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Abstract 

This thesis describes issues in the field of knowledge sharing between Philips Medical Systems 
groups. The combination of information from the respondents of several Philips Medical Systems 
groups and knowledge sharing literature resulted in a thorough investigation of the current situation. 
Improvement proposals are done to deal with bottlenecks that occur on a project level. 
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Preface 

You are reading the first page of my final thesis, which discusses the topic: 'Knowledge Sharing 

between Philips Medical Systems Groups' . This thesis is the final report of my study Industrial 
Engineering and Management Science at the Technical University in Eindhoven (TU/e). After the 

final thesis project a student should be able to solve business problems independently and on a 
scientific well-found basis. The results of the project should be supported by both scientific and 
empirical findings. 

As the title of this thesis suggests, knowledge sharing between different Philips Medical Systems 
groups is the main focus in this research. Knowledge sharing, as part of knowledge management, is 
a fast-moving field that is still in its early stages of evolution. In a company that operates in a 

dynamical evolving market, the opportunities of knowledge sharing should be thoroughly 
considered. Groups that share knowledge, prevent themselves from doing double work. With this 
thought as a guideline, the company coaches suggested this research within Philips Medical 
Systems. 

The project has been conducted within the Corporate Technology Office of Philips Medical Systems 
in Best. Philips Medical Systems, as part of Philips Electronics N. V, develops for instance Medical 
Diagnostic Imaging equipment. For me this project was the first experience in a multinational 
high- tech oriented company. I think it was really interesting to speak with a lot of employees about 
their experiences in the field of knowledge sharing. The functions of the respondents ranged from 
software engineers to the director of the Philips Software Center in Bangalore, India, what made it 
even more interesting. 

My colleagues at the Corporate Technology Office challenged me to use my theoretical insights to 
create a more practical approach for improving knowledge sharing between Philips Medical 
Systems groups. Therefore, I would like to thank the members of the Corporate Technology Office 
for this opportunity. Especially I would like to thank Stef Zaicsek and Franklin Schuling for their 
support during my project, inspiring comments and the enjoyable way in which we have worked 
together. They even gave me the opportunity to get in touch with different cultures; my visit to the 
Philips Software Center in Bangalore was a great experience. 

Secondly, I would like to thank my supervisors from the university. I would like to thank Hans van 
der Bij for all his support, inspiring comments and the pleasant, fruitful meetings. I would also like 
to thank Jimme Keizer for his insightful comments. 

Finally I would like to thank my parents, Floortje, Riaan and all my friends from Eindhoven en 
Zeeland for their everlasting support, love and friendship during my study period in Eindhoven. 

Carla Bosch 

December 2004 
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Executive Summary 

This master project is performed for the Corporate Technology Office (CTO) of PMS. The key role 
of the CTO-office is to provide the technical vision and guidance for all the PMS groups. 

Philips Medical Systems' (PMS) goal is to reach a technology and innovation leadership in the 

high-tech healthcare systems market. In order to operate in a market that requires rapid 
development, effective and efficient software development is required. 

The project started with the problem definition defined by the company coaches from the PMS 
CTO-office: Philips Medical Systems has a large number of locations where software development 
is being done. This development is executed in many different ways. Not a lot of sharing of 

experience and knowledge on the actual practice of software development seem to take place. 

In the orientation phase focus was on the aspects of 'cooperation between PMS groups on site level 

(e.g. Best)'. Interviews with several employees from the different groups were conducted in order to 
identify the current situation of cooperation between these groups. The problem discovered is: PMS 

groups do not share error and success knowledge about their software development process and 

product technology. After analyzing the causes and effects to this problem, the problem could be 
linked to the issue of knowledge sharing on an operational level; therefore the following assignment 

was formulated: 

"Analyze the current situation with regard to knowledge sharing in the area 
of software development between PMS and the Philips software centre 

in Bangalore, India (Philips Innovation Campus, PIC). 
Identify problems, causes and effects considering knowledge sharing. 

Propose improvements to solve the effects" 

In order to tackle the bottlenecks on an operational level in the diagnostic phase attention was paid 
to the 'cooperation on a project level'. After empirical and theoretical validation of the information 
gathered, the conclusion was: in the current situation there is a lack of sharing of component and 
system requirements between PMS and PIC, which severely hampers the building and integration of 

components. 

This problem is caused by: 
A lack of communication on system level in the requirements phase between different 
interacting component groups. This makes bridging the system knowledge gap of PIC much 
more difficult; 
Difference in knowledge levels; 
Both parties have different expectations about the required level of detail of the requirements; 
No face-to-face contact during the design and the implementation phase. 

The main effect in this situation is the occurrence of implicit requirements, which leads to extra 
work or rework for both parties at a later stage in the project, and therefore to integration and project 
delays. 

