Pre-market Clinical Evaluation Study, this report consists of the same nine 
sections. Each measurement of the evaluation list can be found in this report. The 
values of the measurements have to be completed at the places where there are 
"[]". At some places a figure has to be made and inserted. Examples of these figures 
are given in the standard report. This leads to a report that is the same for each 
project review done, so reviews can easily be compared. 

7.3.4 Other 
There are also things of the general project review system that are not taken into 
consideration. The assumptions made during the preparation of the project budget 
and schedule, the milestones and an overview of project performance against the 
planned budget and schedule and it deviations are not given in this project review 
system. This has two reasons. At first, the CRM-CE department does not have to 
gain a profit. Like already previously stated, they receive funding in the form of an 
annual budget of their related SBU and from local governmental grants. This budget 
is directly related to the studies and projects the SBU wants to perform, so the CRM
CE department can also use this budget. The second reason is that assumptions and 
milestones are already mentioned in the clinical investigational plan and the final 
clinical study report. It is not necessary to mention this in two reports. And when this 
information is needed, it can be easily looked up. 

Actually the outcomes of this project review should be monitored and evaluated 
relative to a predetermined set of control standards. But it is depending on the 
features of that particular study how the control standards should be defined. There 
are studies with a high priority and these studies have low cycle times, because data 
are gathered as quickly as possible. For studies with low priority this can take a long 
time. There are also studies with a lot of patients that have to be enrolled in a short 
period, while other studies have fewer patients, but can enroll longer time. And there 
are more special features making each study unique . Due to this it is not possible to 
define one standard for all studies, because this is not comparable. So there are no 
standards defined, employees know have to give a short discussion of the results 
obtained in the standard report in which they also can refer to the special features. 
When the results of project reviews have to be compared, it has to be defined within 
the CRM-CE department how this can be done best, taken into account the special 
features of each study. This has to be defined each time again. 
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7 .4 Clinical study team evaluation 
The project review system that is given in the previous paragraph gives a good 
overview of what can be learned from each clinical study . But it is also important to 
have a closer look at what can be learned at the CRM-CE department and within and 
between the study teams. For this purpose some more questions are defined as an 
extra section of the project review system. These questions need to be answered by 
the CRM -CE clinical evaluation study team at BRC after the active phase of each 
study. The intention of this evaluation is to get an idea which information and 
knowledge employees missed and are needed to create more organizational 
memory. 

These questions are developed in the same way as the project review system (with 
help of all the employees). After some adjustments the final list of questions is 
formulated . These questions are given in appendix 10. The answers to the clinical 
study team evaluation questions have to be carefully examined in order to define 
practical improvements, in which teams can perform studies better, ma ke their work 
easier, acquire new information and knowledge and can learn from each other. This 
has to be done in close cooperation with the project review system. These results 
can be added as an appendix at the project review standard report. 

7.5 Results of the tests 
During a departmental meeting I asked all employees whether they would be 
involved in a working group for developing the project review system. It was the 
intention that this group would consist of three to five employees from each function 
group. Five employees from all the different function groups liked to participate in 
this group . Together with these employees I made the first version of the two 
evaluation lists. Then I asked all employees of the CRM-CE department (including the 
management) for feedback. There was feedback concerning measurements that were 
unclear, measurements that have to be added and grammatical corrections. Then we 
adjusted the evaluation lists and started to develop the completion instruction and 
the standard report . When this was ready, all employees were again asked to give 
feedback on the entire project review system. Also this feedback was evaluated and 
the system was adjusted in some points to make it more clearly for everybody. 

When the project review system was ready, I tested it on a study that was already 
terminated. At that moment there was no study at the end of its active phase, so I 
was not able to test the system on an active study. So I asked a selected group of 
employees (the team members of the previous study) to complete the project review 
list and to fill in the standard report. I also asked them whether they could tell me 
what was not clear enough, what is missing and what is not needed to review. These 
employees told me that all relevant information could be found in the project review 
system right now, only some definitions of measurements had to be adapted a little 
bit. The remark they made was that it is now easy to complete the project review 
because the data are already known and it is easy to find them . For a new study 
these data have to be calculated first and this takes more time. It can also lead to 
problems if not all data are present. So it is possible that after the first real project 
review some adaptations have to be made to the system. The adaptations that were 
suggested during this test are processed in the final project review system. 

54 



Evaluation and learning in order to innovate 

The clinical study evaluation list was not tested. The study that was used for the test 
of the first part of the project review was, as already mentioned terminated. The 
team members are already busy with a new study. When employees have to answer 
these questions for the old study, they can mix up their memories with things 
happened at the new study and this leads to a distorted image. So this list will be 
tested when the first study will carry out the project review system and then 
adaptations can be made. 

After all adaptations are processed, the management and all employees of the CRM
CE department are again asked for feedback. There was no other feedback and they 
all approved the final version of the project review system as given in paragraphs 
7.3 and 7.4. 

7.6 How to use the project review system 
The project review system is an invitation for employees to think about what has 
happened in the past and about what is necessary to continuously improve. For this 
it is important employees learn from their activities and from the activities of others. 
I had a meeting with the employees to explain this to them and to make them aware 
that it is important to learn of their activities and of the activities of others. They all 
have the feeling improvements can be made and they are all willing to make efforts 
for reaching this. They are really looking forward to carry out the first project review, 
so a start can be made with concrete, structural improvements for futu re projects to 
make their work easier and more pleasant. They also find it very important that all 
employees are completely involved in the project review system to create more 
organizational memory and a more professional way of working. 

The data that are asked in the project review system can be gathered by simply 
counting, by getting the data out of the data entry system or by asking questions to 
people involved. All these data have to be gathered by the study team that is 
performing that particular clinical study. Some data can already be gathered during 
the execution of the study. The pre-clinical data can for instance be calculated when 
this phase is ending. Other data can be gathered at the end of the active phase, like 
for example how many working hours are spent. In the study team one employee 
can be made responsible for gathering all data or all employees can be made 
responsible for the gathering of the data. This has to be decided within the study 
team. The definition of action points after the review has to be done by t he entire 
study team, the follow up of the actions can be done by one or more employees. 
Also this has to be decided within the study team. 

If it is decided which improvement actions should be taken, it has to be defined how 
these actions are performed and with what kind of priority . Doing all things 
immediately is most of the times not possible, because employees still have to do 
other activities for the clinical evaluation study too. By defining the priority the most 
important things are done first. When the actions are defined, the action plan for the 
follow up of these actions has to be developed. In this plan should be specified for 
each action which priority it has, and which resources and tools will be used. Also the 
employee responsible for each action has to be mentioned. This action plan has to be 
developed in accordance with the management, so employees get enough time to 
follow up the action points. It can also be possible that the study team asks other 
employees for assistance for the follow up of particular actions. 
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After each project review the results have to be shared with all other employees of 
t he CRM-CE department. This can be done by for instance listening to presentations, 
by self-study (study knowledge based on written documents), by following training, 
by participating in team meetings, etceteras. It is the intention that the results will 
be discussed at the first departmental meeting (takes place every month) after the 
project review. At this meeting the results will be briefly presented (10 until 15 
minutes) and employees get the chance to ask questions and discuss the results. 
Afterwards the results will be captured at the departmental computer drive so all 
employees can read the results and acquire that knowledge by self-study. If 
additional training for all employees is necessary due to the results of the project 
review, this will be arranged. It always is possible to ask the team members of the 
study for extra information concerning the results of the evaluation . 