This thesis suggests that PMS and PIC must address both short-term and long-term improvement 

proposals. First, short-term examples are: 'form discussion groups with and between interacting 

component groups ' in order to improve PIC's level of system knowledge and their understanding of 

III 
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how their components should function in the overall system. Per PMS business unit a system 
architect has to be made responsible to decide upon the formation of such a group. A second 
proposal is: 'send a system expert of PMS to India as an advisor' to temporarily bridge the 
knowledge gap between PIC and the PMS system groups and to strengthen the cooperation. Third, 
several long-term proposals have been formulated, like: 'improve the transfer of system knowledge 
by means of job rotation and use of the dual ladder'. For this job rotation proposal and also the 
proposal concerning sending an PMS expert to India, R&D management of the BUs has to be made 
responsible as well as the HR department of both PMS and PIC. Finally, 'increase the evaluation 
attitude of both parties' to increase the learning from past experience. The steering committee 
should be made responsible for pointing out the necessity of intensive evaluation sessions to the 
BUs and PIC. 

IV 
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Chapter 1 Introduction 

The thesis starts with the company description of Philips Medical Systems in Chapter 2. In order to 

identify and define the problem, exploratory interviews are conducted within the different groups of 
PMS. The results are discussed in Chapter 3, the orientation phase. In Chapter 4, the theoretical 
background can be found that will be used in the diagnostic phase to support the findings in a 

scientific way. In Chapter 5, the in-depth investigation during the diagnostic phase is described. In 
Chapter 6, the improvement proposals are presented. This thesis ends with conclusions and 

recommendations in Chapter 7 and a short reflection in Chapter 8. 
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Chapter 2 Company Description 

2.1 

2.2 

In this chapter a description of Philips Medical Systems is given, the different business units are 

discussed. Especially significant for my master project is the Corporate Technology Office; its 

operations are highlighted.' First short attention is paid to Royal Philips Electronics and its product 

divisions. 2 

Royal Philips Electronics 

Royal Philips Electronics of the Netherlands is one of the world's biggest electronics companies and 

Europe's largest, with sales of € 29 billion in 2003. It is a global market leader in color television 

sets, lighting, electric shavers, medical diagnostic imaging and patient monitoring, and one-chip TV 

products. Its 164,500 employees in more than 60 countries are active in the areas of lighting, 

consumer electronics, domestic appliances, semiconductors, and medical systems. My project is 

executed within the product division Medical Systems. 

Philips Medical Systems 

With a product portfolio of more than 450 products sold worldwide, PMS belongs to the top 3 of the 
world in diagnostic imaging, patient monitoring, clinical IT and related services together with 

General Electrics and Siemens. Its mission is to become the world's premier healthcare systems 

company in all served markets, reaching a technology/innovation leadership and be collaborative 

enduring customer relationships. 

PMS 's headquarters are in Andover, USA and Best, the Netherlands. It has development and 

manufacturing sites in the Netherlands, Germany, Finland, Israel, and the USA. Especially with 

respect to my master project the software development groups, which are dispersed over 7 countries 
and 18 cities, are worth mentioning: USA ( l 0), Germany (2), the Netherlands (2), India (I), Finland 

(l ), Israel (I) and China (I). 

There are three sales and service regions (SSR), namely Asia Pacific (ASPAC), North America 
(NA) and Europe, Middle East and Africa (EMEA). 

With operations in 63 countries the company offers an extensive, innovative portfolio of medical 

systems. The goal of each product is faster and more accurate diagnosis and treatment. The product 

line includes X-Ray, Ultrasound, Magnetic Resonance, Computed Tomography, Nuclear Medicine 

and Positron Emission Tomography, Patient Monitoring, Information Management and Cardiac 

Resuscitation products, as well as an extensive range of services that include asset management, 

training and education, business consultancy, finance , leasing and e-care business services. An 

organization graph is presented in Appendix I. 

To give an indication in figures, PMS now has estimated annual sales of Euro 6.5 billion and 

employs approximately 22,000 people. The company is committed to providing innovative 

technology and services that enable healthcare providers to achieve clinical excellence without 

compromise. Philips achieves this by leading the development of technologies and services that 

1 www.medical.philips.com 
2 www.philips.com 

2 
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improve the quality and cost-effectiveness of medical diagnosis and treatment. Figure 1 shows the 

sales breakdown of 2003. 

Asia 
12% 

Americas 
57% 

Clinical 
IT 

Figure / : Sales breakdown 2003 (Presentation PMS February 2004) 

2.2.1 History of PMS 

Imaging 
47% 

In 1896 PMS manufactured the first X-Ray tubes. During the 60 years that followed PMS focused 

on improving the X-Ray systems and from 1960 interest in other medical system areas began to 

raise. The current status of PMS is based on continuous acquisitions performed by PMS 

management (Figure 2). Notable are the different locations of the acquired companies. With the 

headquarters located in Best (the Netherlands) and Andover (USA), the PMS network is globally 

spread. Regarding the subject of this project the history of PMS has to be kept in mind, while past 

decisions reflect current issues. 

I PMS I 
I 

I I I I 

ADAC Agllent's Healthcare Solutions Group ATL Marconi Medical Systems 
Nudear Medicine Computing & Imaging, Ultrasound Multlsllce CT, MRI, 

Since 2000 Measurement & Components Since 1998 Nudear Gamma earners 
E.g. Milpitas (CA) Since 2001 E.g. Andover E.g. Bothell, Andover Since 2001 E.g. Oeveland 

Figure 2: PMS Acquisitions 

2.2.2 PMS Business Units 

To give an indication of PMS's portfolio, the different Business Units (BUs) are shortly discussed 

(for the organizational graph of PMS see Appendix l). The BUs are part of several Business Groups 

(BGs), namely Cardiac and Monitoring Systems, Digital Imaging Systems, Medical IT and 

Ultrasound. 

Cardiac and Monitoring Systems 
Cardiac and Monitoring Systems (CMS) operate m the area of patient-monitoring systems and 

cardiology equipment; including automatic external defibrillators, as well as related professional 

services, supplies and support. The group's products and systems enable medical professionals to 

provide better care and to gather and analyze data from hospital intensive-care units, outpatient 

clinics, doctors ' offices and patients' homes. 

3 
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Digital Imaging Systems 

Digital Imaging Systems (DIS) consists of the following BUs: 

General X-Ray 

The BU General X-Ray (GXR) is active in the design, manufacturing and supply of 

X-ray systems for radiography, fluoroscopy, and specialized fields as e.g. surgery, 

urology, lithotripsy, and mammography. GXR has shown real innovation in the 

specialized area of surgical X-Ray when it invented the mobile C-arm for intra

operative imaging. 

Cardiovascular X-ray 

TU/e 

Cardiovascular X-Ray (CV) is responsible for the development of cardiac and vascular imaging 

systems for diagnostics and intervention. The latest product from CV X-Ray is an interventional X

Ray system based on 3D reconstructions. 

Components 

Components consist of Common Imaging Systems (CIS) and Generators. CIS and Generators 
develop, produce and deliver high quality components and subsystems for medical image 

processing systems and are responsible for service delivery. Their customers are CV, GXR and 

some external firms. 

Magnetic Resonance Imaging 

PMS is changing the way the world looks at magnetic resonance (MR) in radiology, 

cardiology and interventional applications by improving speed, creating higher 

quality images and expanding the breadth of applications. 

Computed Tomography 

Through the acquisition of Marconi Medical Systems, PMS has to accelerate the realization of its 

plans to take Computed Tomography (CT) into a world of tme volumetric scanning. This evolution 

of multi-slice CT will increase the potential of CT in the area of early screening for cancer and heart 

disease significantly. 

Nuclear Medicine 

Thanks to the acquisition of ADAC Laboratories PMS was able to enlarge their portfolio. The 

company's nuclear medicine (NM) product portfolio includes leading-edge single-, dual- and triple

head gamma cameras. NM provides both diagnostic and therapeutic procedures. The fundamental 

principle underlying NM procedures is the use of agents, which localize in specific organs or tissue 

on the basis of their biochemical or physiological properties. NM images are obtained using a NM 

camera, which creates an image of the distribution of the radioactive pharmaceutical in the organ of 

interest. 

Medical IT 

PMS offers a wide range of products and professional services providing customer tailored image 

and information management solutions for the Cardiology as well as the Radiology environment. 

Medical IT (MIT) contributes to PMS through a complete and competitive MIT Solutions portfolio. 

Examples of solutions are: components, products and service. 

4 
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Ultrasound 
PMS has entered the market of medical ultrasound (U/S) following the acquisition of two 

companies: 

A TL Ultrasound, already acknowledged for over a decade as being at the forefront in all digital 

ultrasound, was acquired in 1998. It offers a broad product range comprising both high 

definition and compact systems; 

The Healthcare Solutions Group of Agilent Technologies, which was acquired in 2001. The 

'EnConcert' system is an integrated, digital solution for acquisition, review, measurement, 

reporting and archiving of echocardiography images and data. 

Next to these Business Groups there is also a PMS service group for customers and a new program 

is running for the selling of refurbished equipment. 

Customer Services 

Through its commitment to open-ended and upgradeable systems, Philips ensures customers get the 

most from their investments. There's a back-up service to suit all requirements. While on-site 

training in specially designed teaching facilities is provided for physicians and technologists, 

support agreements are tailored to customers' needs. Flexible programs help reduce unplanned 

downtime and lower service costs. 

Refurbished Equipment 
Philips new Diamond Select Program offers refurbished medical imaging equipment. The recently 

launched Diamond Select program offers affordable refurbished equipment to customers. This is 

extremely valuable in socket retention programs, and allows Philips to be even more competitive in 

new equipment sales. 

2.2.3 Corporate Technology Office 

As can be seen in Appendix II, the Corporate Technology Office (CTO) is a part of the Corporate 

Staff of PMS. The responsibilities of the CTO-office include: 

Monitoring new technologies and assessing their potential to become new products or services; 

Overseeing the selection of research projects to ensure that they have the potential to add value 

to the company; 

Providing reliable technical assessments of potential mergers and acquisitions; 

Explaining company products and future plans to the trade media; 

Participating in government, academic and industry groups where there are opportunities to 

promote the company's reputation and to capture valuable data; 

Patents and IPR; 

Technology policy and strategy; 

Product Creation Process (PCP); 

Exploring new clinical opportunities. 