The evaluation of studies and the learning from that will also be made visible in the 
performance evaluation of employees. The intention of this is to commit employees 
to really use the system and learn from it. The functioning of employees is reviewed 
using a list of competencies and objectives. When improvement actions are defined, 
the management team will make sure that some of these actions wil l be related to 
the objectives employees have to fulfill . On the other hand it is also possible that 
employees define their objectives in relation to the improvement actions by 
themselves, because this is allowed in the new performance evaluation system. I 
bel ieve this will happen not right away, but it is something that employees will do 
when already some project reviews are carried out. The management w ill discuss 
these objectives during team meetings or during judgment conservation. Employees 
then have an extra motive to follow up these actions properly and on time. 

By carrying out project reviews organizational memory can be build and more 
knowledge can be shared between employees. But it is also possible that other 
problems appear t hat are not at the area of knowledge management. There can for 
instance be problems on the area of project management, relationship management 
or not finding documents. These problems have to be solved too. So the project 
review system must be seen in a larger scope. 
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Chapter 8 Implementation 

In this chapter the actions necessary to implement the project review system in 
practice will be discussed. Short-term, long-term and general actions will be 
discussed. 

8.1 Short term 
The first time the project review system will be used in practice is when t he active 
phase of the Adapta~ study is finished. It is the intention that this will be in the 
summer of 2005. The members of the Study Evaluation Council must have in short
term a meeting with the team members of this study. In this meeting they have to 
inform the team members that the Adapta© study will be the first study that will 
carry out the project review system. When the study team starts with the project 
review, the members of the Study Evaluation Council must accompany them. During 
this project review it will get clear whether all tools are available to make the 
necessary measurements and what measurements have to be adapted. Then the 
proj ect review system can be adapted so other study teams can use the new, up to 
date system. 

Also the clinical study team evaluation has to be conducted . These questions will be 
answered for the first time, so it is possible questions are not clear enough or hard to 
answer. The feedback of the Adapta© study team on this clinical study team 
evaluation has to be processed. 

It would be nice to reward the Adapta© study team a~er they have carried out the 
project review system, by giving them for instance some sweets. For this team it 
takes the most time to carry the project review out, because they have to test the 
system in practice and see if it is workable. They are also the first employees who 
will define improvement points and carry out the first improvements for making the 
work easier and more pleasant. 

All the documents concerning the project review have to be placed at the 
departmental computer drive of the CRM-CE department in the folder of the Clinical 
Evaluation Council. Then every employee has access to the entire project review 
system. It has to be made clear for all employees that only the members of the 
Cl inical Evaluation Council can make adaptations to these documents. 

It is also important that employees of the CRM-CE study team ask regularly all 
people involved in the clinical evaluation study for feedback . This should not only be 
done when the project review is conducted, but also during the clin ical study. 

8.2 Long term 
It is important that every study that is at the end of its active phase will carry out a 
project review. This also accounts for studies that will be performed in a couple of 
years . Only then it will be possible to compare the results of studies and see if there 
have been improvements over the years and to see what can be structurally 
changed. Such an analysis takes place for the first time when the first two studies 
have carried out the project review. Then it also has to be defined within the CRM-CE 
department how the results of the project reviews can be best compared with each 
other, taken into account the special features of each study. This has to be defined 
each time again . 
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In the long term it is possible to share the knowledge concerning the project review 
system with other departments who also want to carry out project reviews. This can 
be done by meetings or giving the project review system of the CRM -CE department 
as a framework to other departments. 

Finally, at this moment all documents concerning the project review will be placed at 
the departmental computer drive of the CRM-CE department. So the documents can 
be found in Microsoft Word© and Microsoft Excel© formats. There is a working group 
looking at a BRC intranet site with a separate site for each department. When this 
intranet site is developed, it is possible to put the project review system on this 
intranet site, so employees only have to complete it. This would be much easier to 
do for them, making it also more pleasant to carry out the project review. 

8.3 General 
The Study Evaluation Council has decided to have a meeting each two months. In 
this meeting the members have to discuss whether there are adaptations necessary 
for the project review system based on feedback of employees. When adaptations 
are made to the project review system, this council should inform all employees. 
Also the results of project reviews that are carried out in the meantime and its 
actions have to be discussed. The council has to make sure all actions are followed 
up in order to make real improvements. By doing this the project review system will 
be a lively document. 

And finally, after each project review that is carried out it is necessary to briefly 
discuss the results with all employees of the CRM-CE department. Also it is necessary 
that all employees know the project review has been carried out and where or by 
whom they can find the results . Only then knowledge will be shared, organizational 
memory will be build and employees will learn from each other and past studies. This 
sharing of knowledge also prevents the re-inventing of wheels. 
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Chapter 9 Conclusions and recommendations 

In this final chapter first conclusions will be drawn concerning this graduation project 
followed by recommendation for the CRM-CE department. 

9.1 Conclusions 
The starting point of this graduation project was: "There is a lack of knowledge 
sharing". This problem lead to the investigation described in this thesis. Based on 
this investigation the following conclusions can be drawn: 
1) It turned out that there is limited organizational memory with as consequence 

limited sharing of organizational knowledge. The reasons for this were among 
others that the same mistakes were made more than once, employees are not 
always involved, employees do not always ask how things should be done they 
do not know, there is a high turnover and there is a feeling the amount of rework 
is too high; 

2) But these bottlenecks have not led to serious performance problems in the past; 
there have been no clear effects on time, quality or costs. And up to now these 
problems have happened from time to time. But these irregularities can 
accumulate to a major problem if all problems happen simultaneous leading to a 
potential performance problem; 

3) When this major problem happens, there will be questions why no one dealt with 
the irregularities of the past. So it will be good to strengthen the organizational 
memory of the CRM-CE department at this moment. It is better to anticipate on 
problems that can happen then to fix them. So creating more organizational 
memory is important for making the CRM-CE department more professional, for 
creating more involvement of employees, more sharing of knowledge and more 
working experience; 

4) A good tool for creating more organizational memory is a project review system, 
because this stimulates organizational learning; 

5) The project review system is developed to make employees more aware of what 
goes well and what goes wrong during the execution of clinical studies. By 
creating more awareness and making the results of the evaluations of all studies 
available for everybody, employees learn also from other studies; 

6) Defining good action points with the right priority at the end of an evaluation and 
executing these actions can make necessary improvements for future studies 
making the work easier and more pleasant. 

Due to this graduation project the management and the employees of the CRM-CE 
department are more aware of the importance of sharing knowledge and creating 
organizational memory. They are more willing to evaluate the studies they have 
conducted because they know they can define real improvements for fut ure projects. 
Employees know the project review takes a lot of time, but they are wi lling to invest 
this time, because they know the work can be done in an easier and more pleasant 
way in the future. 
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9.2 Recommendations 
In this last paragraph I will give some recommendations for the CRM-CE department. 

9.2.1 Responsibility 
Now the project review system is developed, it is necessary to make one or more 
employees responsible for this system by making them an active member of the 
Study Evaluation Council. Right now three employees are participating in this council, 
but it has to be controlled regularly by management if they are stil l actively 
participating. Otherwise there is a project review system on paper that will never be 
used. And that is not the intention of this system. The person that will be responsible 
for the system has to keep an eye on each study whether they use the project 
review system, whether they define improvement actions and whether they really 
carry them out. Only then it can be guaranteed that the system will lead to real 
improvements and more organizational memory . When this employee is leaving BRC 
the management team has to make sure that there will be another employee to 
succeed that employee. 

9.2 .2 Data entry system 
The project review system is developed for clinical evaluation studies that use 
DataFax as data entry system . In a couple of years it is possible the data entry 
system that is used will be replaced by another data entry system . Then the project 
review system has to be adapted. The things you need to know still stay the same, 
but the way it is measured can be changed due to how the data entry system 
captures information. It has to be made sure that when this happens the employee 
who is responsible for the project review system, adapts the system. 

9.2. 3 Learning system 
It should be kept in mind that a project review system is a learning system. It 
cannot be flawless from the beginning . When carrying out project reviews it will get 
clear what parts of the system perform well and what parts have to be changed. It 
can take a couple of reviews before all measurements are clearly defined and all 
relevant information is asked. And in the future there is always a chance that 
changes will be made to the system according to for instance changing environments 
or personnel. So it is good to regularly evaluate the project review system to see if it 
still meets all goals and requirements that it needs to meet. The system should be 
alive. 

9.2.4 Comparing with other studies 
After conducting more project reviews and defining more improvement actions, it is 
possible structural weaknesses will be detected. When this happens it is possible to 
make real innovative improvements, like for instance changing parts of how studies 
should be conducted. So it is necessary to compare the results of the evaluations of 
more studies with each other in the future. When these structural weaknesses will be 
detected it is also possible to communicate these towards the US. 

9.2.5 Social network 
The project review system does not comprehend all learning possibilities . Like 
already mentioned it is also important to share information with each other and to 
bui ld organizational memory. For this it is good that employees have a social 
network too and do not only rely on the project review system. Employees will learn 
a lot from the project review, but sometimes they can also use the existing 
knowledge and expertise of other team members to find a solution for a particular 
problem. It is good to use both in order to get the most optimal learning process. 

60 



Evaluation and learning in order to innovate 

9.2 .6 Other departments 
The project review system is now only developed for the clinical evaluation studies 
that are performed at the CRM-CE department. When other departments want to use 
this system, they have to adapt what they want to know and how to measure it to 
their specific ways of performing clinical studies. They can for instance measure 
other things or follow other regulations. They can use the project rev iew system of 
the CRM-CE department as a framework for their own project review system. 

9.2.7 Intranet site 
At this moment all documents concerning the project review will be placed at the 
departmental computer drive of the CRM-CE department. So the documents can be 
found in Microsoft Word© and Microsoft Excel© formats. When the BRC intranet site is 
developed with separate sites for each department, it is possible to put the project 
review system on t his intranet site . Then employees only have to complete the 
proj ect review system. This would be much easier to do for them, making it also 
more pleasant to ca rry out the project review. 

9.2 .8 Collaboration with the US 
During my graduation project employees mentioned a lot of problems in relation to 
the collaboration with the US. Employees in the US forget often there are also 
employees at the BRC. Examples of these problems are that they do not send 
agenda's for meetings, do not invite employees for hospital visits, and do not ask for 
feedback. These problems were outside the scope of my graduation project and I 
decided not to deal with it . But when carrying out the project review it is nonetheless 
possible to deal with a lot of these problems. If these problems are detected by the 
project review system by for instance the feedback sections, it is possible to define 
actions to communicate this feedback towards the US . This makes these employees 
more aware of the employees at the CRM-CE department. Also it is then possible to 
indicate what should be done in another way and why. So the project review system 
wi ll also improve the cooperation between the US and the CRM-CE department. 
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Appendix 1 Used abbreviations 

BRC 
CRF 
CRM 
CRM - CE 
CRS 
FCM 
FDA 
PC 
SBU 
SOP 
us 

Bakken Research Center BV 
Case Report Form 
Cardiac Rhythm Management 
Cardiac Rhythm Management - Clinical Evaluation 
Clinical Research Specialist 
Field Clinical Monitor 
Food and Drug Administration 
Project Coordinator 
Strategic Business Unit 
Standard Operating Procedures 
United States 
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Appendix 2 BRC organization 

Genera l 
Ma nager 

I 
Assistant I 

I 

Quali ty r-H Human Resource Legal r ~ Reg ulat ory 
Assurance Department 

I r- Therapy Advanced Finance H I Cardiac Surgery De li very R&D -- Concept s 

~ Corona ry Technica l Neurological H Biomaterial Lab I Vascu lar ~- Li terature 
Inst itute 

Ca rdiac Rhythm 
Management 

~ 

I 
I I I 
Cl inical Clinica l Field Clin ical 

Eva luation Research Monitors 
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Appendix 3 Organization chart CRM - CE department 

Clinical Research Director 

Management Assistant Legal Assistant 

Clinical Evaluation 
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Clinical Evaluation 
Management 

Biometry 

Clinical Services 
Supervisor 

l Project 
Coordinators (7) 

Clinical Research 
Manager 

l Clinical Study 
Managers (6) 

Clinical Research 
Manager 

l Clinical Study 
Managers (5) 

Statistics Manager 

t Clinical Database 
Specialist (2) 

Bio Statistician (1) 
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Appendix 4 Knowledge matrix 

The following pages give the knowledge matrix for each of the three knowledge 
processes (generation, sharing and application) . 
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Generation Technical Market/Customer Organization/ Attitude 

Problem 1. No awareness (where to find 1. Hard to get customer 1. No good in working of new 

information) information employees 

2. Less knowledge/insight in de- 2. No frequent customer visits 2. Trainings map is not useable 

vices, technical/medical matters 3. CRS is no conservation 3 . Protocol deviations 