In case of PMS, the key role of the CTO-office is to provide the technical vision for all the BGs 

described above. The CTO-office sets the tone and direction for PMS technologies. Integrating the 

technology-based activities of all the BGs into the corporate strategy requires that the CTO nurture 

effective relationships with key people throughout the company. These include the Chief Executive 

Officer (CEO), the Chief Strategy Officer (CSO), members of the executive committee, chief 

scientists, research laboratory directors, clinical groups, and marketing leaders. Leadership comes 

from being able to set the technical course and from being able to define what the company's 

products and technologies might look like in two, three or more years; a long-term focus is 

5 
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necessary. Another role of the CTO-office is directing PMS's involvement in the Philips Software 

Centre (PSC) in Bangalore. PSC is responsible for developing and delivering SW components to 
other parts of Philips, also to PMS. Finally, CTO-office can be seen as the link between the inside 
and outside 'world' of clinical and technology areas. 

The relationships with key people can be explained on the organizational graph of the CTO-office, 
Figure 3. On the one hand the CTO managers each have their responsibility for a specific 

technology area. These areas are spread out over PMS and can be seen as interconnected. All the 
BUs have contact with the CTO managers about the topics of for instance Molecular Imaging (Ml), 
Medical Diagnostics (MDx), Information Technology (IT), Detectors, Research, Product Creation 
Process (PCP), Environmental Contact Officer (ECO), European Union (EU) subsidies and so on, 
based on their specialties. On the other hand, each CTO manager is responsible for one or more 
BUs, not attached to his or her specific technology area. In this role, CTO managers are also called 
account managers. In this way it happens that one CTO manager is at a meeting with a BU in the 
role of an account manager, while the other CTO manager is participating on behalf of a technology 
area. 

The CTO managers of SW and Platform Technology and Research (the blue responsibility areas 
indicated in Figure 3) initiated this project; therefore attention will be paid to the topics of SW 
development and Research. 

Assistants 

~---------L------------------~~-P-h1-li-ps_D_e_si-~--~ 

~--------------~ 

1

11,J CFT 
CTO Office Responsibilities: ,_ 
Molecular Imaging 
Product Security I 
Business Development MDx t Philips Research 
Business Development MI I 
SW, Platform Technology I 
Common Technologies I- Philips SW Centre, 
Research I India 
PCP, ECO, EU subsidies I 
Clinical Sites Research l_j PMS SSPI Mgr 
Patent policy _ 

Figure 3: Organization graph Co,porate Technology Office PMS 
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2.2.4 Philips Software Centre India 

The Philips Software Centre in India needs extra attention with respect to my master project. Philips 

Software Centre Private Ltd, operating from Philips Innovation Campus (PIC), Bangalore, India 

was established in August 1996 as a wholly-owned subsidiary of Royal Philips Electronics N.V., 

The Netherlands, with the objective of meeting the growing need for high-quality, cost-effective 

software development capacity within the Philips organization. From a share of 8% of the total 

software resource of Philips in 1998, PIC's share has now gone up and is around 20%. 

Within PSC there are eight divisions, each functioning as a technology or software competence 

centre. PMS is one of these divisions. Supporting Philips Medical Systems with software 

development for its range of products is the Philips Medical Systems Software Competence Centre. 

PMS provides end-to-end solutions, which extend over requirement definition, architecture, design, 

development and testing of software components for various medical modalities. Execution of 

projects is typically a mix of on on-site and offshore effort. The modalities that have currently set up 

development groups in Bangalore are: 

Magnetic Resonance Imaging 

X-Ray- Common Imaging subsystems 

X-Ray - Cardiovascular 

Medical Imaging and Information Technology (MIMIT) - MIP Components Suite (MCS) 

MIMIT - Cardiology Information Systems 

Nuclear based modalities for ADAC 

Its focus has been on developing competency in remote servicing, archiving, connectivity, system 

performance/calibration tools, software engineering and project management. 
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Chapter 3 Orientation Phase 

3.1 

The purpose of the orientation phase is to identify and define the problem of the company. The 
definition process takes few steps that will be treated in this chapter. But first, the methodology used 
in this master project is discussed in section 3.1. This methodology is applied to structure the 
research. Second, based on the intake the initial problem and assignment formulation of PMS are 

presented in 3.2, followed by the result of the internal exploration by means of orientation 
interviews, which are wrapped up in a cause and effect diagram of the orientation phase in section 
3.3. The analysis and problem selection are also included in 3.3. Furthermore, in 3.4 a project 
proposal for the diagnostic phase and the assignment formulation are included. This chapter ends 
with a research model for the diagnostic phase that is presented in section 3.5. 

Methodology 

Van Aken et al. (2001) discuss ways to execute improvement projects in businesses in a scientific 
way. They refer to Van Strien ( 1975). Van Strien developed a model for professionals that are 
engaged in solving problems for businesses. This model is called the regulative cycle. The steps of 
this cycle are presented in Figure 4. 

Evaluation 

Realization 

Figure 4: Regulative cycle (Van Strien, 1975) 

current 
situation 

Design 
solution 

Problem choice & 
research plan 

Analysis & 
Diagnosis 

This thesis is written in a way that follows the different steps of the regulative cycle. 

Phase 1: Problem choice and research plan (see this chapter) 

The regulative cycle starts with defining the problem. The problems discovered in the current 
situation are the starting point in this definition process (problem mess). The deliverables of this 
phase are a selection of the problem or problems, the potential causes, the (strategic) effects, the 
assignment formulation based on the problem definition and finally the research plan for the 
diagnostic phase. 
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Phase 2: Diagnosis (Chapter 4 & 5 Knowledge Sharing Literature and Diagnostic Phase) 

The purpose of the diagnosis is gaining insight into the dominant problems, the actual causes and 

effects of these problems. Another purpose is, understanding the change possibilities regarding the 
persons involved. Meaning, gain insight in what kind of changes are possible in this particular 

business environment. The first part of the diagnosis is a literature study on the topic of knowledge 

sharing and its antecedents. 
The second part is an in-depth investigation of the current situation and its problems, causes and 

effects. The deliverables of this phase are a theoretical framework and a validated problem, cause 
and effect diagram, with first insights in potential design directions. Validation in a qualitative 
research refers on the one hand to the intersubjectivity of different opinions from multiple 

respondents and on the other hand to the link between practice and the theoretical framework 
(empirical and theoretical validation). 

Phase 3: Design solution (Chapter 6 & 7 Redevelopment Phase and Conclusions & 

Recommendations) 

A design can be defined as a representation of the proposed object of change, made as an instruction 

for the next step in the design or realization process. In this phase proposals for improvement are 
done based on the validated problems, causes and effects from the diagnosis. These proposals are 

followed by conclusions and recommendations. In the recommendations attention will be paid to 

necessary implementation steps to implement the proposed improvements. The thesis will end with 
general recommendations and proposals for further research. 

Both Phase 4: Realization and Phase 5: Evaluation are not in the scope of this graduation project 
according to TU/e standards. 

3.2 Initial Problem Definition 

In order to start the project an initial problem definition has to be formulated. The Philips Medical 
Systems (PMS) company coaches gave the following definition: 

"Philips Medical Systems has a large number of locations where software development is 
being done. This development is executed in many different ways. 

Not a lot of sharing of experience and knowledge on the actual practice of 
software development seem to take place" 

This definition has formed the basis for the rest of the project. Two points of attention can be 

discovered in this initial problem definition. First, PMS has globally dispersed software (SW) 
groups. Second, it is possible that these groups develop the same SW components, without being 
aware of other similar activities. 

The PMS company coaches also formulated an assignment based on the initial problem definition: 

"Find out how the detected inefficiencies in SW development 
can be tackled by means of knowledge management" 
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Exploratory Interviews 

The bases for the exploratory interviews are the initial problem definition, the assignment 

formulation of the company coaches and the company description. Interviews are held with 
employees from several BUs and especially SW development groups within these BUs. To prevent 
the project from potential travel and communication difficulties, initially only the BUs in Best are 
approached. In Best the following BUs are based (Appendix I and subsection 2.2.2): 

Magnetic Resonance 

Cardiovascular X-Ray 
General X-Ray 
Common Imaging Systems, part of Components 

Medical IT 

In order to broaden the research focus the functions of the respondents differed from SW developers 
to Team leaders, and from SW architects to Development managers. Concerning the reliability of 

the interviews, it is necessary to diversify the functions of the respondents and to have interviews 
with multiple employees (Van Aken et al., 2001). In general, developers and managers often have 
different opinions, because their interests and purposes are spread. Managers have to pay attention 
to the objectives of top-level management, whereas developers tend to have a lack of interest in 
opinions of top-level management and are especially confronted with the objectives of their direct 
bosses. 

3.3.1 Cause and effect diagram orientation phase 

The information gathered in the interviews is wrapped up in problems, causes and effects structured 
in a cause and effect diagram, see Figure 5 on the next page. Some thoughts were mutually shared, 
whereas other issues were specifically important per function. To remain objective at this point, all 

the observed problems, causes and effects mentioned are included in the diagram. 

3.3.2 Discussion cause and effect diagram 

Inefficiency in the area of SW development is detected as the main effect in the current situation. 
For instance, in the field of Image Processing, database, graphic libraries and 3D the respondents 
argue that BUs often develop comparable SW components despite the difference in these systems. 

The components are developed without using knowledge of other BUs. In other words, this effect is 
actually experienced as a problem. Inefficiency is caused by the overall problem, BUs do not share 
error and success knowledge about their SW development process. Error and success knowledge is 
included in this definition because the respondents indicated that they do not learn of other SW 
development processes. Leaming can be approached both positively as negatively. Positively means 

sharing successes of other BUs, whereas negatively reflects sharing error knowledge. 

The three main causes for this problem are: 
SW development capability is low; 
Unclear which SW development information is useful to share between BUs; 

Incentive for cooperation is missing. 

First, concerning S W development capability, there are still major differences between the BUs. In 
general , currently a SW development process cannot easily be standardized, due to the fact that the 
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process is still not optimized and quite young. This results in a situation where BUs do not have the 
same SW development process maturity what strengthens the problem that BUs do not share error 
and success knowledge. 