3. Less knowledge of reviewing partner for investigator 4. Information is not asked 

CRF and interpreting data when possible 

4. Possibil ities DataFax are 5. Less overv iew of depart-

unknown ment activities 

6. No individual improvement 

possibilities 

7. No good working guidelines 

8. No structured training program 

Cause 1. No structure where to find infor- 1. Customer information is not 1. Experienced employees have 

mation; people possess a lot of documented; is hard accessible not enough time for accompany-

information 2. Afraid to visit customers; own ing; no t raining program; no clear 

2. Employees with different back- workplace is most safe goals what should be achieved af-

grounds; less emphasis on it during 3. Knowledge concerning devices ter working in; people that leave 

studies; there is paid no attention is defective go away too fast; work too specia-

to if training fits in program; no listic 

time/priori ty to stay up-to-date 2. No one responsible for up-da-

3. Employees are not good enough ting binder 

trained; defective knowledge of 3. FCM's forget to collect patient 

devices data 

4. Training is given by US ; only 4. Employees are afraid to ask 

basic training things; forget to ask information 

5. No structure, there is no up-to-

date project file 

6 . No policy; idea that everybody 

has to be good in everything 

7. No necessity; culture did not 

required it 

8. Training at fixed times; a lot is 

offered , but hard to decide what is 

needed ; expectation of self-study 

Effect 1. Takes long to find things out; 1. Employees visiting customers 1. Finding out for yourself; more 

hard to do work good have wrong or incomplete data; mistakes due to not knowing how 

2 . Fewer publications; relatively a only knowledge of own study to do it ; not fast self-employed; 

lot of safety nets (protocol checked 2. No networking structure; hard deviation from procedures; in-

professional) so no serious effects; to get customer information com plete training 

knowledge training is forgotten; 3. Investigators distrust quality 2 . Training binder is not used; no 

not professional enough for inves- studies overview who need what to know; 

tigator not clear how new employees 

3. Th ings are asked in CRF that are should be worked in 

not relevant; things are overloo- 3. Incomplete data; extra time to 

ked; problems are made; extra collect data 

work; mistakes in database; wrong 4 . No customer information ; em-

forms ployees do no know certain things 

4 . Papers are made by hand; infor- 5. No optimal involvement 

mation is not collected from data- 6. No development of employees 

base 7. No work attitude; no standards 

8. No practical knowledge use 

68 



Evaluation and learning in order t o innovate 

Sharing Technical Market/Customer Organization/ Attitude 
Problem 1. Transfer fo rm processes to tools 1. Customer information is not 1. Collaboration and communication 

is weak shared w ith in teams is not optimal 
2. Knowledge is not effectively 2 . Patients do not get a lot of 2. Contact between FCM and CRS is 
shared information labor ious and also between BRC and 
3 . A study does not end with an us 
eva luation 3. Less overview of project activi t ies 
4. Less informati on concerning 4 . Knowledge other departments is 
stud ies that are execut ed right not used 
now and in t he past 

Cause 1. Experience previous studies is 1. Information is not formal docu- 1. People believe someone else is 
not documented and used for mented; information is ha rd doing it; not everybody want the 
improvements ; no checklist for acti- accessible same; tea ms work different; di f fe-
vities st ud ies ; no formal structure 2 . Employees giving that infor- rend qual it ies of character; everybody 
for sharing know ledge mat ion often have to less know- has different manners; not fu lfill ing 
2. People possess knowledge and is ledge of it requiremen ts/ expectations 
not shared effectively; no priority; 2. No mutual understanding why 
not documented; lack of time; less someone wants or does something in 
communication concerning new a way ; different leading of employees; 
devices lack of t ime; no clea r insight in other 
3. Lack of t ime, always a new study situation; cul t ura l differences 
4 . Only mo nth ly repo rts with less 3. No seniority 
informat ion; no structure for recor- 4 . Meet ing cul ture, less t ime for other 
d ing progress t hings 

Effect 1. Forgot to archive data base ; parts 1. Employees visiting customers 1. By push ing of things are not done, 
of report have to be done over; are not aware of poss ible agree- customers do not get an answer for 
st udies withou t resu lts; studies take ments t hat are made. But custo- example; results of meet ings are not 
longer; audit findings by FDA or mer does see Medtronic, not indi- commun icated with others; people 
interna l; the same mistakes are vidua l CRS, so not profess iona l; do not t he trouble to work with some 
made often; re - invent ing the wheel; insufficient preparation for custo- one they do not rea ll y like; tools are 
orga nization does not get more mer visit; causes irritation with not used 
professiona l; agreements are invest igator; Medtronic does not 2. Takes long before information 
forgotten know what it is doing ar rives; studies take longer then 
2. Hard to gather know ledge; when 2 . Patients do not notice it, but necessary; a lot of frust ration; irrita -
employee leaves knowledge is lost; there occur audit findi ngs t ion concern ing qual ity level; no 
wheel is re - invented over and over ; sharing of knowledge; no cha nge of 
inefficient way of work ing d irect ion ; no feedback concerni ng 
3. The development of a study is not experience knowledge 
eva luated, so no learning moments; 3 . Percept ion of work pressure 
experiences are not shared actively 4. Employees do not go to presen-
4 . No idea of progress, results or t ations other departments; no learn ing 
background other studies of other departments 
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Application Technical Market/Customer Organization/ Attitude 
Problem 1. Tools for executing a study (e.g. 1. Investigators have other expec- 1. Present knowledge is not used 

protocol, AE handling) are not tations of CRM-CE enough 
standardized 2. No clear, uniform publication 2. Procedures are not always 
2. No system to keep and report strategy followed during execution study 
present knowledge 3. Hard to reach goal of study 3.A lot of the same audit find ings 
3. Ready knowledge is insufficient 4. Available training and tools are 
4. Some training (like Datafax) is not used 
only basic and not extended 5. High turnover of employees 
5. New parts are not used or new 6 . Less use of scientific papers 
test are not done 

Cause 1. Regulations change all the time 1. Investigators have other prio- 1. Employees do not bother to ta lk 
so everything has to be adjusted rities, want to be involved early to experienced employees; lack of 
all the time; no policy for it in study and have name on publi- discipline to do something with 
2. No one takes responsibility to cation. CRM-CE has other priorities present knowledge; people believe 
set up and maintain such a 2 . Everybody writes in a different they know and can do everything; 
system; ]-drive is not systematic way publications; no standard no awareness of what US is doing 
3 . Know ledge t raining not used; due to no evaluation what can be and vice versa; different working 
information is bad documented; good; each team believes its methods 
training is not good followed; strategy is the best 2. Lot of procedures; employees do 
training is badly given; employees 3. Physicians or FCMs do not spend not have time to verify if proce-
do not know enough of the matters enough time dures are followed 
4 . Study takes to much time to 3. Procedures not completely 
spend time on it followed; no clear communication 
5. Training not clear; to much of audit findings; procedures are 
possibilities that are not clear for changing all the time; to less know-
everybody ledge at certain areas 