Second, in the current situation it is unclear which SW development information is useful to share 
between the BUs. In order to know which information is useful to share it is necessary to know 

more about specific systems, components and processes of other BUs. In the current situation most 

respondents are unfamiliar with specific competences and best practices in the field of SW 
development processes and product technologies of other BUs. This is due to the fact that SW 

development groups of the different BUs are not acquainted with each other. Noticeable is that 

communication mainly happens ad-hoc and at site level. Relations are especially formed via 
individual contacts and informal networks. 

Next to ad-hoc communication, unfamiliarity among BUs is also caused by the silo focus of the 
BUs. Two issues lead to this silo focus. First, BUs are mainly focused on own activities, they have 

separate business responsibilities due to the history of PMS. The history leads to the situation in 
which the BUs all operate independently and focus on their systems instead of on an overall medical 

discipline. Second, to operate in a rapidly changing markets in which PMS is operating, the BUs 
have continual need for rapid development, which leads to time pressure on, in this case, SW 

development. Time pressure can be a positive stimulation to share knowledge, because in the most 
favorable position, knowledge sharing saves time. In the interviews, a few persons agreed with the 
time savings benefit, but pointed out that in order to increase the knowledge sharing levels, the SW 

developers have to be aware of the competences or best practices of other BUs in order to know 
which SW development information is useful to share. Concluding, the time pressure leads to the 
silo focus of the BUs. 

Finally, incentive for cooperation is missing. The history of PMS leads to a situation where no 

concrete method or structure for knowledge sharing among BUs is present, which does not make it 
rewarding to communicate with other BUs on site level and even harder to communicate with the 

globally dispersed groups. As aforementioned, the BUs have a silo focus, SW development groups 
of the different BUs are mainly focused on own activities, they have separate business 
responsibilities and collective recognition is above all missing. This leads to a lack of knowledge 
sharing urgency and benefits. Next to this, BUs do not want to be dependent. This results in a 
situation where BUs do not have or recognize the need to be familiar with others and remain to 
operate independently. 

In addition to this, the lack of incentive is according to the respondents also linked to the 
characteristic SW development environment. In this business it is normal when SW developers hold 

on to their profession for a long time. Holding on to own specialist knowledge will hamper the 
knowledge sharing process. The threat of losing knowledge is greater than the perceived benefit. 
Next to this, in a conservative business environment changes are often received with suspicion. Also 

in some of the interviews resistance was offered to the topic of knowledge sharing and the potential 
benefits. Concluding, job security has a great influence on the incentive to share knowledge. 

Next to these causes, there are also two positive examples of changes in the right direction of 
knowledge sharing between BUs. First, to stimulate the process of knowledge sharing between BUs, 
the structure of the BUs is changed by top management by introducing a Digital Imaging Systems 

group (DIS). DIS is formed by top management because a lot of similarities are seen between the 

individual BUs. Although this group is a fact now, still there is a great difference between opinions 
of management and developers. 
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Where managers see DIS as a great opportunity to benefit from the synergies between BUs; to share 

knowledge and to prevent the BUs for doing double development work, conversely the engineers do 

not know the real purpose of the formation of DIS. They do not see the same similarities and 

opportunities as the managers. They argue that there are a lot of detailed differences between SW 

components of different BUs. 

Second, besides the above-discussed informal networks, we can see a small trend of formalization 

of networks. An example is the SW Summit, an annual SW architects meeting for architect from all 

PMS BUs. During these meetings the general problems in the field of knowledge sharing, synergy, 

familiarity and incentives are addressed. Experiences are shared and improvements are aimed for. A 

comment here is that the need for discussion and sharing experiences exists, but the actual 

implementation of detail SW knowledge into own design is still not part of the daily work of the 

SW developers. Multiple causes are connected to this. First changing ways of working is time 

consuming. Second, it costs extra money to change things. Third, SW developers are often too 

proud to change their way of working. Although this network is a fact, it is only the beginning of 
creating knowledge sharing benefit awareness among SW development groups, while concluding 

from the interviews there are still too less persons that do recognize the actual benefit of getting to 

know others and share knowledge. 

To conclude this subsection, a simplified version of the cause and effect diagram is presented in 

Figure 6. This simplified version reflects all the causes of the original diagram, as well as the 

problem and the effect. The three causes groups can be recognized as the direct links to the 

problem. An overview of all the causes and effects and the grouping of causes as presented in 

Figure 6, is included in Appendix III. 
The dotted line from Market pressure strengthens the connection ' SW development capability low' 

and 'BUs do not share error and success knowledge'. The overall SW development capability is low 

partly due to different maturity levels and market pressure. 
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3.4 Focus Points 

The problem described in the former section is yet too abstract. According to Van Aken et al. 
(2001), at the beginning of the diagnostic phase the research focus should be comprehensive enough 
to be relevant, and small enough to be feasible. In order to enter the diagnostic phase, at this point a 

more concrete elaboration into practice is needed. Two potential directions have been formulated in 
agreement with the project coordinators. Both directions reflect cooperation situations among 

multiple PMS BUs in which knowledge sharing aspects can be discovered. The directions are 
subsequently checked for feasibility and potential risks. In the subsections 3.4.1 and 3.4.2 the two 
different directions are discussed and based on that information a decision for a focus direction is 
made in 3.4.3, where also the final assignment is formulated. 

3.4.1 PIC Bangalore 

The first possible focus direction is the cooperation of PMS BUs and the Philips Software Centre in 
Bangalore, India. The Philips Software Centre (PSC) is among others responsible for developing 
and delivering SW components to different Product Divisions of Philips, also to PMS. In subsection 
2.2.4 a description of the history of PSC and its activities is given. The PMS group in India prefers 
to use the term PIC instead of PSC, so in the remaining chapters of this thesis the term PIC will be 
used. 

In the current situation the PMS BUs working together with PIC are: Magnetic Resonance Imaging, 
Cardio Vascular X-Ray, Components, Medical IT and Ultrasound. 

For PMS there were some criteria and advantages to start cooperating with this group: 
Accessibility of SW developers: in Bangalore more SW developers are present, which are well 
trained and speak good English. 
Cost benefit: it is cheaper to outsource parts of SW development to Bangalore because the 
wages are much lower in India. 

Create critical mass: to have more knowledge centered at one point, competences have to be 
built. 

Time savings: the BUs can spend more time on innovation instead ofroutine SW development. 
Local presence: in order to serve the growing local medical systems market in the Middle East, 
cooperating with a group in India creates more opportunities to be present there. 

To test the feasibility a few interviews are conducted in order to get better grasp on the current 
situation of cooperation with PIC and to discover whether there is support from the BUs to 
investigate this direction. In these interviews attention is paid only to the rationale of the BUs to 
work together with PIC. Before starting to cooperate with PIC, which criteria were formulated by 

PMS in order to make a considered decision? Did problems occur during the relationship? 
A way to find out the positive and negative effects of cooperation with PIC is to ask the respondents 
to think of 5 negative and 5 positive aspects, which are typical for the relationship. 

To summarize the interviews, a few problems arise during the interviews; note that personal 
experiences of PMS employees form the basis for these first problem definitions: 

I. The SW knowledge available in PIC on the Medical Systems domain is not sufficient to 
fulfill all customers' needs. They do not have the medical domain knowledge they actually 

should have in order to satisfy all BU wishes. The other way around, PMS does not know 
exactly what these wishes are; 
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2. PIC has a lot of knowledge but operates on basis of routines. They do not have an attitude 
that is proactive, critical and assertive; 

3. PIC does not deliver components with consistent quality, the quality varies e.g. dependent 
on the SW developers working on the team; 

4. Although the wages are lower in India, this is only a benefit in case ratio of (lower) wages 

and efficiency of PIC is the same as the ratio in Best. The net effect should at least be 
equal; 

5. The distance between PIC and PMS has a large impact on the extent up to which 
communication takes place effectively; 

6. Cultural differences make it harder to communicate effectively. 

One major problem can be extracted from the problems mentioned above, namely: 

"PIC has a lack of medical domain knowledge to serve all customers' needs; that goes 
hand-in-hand with their focus on routine based operations instead of pro-active development" 

The next step is to examine if this problem can be analyzed with the help of knowledge sharing. 
The lack of medical knowledge is a knowledge-sharing problem, because the medical domain 
knowledge is embedded in the BUs of PMS. One way to improve the level of domain knowledge 

for PMS is to share their knowledge with PIC. Also the proactive attitude that is expected by the 

PMS BUs is a result of the lack of knowledge sharing. Does it fit into the culture of PIC to be 
proactive? Did PMS communicate to PIC what they expected from the cooperation in terms of pro 
activeness and decision-making? These kinds of questions will help to get hold of the current 
situation as well as the causes and effects of a knowledge-sharing problem. 

Also cultural differences and ways of communicating influence the cooperation between PMS and 

PIC as aforementioned at the problem definitions. These problems are not directly knowledge
sharing problems, but attention has to be paid to them because it is due to familiarity with cultures 

what makes the cooperation more or less effective. The secondary problem is therefore: 

"Cultural differences play a significant role on communication with regard to 
the knowledge sharing process between PMS and PIC" 

In short, the respondents reacted positive on my proposal to do research on the cooperation between 
PMS and PIC. They all recognized the same problems and were motivated to cooperate further in 
the project; there are still enough issues to solve here. 

3.4.2 Competence management 

The second possible focus direction is on the area of competence management. The problem/ cause 
and effect diagram shows us that, due to the silo focus of BUs and mainly ad-hoc communication at 
site level, the PMS BUs are unfamiliar with specific competences/ best practices of other BUs. 

To check the feasibility of this focus point and the degree of support out of PMS a few interviews 

are conducted. In the interviews attention is paid to the BU specific competences and the possibility 
to learn from other BUs' competences. Is there potential for improving the BU-to-BU knowledge 
sharing of competences? What are the positive and negative effects of partnering? 
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Currently the BUs are managing their competences in a way that suits their business, rather than 
following a PMS wide approach, which does not exist at the moment. In case of sharing 
competences BUs have the feeling that they differ in such a way that it is hard to share competences 

with other BUs. However, there are some similarities, and for some of these a platform is already 
formed (the Medical IT platform). These SW components are developed in such a way that multiple 
PMS BUs can use them. So there are already some examples of competence 'centers' where the 
knowledge is combined. But as for outsourcing as well as for sharing between BUs, the BUs are not 
organized in a way that makes these processes of cooperation possible. On the one hand, it appears 

to be easy to share knowledge or competences with other BUs, but on the other hand in case of 
questions and services there is just no time for extra work. BUs are totally focused on own activities 
and do not have the time for spending additional effort on answering questions and doing service 
work. 