4. Hard to use; not acquainted with; 
takes to much time; no information 
structure; people do not want to 
use it 
5. Less development opportunities; 
there is no attention paid to what 
employees can do 
6 . Libra ry is not kept up-to-date; 
search possibilities too complex 

Effect 1. Wheel is re-invented; always 1. Physicians are less motivated 1. Re- inven ting the wheel; things 
different protoco ls wh ile parts can to participate in studies done years ago have to be done 
be the same; takes extra time; 2. Physicians do not know what again; parts of studies are copied 
things are harder then they should to expect; relation with physician including mistakes; solving mista-
be; people make often mistakes can be damaged kes costs extra time; level organi-
that already have been made 3. Protocol deviations; irritations zation stays the same; US has so-
2. Hard to find certain knowledge; lutions while CRM-CE looks for it; 
no history is build up (concerning a lot of differences between studies 
made mistakes or customers) 2. Audit findings 
3. Employees are not able to use 3. Management Medtronic com-
knowledge actively after a while; pla ins; results study are not accep-
too few publications ted; in worst case no approval to 
4. Easy solutions are not used, execute studies anymore 
because employees do not know 4. No overview of projects; not 
they exist being up to date 
5. Dev ice is not used optimal 5. Low job satisfaction; employees 

leave and take their knowledge 
6. E-library en MyMedtronic are not 
used much; missing knowledge 
others that could be useful 
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Appendix 5 Cause and effect tree diagram 

Experience of 
previous 
studies is not 
captured 

Work is passed 
towards someone else 

Employees have different 
habits and expectations 

Experience of 
previous 
stud ies is not 
used for new 
studies 

Bad translation 
from processes to 
tools 

Expectations concerni ng the way 
the job is done are not fulfilled 

No formal structure for 
sto rin g information 

Information is 
not 
documented 

Studies are not always 
closed with an 
eva luation 

It is hard to 
fi nd 
information 

No structu re for 
capturing progress 

No idea of where to 
f ind which 
information 

Lack of time 

A lot of meetings 

Summaril y 
information 
in monthly 
reports 

Inadequate overview 
concerning project 
activities 

Less commun ication 
concerning new 
devices/therapies 

No senior 
employees with 
specialist knowledge 

Less understanding of 
habits other 
employees 

Cultu re 
differences 

Communication 
between employees 
is not optima l 

Col laboration in study 
teams is not optima l 

No forma l structure for 
sharing knowledge 

No idea of 
knowledge 
other 
departments 
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sharing 
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No evaluation of 
the work done, 
so no learning 
moments 

No archiving of 
databases 

Inefficient 
working 

I 
Audit 
findings 

Knowledge is lost 
when people leave 

Each time the same 
mistakes 

Re-invent the whee l 

Experiences are not 
shared actively 

Hard to get knowledge 

No idea of progress 
results and 
background other 
studies 

Studies without results 

Parts of reports have 
to be written again 

Organization does not 
get professional 

Appointments are 
forgotten or unknown 

Studies with longer 
cycle times 
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Appendix 6 Cause-incident-effect diagrams 

Incident: "The CRS thought that the monitor manager would document the training 
that monitors followed". 

No manual 
how new 
employees 
should be 
worked in 

Not 
everything 
is in SOPS 

SOPS are 
too 
detailed 

Monitor 
manager is 
responsible, 
so CRS has 
not read that 
SOP good 

The monitor 
manager lets 
the CRS do 
the work 

No one told CRS 
during working in 
that training of 
monitors should be 
documented by CRS 

1 
Maybe in SOP, 
but CRS does 
not know 

\ 
Laxity 

Employee has 
not thought 
of it 

clear 
agreements 

The CRS 
thought that the 
monitor 
manager would 
document the 
training that 
monitors 
followed 

i 
Monitor 
manager 
does not 
know when 
he needs to 
do something 

I 
Monitor manager 
does not know 
when something 
changes in study 

CRS should keep 
monitor manager 
up-to-date 

CRS has to find 
out by his own 
how training 
should be 
documented 

CRS had to 
adjust his 
expectat ions 

CRS has to 
document the 
training of 
monitors 

1 
Extra 
time 
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Incident: "The PC does not know what financial disclosures are after participating in 
two studies". 

Employees are 
not aware that 
there is enough 
knowledge and 
information at the 
department 

Some PCs are 
not motivated 
enough to do 
extra things 

Some PCs are not 
involved enough 
to do extra things 

CRS does 
not know 
what it is 

CRS has 
not 
explained 
what it is 

No one told 
it the CRS 

Employees do 
not share 
enough 
information 
with each 
other 

La xity 

If possibility to 
learn extra things, 
PC does not 
always participate 

Only FDA 
studies have 
financial 
disclosures 

First FDA 
study for PC 

The PC does 

are after 
participating 
in two studies 

Not looked 
up in SOPs 

CRS 
not 
where 
find it 

Laxity 

CRS is not 
good enough 
worked in 

Not possible 
to let PC work 
independent 
all the time 

It is necessary to 
find out what 
financial 
disclosures are 
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Incident: "The Case Report Form asks for the sensing threshold of the atria while the 
patient has atria fibr illation". 

No clear goals 
are set 
concern ing 
what you 
want to know 

Employees 
have not 
followed 
training 
concerning 
this topic 

In CRF only 
th ings have 
to be asked 
that are 
relevant 

Employees do 
not have 
enough 
knowledge on 
this topic 

The Case Report 
Form asks for 
the sensing 
threshold of the 
atria while the 
patient has atria 
fibrillation 

Knowledge 
is not used 
for a long 
time 

Employees 
forgot 
information 
from training 

In CRF 
things are 
asked that 
are not 
relevant 

Employees do 
not ask 
colleagues for 
help 

Training 
was not 
clear 
enough 

communicate 
with each other 

La xity 

Investigators 
do not get a 
good 
impression 

CRF cannot be 
completed; 
value means 
nothing 

Patients do 
not get a 
good 
impression 
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Incident: "The PC copies the patient numbers on the forms in a wrong way". 

La xity 

PC does not 
understand 
what she needs 
to do 

PC asks not 
what the 
intention is 

PC does 
not know 
what to do 

No self
thinking by 
routine 
working 

PC does 
something 
without 
checking if it is 
done in the 
r ight way 

PC does not do 
trouble to verify 
if the forms and 
the numbers fit 
together 

PC works 
automatic 

The PC copies 
the patient 
numbers on 
the forms in a 
wrong way 

Not possible 
to let PC work 
independent 
all the time 

CRS has to 
make list 
what exactly 
has to be 
done 

All the 
work 
has to 
be 
done 
over 

CRS is 
afraid to 
ask PC to 
do 
someth ing 

CRS does 
the work 
by himself 
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Incident: "The PC asks assistance concerning a clinical application, 10 minutes later 
the PC opposite asks the same". 

Employees 
work for 
t hemselves 

Employees 
pay only 
attention to 
their own 
objectives 

The sphere 
at the 
department 
is not 
optimal 

Personality of 
employees 

PCs do not 
talk together 
concerning 
clinical 
applications 

Not enough 
faith in 
each other 

Afraid that 
other 
employees 
find out 
some one 
does not 
know 
something 

The PC asks 
assistance 
concerning a 
clinical 
application, 10 
minutes later 
the PC opposite 
asks the same 

PCs go for 
help to 
supporting 
em ployees, 
not to 
direct 
colleagues 

There are 
specialists, 
so it is easy 
to go there 

Specialist 
needs to 
explain twice 
the same in 
ten minutes 

Employees 
communicate 
not enough with 
each other and 
that is strange 

Infl uences the 
sphere of the 
department 

Takes 
extra 
time 
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Incident: "The supporting employees do not have a good overview of all the studies 
that are executed at that moment". 

Everybody 
is working 
on its own 
study 

Laxity 

Supporting 
employees 
are not taken 
into account 

Supporting 
employees do 
not work pro
active 

Supporting 
employees 
do not ask 
information 
concerning 
studies 

No 
communication 
about start 
study 

No 
communicat ion 
about 
milestones 
study 

The supporting 
employees do not 
have a good 
overview of all the 
studies that are 
executed at that 
moment 

Hard to plan 
t ime for 
activ ities new 
study 

Hard to 
participate 
on 
expected 
work 
pressure 

Hard to 
estimate 
bottlenecks 
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Incident: "An employee asks TrialXS support at an extern company instead at the in 
house specialist". 

Management 
never told it 

No good 
communication 

Employees 
communicate 
less with each 
other 

Arrogance 
employees 

Not everybody 
knows TrialXS is 
bought by CRM-CE 

No appreciation 
of internal 
employees 

Employees do not 
know internal 
employees are 
special ists 

Not everybody 
knows TrialXS is 
administered 
within CRM-CE 

More faith in 
external 
employees 

An employee asks 
TrialXS support at 
an external 
company instead at 
the in-house 
specialist 

No use of 
present 
knowledge 

External 
support 
costs extra 
money 
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Appendix 7 Completion instruction project review 

Dear employee of the CRM -CE department, 

We would like to invite you to carry out the project review for the clinical evaluation 
study you have performed. This project review has only to be carried out for the 
active phase of your study. 

In this document we will explain to you the purpose of the project review system and 
how the project review system should be completed. 

Purpose 
This project review system is not a tool to keep control. It is a tool to reflect on how 
the clinical evaluation study is performed by your team and to reflect on what can be 
done in an easier or better way for future projects. The project review system is 
needed to define improvement points. These will be discussed with all employees of 
the CRM-CE department in order to perform the clinical evaluation studies as good 
and pleasant as possible. 

Only together we can improve! 

The project review system consists of an Evaluation List for a Pre-market Clinical 
Evaluation Study and an Evaluation Report . 

Evaluation List for a Pre-market Clinical Evaluation Study 
The Evaluation List for a Pre-market Clinical Evaluation Study consists of 9 elements, 
namely a short description, resources, pre-clinical phase, clinical phase, monitoring, 
feedback, interpretation, conclusion and actions. For each element it is mentioned 
what we want to know and how to measure that. For each measurement (when 
applicable) is defined how it needs to be measured, otherwise just a number or text 
can be entered. In the last column it is possible to note the responsible employee for 
acquiring each measurement. 

Evaluation Report 
All aspects of the Evaluation List for a Pre-market Clinical Evaluation Study are 
related to sections of the Evaluation Report. Everything between "[]" has to be 
completed . This leads to a standard evaluation report that is the same for all studies. 

Finally 
This evaluation system is a learning system, so adjustments can be necessary. If you 
come across discrepancies in one of the documents of the project review system or if 
you have suggestions, please contact the Study Evaluation Council. 

Thanks for helping to create more organizational memory and to improve 
the processes we use to perform our studies! 
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Appendix 8 Project review list 

~ 
Medtronic 

Content 

Short description 
Resources 
Pre-clinical phase 
Clinical phase 
Monitoring 
Feedback 
Interpretation 
Conclusion 
Actions 

Evaluation List for a Pre
market Clinical Evaluation 

Study 
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Need to know How to measure? Responsible 

Short descriotion Name of clinical evaluation studv 
Puroose of the studv I}"",....,.._ -1 
Start date of clinical evaluation study Date of first infolanI '-' I 

End date of clinical evaluation study Date of siqn off Medtronic BRC clinical reoort 
Features of clinical evaluation study Show for instance, but not limited to : high priority or not, total number of patients 

needed follow-uo schedule kind of studv number of orotocol versions 
Resources CRS 

1. Number of CRS working on study 
durinq ore-clinical ohase 

2. Number of CRS working on study 
durinq clinical phase 

3. CRS working hours Total number of hours all CRS participating in study spent on study based on ET user 

PC 
1. Number of PC working on study 

durinq pre-clinical phase 
2. Number of PC working on study 

during clinical phase 
3. PC working hours Total number of hours all CSA participating in study spent on study based on ET user 

-=.: I>,,. ........ 
Biometry orouo I II - -· - .. I 

1. Number of employees biometry r ~ ~ll , 
~ / lqroup involved durinq pre-clinical phase ' 2. Number of employees biometry group ~w ....,., ...:=::I 

involved durino clinical ohase 
3. Biometry group working hours Total number of hours all biometry group employees spent on study based on ET user 

Other 
1. Have employees from here been 

working in the US on the study, how 
many, what kind of functions and for 
how lonq? 

2. Have employees from the us been 
working here on the study, how many, 
what kind of func tion and for how long? 

3. Total number of BRC team hours Total number of hours all BRC employees spent on study based on ET user 
s□ent on studv 

Pre clinica l phase Cycle time clinical investigational plan Start date developing first draft clinical investigational plan until sign off final 
investiaational olan 

Cycle time development case report Start date developing first draft case report form until sign off final case report form 
forms 
Cycle time investigator's brochure Start date developing first draft investigator's brochure until sign off final 

investiaator's brochure 
Cycle time center selection orocess Date sendinq out nomination request until date receivinq center selection confirmation 
Center readiness 

1. Cycle time investigator agreement Date investigator agreement dist ributed to the field until date signed investigator 
aqreement received at BRC 

2. Number of deviant investigator r Nu:£,ber of deviant investigator agree_111e, divided by the total number of 
aareements in % inv s tia"atar. aaf.eeineh ts~ 

3. Cycle time MEC aoorov al r Date MEC:binder sent outJJntil date sianed\MEC aooroval received at BRC 
4. Cycle time CA approval I Date MEC,binder.sent oOLunt,il date CA__approval received at BRC 
5. Cycle time financial disclosures Date financial disclosures aistributed to- the field until date signed financial disclosures 

received at BRC 
6. Cvcle time center readiness Date MEC binder distributed to the field until all required documents for cen ter 
7. Number of selected centers 
8. Total number of active centers 
9. Total number of active centers at 

first imolant 
10. Number of enrollina centers 

Cycle time database build Date CRF siqn off until date database is siqned of or date first enrollment 
Cycle time developing data base Date DBMS requirements document is signed off until DBMS validation report is signed 
manaaement svstem off 
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Clinical phase Imf)!ants 
1. Enrollment rate Averaqe number of implants/enrollments per week 
2. Enrollment cycle time Enrollment window period in which sample size is reached 

Cvcle time follow-ups Start date first implant until last date follow-up for primary objectives 
Data handlinq 

1. CRF arrival time Event date until CRF arrival at BRC 
2, Save-to-disk arrival time Event date until save-to-disk arrival at BRC 
3. Initial compliance in 96 Number of initial compliant divided by the total number of CRFs 
4. Final compliance in 96 Number of CRFs final compliant divided by the total number of CRFs 
5. Arrival in BRC until form clean at Number of days between arrival in BRC and data clean at level 3 

level 3 
6. Arrival in BRC until level 1 data entN Number of davs between arrival in BRC an~ data clean at level 1 
7. Level 1 until level 2 data entry I Numbe~•of-days bet'l'l ee!J data clean at/ievel 1 and data clean at level 2 
8. Level 2 until level 3 data entrv I:-, Numb'er oLdavs"bet'l'I een_datai clean~( level 2 and data clean at level 3 

Studv deviations J ,--11' J '( - ~;, 
1. Total number of study deviationsJ Total 'n'urntier ofcstt / Mvla'tions divided by the total number of patient visits 

I per patient visits ( expected andibnex ected) 
2. Summarize study deviations in Define key terms to group the study deviations and calculate the frequencies per 

1qroups qroup 
QC resolution 

1. Total number of QCs 
2. Number of QCs per plate 
3. Number of MQCs per plate 
4. Number of QCs per center 
5. Summarize QCs in qroups Define key terms to qroup the QCs and calculate the frequencies per qroup 
6. QCs per CRF section Total number of QCs per CRF section 
7. QC cycle time Date between QC sent and QC resolved 

Cvcle time statistical analvsis Date between database closure until date of siqn off Medtronic BRC clinical reoort 
Monitorina Monitored CRFs in 96 Number of monitored CRFs divided by the total number of CRFs in the database 

Monitoring QCs per patient months Number of MQ~s and nt~mber of MA!Fs divided bv the number of patient months 
Number of monitorina visits r'.:l•]e ') 
Number of monitored plates per total Number of monitored plates divided by the total number of monitoring visits 
number of monitorina visits 

83 



Evaluation and learn ing in order to innovate 

Feedback FCM 
1. What can be maintained for future 

oroiects? 
2, What can be improved for future 

projects? 
3, What unexpected issues/barriers did 

the proiect encounter? 
4, What would have prevented these 

unexpected issues/barriers from 
occurrinq? 

5, Other feedback? 
United States study team 

1. What can be improved concerning 
the communica tion for fu ture oroiects? -

2. What can be improved concerning Jao e 6 the co-operation between the US stuay_ 
team and the CRM-CE study team foil 
future projects? 1 

3. Other feedback? -- - J -"'-
BRC study team -

1. What can be maintained for future 
IPr□ iects? 

2. What can be improved for future 
loroiects? 

3. What unexpected issues/barriers did 
the project encounter? 

4, What would have prevented these 
unexpected barriers/barriers from 
occurrinq? 

5, Other feedback? 
Other 
Feedback heard during the execution of 
a clinical evaluation studv 

Interpretation Short interpretation of the collected . 
data 

Conclusion Conclusion ., 
Actions 1. Define a maximum of 3 action points 

for future studies that are SMART 
r·, · .. , - ,--. 

2. De fine an action plan for the actions I ,l ·'"' ~ -
and assign a responsible person to it in 
order to follow them up 
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Appendix 9 Project review standard report 

In the following the standard report for the project review will be given. 
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Medtronic 
\1'1:re11 Lije Depends Oil Medical Ttxhnofogy 

Evaluation of 
[name study] 

- Confidential -

[Place] 
[Date in the form of dd-month-yyyy] 
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1 Short description 

1.1 Introduction 
I n this paper the evaluation is given of the [name study]. The purpose of this study 
was to [complete]. This study started with the first implant on [date]. The end date 
of this study was when the Medtronic BRC clinical report was signed off and this was 
on [date]. 

1.2 Features 
[Explain special features of study. Show for instance, but not limited to: high priority 
or not, total number of patients needed, follow-up schedule, kind of study, number 
of protocol versions.] 
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2 Resources 

2.1 Number of employees working on study 
During the pre-clinical phase [number] Clinical Research Specialists, [number] 
Project Coordinators and [number] of employees of the biometry group worked on 
the study. During the clinical phase [number] Clinical Research Specialists, [number] 
Project Coordinators and [number] of employees of the biometry group worked on 
the study. 

2.2 Total hours spent on study 
The Clinical Research Specialists spent [number] hours on the study during the pre
clinical phase and [number] hours during the clinical phase. The Project Coordinators 
spent [number] hours on the study during the pre-clinical phase and [number] hours 
during the clinical phase. The employees of the biometry group spent [number] 
hours on the study during the pre-clinical phase and [number] hours during the 
clinical phase. In total the BRC team spent [number] hours on this study. 

2.3 Other employees 
[Number] employees from BRC have been working in the US on this study for 
[number] weeks. The job functions of these employees are [complete]. The work 
they did in the US was [complete]. [Number] employees from the US have been 
working here on this study for [number] weeks. The job functions of these 
employees are [complete]. The work they did here was [complete]. 
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3 Pre clinical phase 

3.1 Cycle times 
The cycle time for t he clinical investigational plan is [complete]. 
The cycle time for t he development of the case report forms is [complete]. 
The cycle time for t he investigator's brochure is [complete]. 
The cycle time for t he center selection process is [complete]. 

3.2 Center readiness 
In Table 1 the cycle time for the investigator agreement, the MEC approval, the CA 
approval and the financial disclosures are given. Also the number of selected centers 
and the total number of active centers are given. 

Table 1 Center readiness 

[name of study] 
[number] centers selected/ [number] active 

Investigator MEC CA 
Investigator Agreement Approval Approval 
rN ame ohvsician] [Cycle timel [Cycle time] [Cycle t ime] 
f Name physician l rcvcle timel rcvcle timel rcvcle timel 
fName physician] [Cycle time] [Cycle time] [Cycle time] 
f Name physician l rcvcle timel fCvcle timel rcvcle timel 
[Name physician] [Cycle time] [Cycle time] [Cycle time] 
[Name physician] [Cycle time] [Cycle time] [Cycle time] 
Mean 
Average per Center 
Average per Core Centers 
Average per Non Core Centers 

Core-Center 

There were [number] % deviant investigator agreements during this study. 
The cycle time for the center readiness is [complete]. 
There were [number] active centers at the first implant. 
And there were [number] enrolling centers. 

3.3 Other measurements 
The cycle time for building the database is [complete]. 

Financial 
Disclosure 
[Cycle timel 
rcvcle time] 
[Cycle timel 
rcvcle timel 
[Cycle timel 
[Cycle time] 

The cycle time for developing the data base management system is [complete]. 
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4 Clinical phase 

4.1 Implants 
The enrollment rate for this study is [complete]. 
The enrollment cycle time is [complete]. 
The cycle time for the follow-ups is [complete]. 

4.2 Data handling 
In Tab le 2 the Case Report Form arrival time, the Save-to-disk arrival time and the 
initial compliance in % are given . 

Table 2 Data handlin 

Investigator CRF arrival - STD arrival - Initial Final 
active phase active phase compliance compliance 

0/o 0/o 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 

In Table 3 the data entry for each level will be given . 

Table 3 Data entr 
Investigator Arrival BRC - Arrival BRC - Arrival BRC - Arrival BRC -

form clean at level 1 data level 2 data level 3 data 
level 3 entr entr entr 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
Number Number Number Number 
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4.3 Study deviations 
There were [number] study deviations per patient visits. In Figure 1 (this fi gure is an 
example) the study deviations per key term are given. 

Figure 1 Study deviations 

4.4 Quality Control notes resolution 

■ tJ£ 1e pc,riln!] 

■ Da21 l=-l i11 9 in ::-cn =-1 - ,::i b_r-,:. fr; n..•fat~ 
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Dcrnc F,r c.g- 11m11rr:1 - ol:1= •r.~ ~ late d 

D lm:lu5ioll xcle1cn -: nle.t"~ 

D lnk..-rned co rm en 

■ Slud , p nx'edme - a l n1pla111 
Lmulhori = tl ph_~d:, 11 perlrKning 1.dy prr=•:,e,:lure !'> 

■ '•iici l rn . ~eel 

D Vi.i.i t wn-Jo,,,• m 

In Table 4 the number of QCs, the number of QCs per plate, the MQCs per plate and 
the number of QCs per center are given. 

Table 4 QCs 

[Name study] 
Tot al number of OCs rNumber l 
Total number of plates rNumberl 
Number of QCs per plate rNumberl 
Total number of MQCs rNumberl 
Number of MOCs per plate [Number] 
Number of OCs per center rNumberl 
QC cycle time rNumberl 
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In Figure 2 (this figure is an example) the QCs are summarized per Case Report 
Form sect ion. These sections are [complete]. 

Types d QCs [name study] 

250,------"J'~ --;::======================-.---------i -
7 

80.0 
Total nurmer of QCs = [nurmer] I ~ i--+ 76.2 

· 169. I 70.0 

1---------- ==~-.At s.s f--'----'-------1 200,+---____, 

162 ...J~ I 60.Q 

150+------I 

Number 

1 :l_ {'"LJ 
1---oi.-, 49.3f------ ------------1· so.a 

of QCsl00-+------1 
94 

84 

47 46 

%of 
. 40.0 total 

. 30.0 

20.0 

10.0 

0 U--'-----'--'---''-----!---'-..__+-.,__...._4-_.._-..-...-_.___, _ ___._ ..___...._....._-+ 0.0 
i ' 
L _ _ _ J Medica- Adrrinistra- 51D/ Sign off 

tion form tive section printouts section 
AE Device and AV Delegated 
form lead data conduction task list 

test 

□# QCs [Name study] ~ % of total (cumulative) 

Figure 2 Types of QCs 

4.5 Statistical analysis 
The cycle time for the statistical analysis is [complete]. 
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5 Monitoring 

Dur ing this study there were [number] monitoring visits. There are [number] percent 
Case Report Forms and [number] QCs per patient month monitored during this 
study. Finally [number] plates per total number of monitoring visits were monitored. 
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6 Feedback 

6.1 FCM 
When asking the Field Clinical Monitors what can be maintained for future projects 
they answered [complete] . 

When asking them what can be improved for future projects they answered 
[complete]. 

When asking them what unexpected issues/barriers did the project encounter they 
answered [complete]. 

When asking them what would have prevented these unexpected issues/barr iers 
from occurring they answered [complete]. 

Other feedback the Field Clinical Monitors gave was [complete]. 

6.2 United States study team 
When asking the United States study team what can be improved concerning the 
communication for future projects they answered [complete]. 

When asking them what can be improved concerning the co-operation between the 
US study team and the CRM-CE study team for future projects they answered 
[complete] . 

Other feedback the United Stated study team gave was [complete]. 

6.3 BRC study team 
When asking the BRC study team what can be maintained for future projects they 
answered [complete] . 

When asking them what can be improved for future projects they answered 
[complete]. 

When asking them what unexpected issues/barriers did the project encounter they 
answered [ complete]. 

When asking them what would have prevented these unexpected issues/barriers 
from occurring they answered [complete]. 

Other feedback the BRC study team gave was [complete]. 

6.4 Other feedback 
Other feedback that was heard during the execution of the study was [complete]. 
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7 Interpretation 

[G ive a short interpretation of the collected data]. 

96 



Evaluation and learning in order to innovate 

8 Conclusion 

[Draw a conclusion). 
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9 Actions 

9.1 Action points 
[Give a maximum of three action points for future studies that are SMART]. 

9.2 Action plan 
[Give the action plan for the actions and assign also a responsible person to it in 
order to follow them up]. 
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Appendix 10 Clinical study team evaluation 

The fo llowing questions need to be answered by the CRM -CE clinical evaluation study 
team after the active phase of each study. The intention of this evaluation is to get 
an idea which information and knowledge is missing and is needed to construct more 
organizational memory. 

1) Did you have enough experience to perform the clinical evaluation study 
without mistakes? 

a. On what areas did you miss experience? 
b. What did you do to acquire this experience? 

2) Did your team members have enough experience to perform the clinica l 
evaluation st udy without mistakes? 

a. On what subjects did they miss experience? 
b. What did they do to acquire this experience? 

3) Did you have all necessary information you needed to perform the clinica l 
evaluation st udy without mistakes? 

a. Which information did you miss? 
b. How did you acquire this information? 
c. What did you do with this new information? 

4) Did you have all necessary knowledge you needed to perform the clinica l 
evaluation st udy without mistakes? 

a. Which knowledge did you miss? 
b. How did you acquire this knowledge? 
c. What did you do with this new knowledge? 

5) Was there rework during the execution of the clinical evaluation study? 
a. When was there rework? 
b. What kind of rework occurred? 
c. How much time would have been saved if there had been no rework? 

6) Did you use information gathered by other clinical evaluation study teams? 
a. Which information did you use7 
b. How did you use this information? 

7) Wh ich improvements are still necessary? 
8) Do you have other relevant feedback? 
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