In conclusion, referring to the MIT platform there are already some activities to combine required 
knowledge. But besides that the respondents indicated that there is not enough support from the 
PMS BUs to investigate this direction of competence management. Already during the interviews it 

appeared to be quit difficult to gather detailed information on this competence management topic. 
This negatively affected the feasibility of this direction. 

3.4.3 Final scope of the project 

The problem discovered in this orientation phase is: 

"BUs do not share error and success knowledge about their 
SW development process and product technology" 

Which leads to the effect: 

"Inefficiency in the area of SW development" 

Both proposed focus directions can be linked to this problem, meaning a decision has to be made 
based on other criteria. Feasibility as well as support was a prerequisite for choosing a direction. As 

can be concluded from the above subsections and its conclusions, the scope of the project will be on 
knowledge sharing between PMS and PIC. This decision is based on the identified support level for 
the first direction and the amount of useful information already collected during these first 
interviews. 

Based on this choice, a more specific assignment is formulated for the rest of the project: 

"Analyze the current situation with regard to knowledge sharing 
in the area of SW development between PMS and PIC. 

Identify problems, causes and effects considering knowledge sharing. 
Propose improvements to tackle the effects" 

In the following section the research model for the diagnostic phase is discussed. 
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Research Plan Diagnostic Phase 

Now the assignment is formulated, it is required to develop a line to realize this assignment. The 

rough line of research is presented in a so-called research model. This model should according to 

Van Aken et al. (2001) contain an investigation of the detected problem, the actual causes and 

effects, and possible proposals for improvement. They refer to the model of Verschuren en 

Doorewaard (1995), see Figure 7. 

Theoretical Background Research object Result 

Knowledge Chapter 4 

management Knowledge 
Conceptual Sharing Literature 
framework 

Knowledge sharing 

Chapter 5 
Cultural differences ·· · ► Diagnostic Phase 

Current 

Influence of situation 

physical proximity knowledge Chapter 6 sharing 
infrastructure ► 

Redevelopment 

SW development between PMS Phase 

characteristics and PIC 

Figure 7: Research model diagnostic phase (Verschuren en Doorewaard, 1995) 

On the left side the theoretical background is presented, which include all chosen theories. Theories 

will result in the conceptual framework. The conceptual framework will help to validate information 

from practice with theory (theoretical validation). The middle column reflects the research object; in 

this case the research object is the knowledge sharing infrastructure between PMS and PIC in the 

current situation (empirical validation). After an in-depth investigation of this research object, the 

object is compared to the conceptual framework. The main questions here: are there similarities 

between the research object and the theoretical background? And where does the research object 

differ from the theory? But also, where does the theory differ from the research object? This 

comparison results in a diagnosis of the current situation and exploration of solution areas, which 

can be found in the right column. 

The object of the research project is the knowledge sharing infrastructure between PMS and PIC. 

To learn more about this object, more interviews have to be held in order to get more grip on the 

current situation of knowledge sharing between PMS and PIC. To remain objective both PMS and 

PIC employees are asked to participate in this phase. A result will be an empirically validated cause 

and effect diagram, which needs to be compared with the theoretical background. 

Theoretical background. While the topic of knowledge sharing is a leading theory in this project, 

first attention should be paid to knowledge management and the role of knowledge sharing in 

knowledge management literature. Second, theory with respect to cultural aspects is interesting to 
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consider. India and Europe as well as Europe and the United States have different cultures. Those 
cultural differences reflect the way of working and therefore also ways of cooperation between 
different countries. Hofstede (1994) did a lot ofresearch on cultural differences and their impact on 
organizations across different countries. In his work Hofstede mentions culture dimensions, namely 

power distance, uncertainty avoidance, individualism, masculinity and long-term orientation. To 
identify the impact that cultural differences have on cooperation, it is interesting to learn more about 
culture and differences between countries. Third, theory on physical proximity can be interesting. 
Geographical distance characterizes the cooperation between India and Europe. Van der Bij et al. 

(2003) discuss on the topic of co-location of R&D personnel, which has a positive influence on the 
level of knowledge dissemination. Finally, the research object will be SW development groups, 
therefore attention should be paid to literature on SW development and its characteristics. 

Comparison object and theory: the problem/ cause and effect diagram has to be checked at this 
stage. The object of the project will be compared with the theory to check the diagram. This step 

will strengthen the empirical validated cause and effect diagram, where the result will be a diagram 
that is validated both empirically as well as theoretically. 

Research result: the result is on the one hand a diagnosis of the current situation, where the real 
problem and the real causes will be presented. On the other hand solution areas will be explored in 
order to prepare the next phase of the project, namely design of a solution and change plan. 
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Chapter 4 Knowledge Sharing Literature 

4.1 

4.2 

The first part of the research plan is concerned with theories from literature. A conceptual 
framework will be constructed by means of defining the theoretical background of this research 
project. First the terminology used will be explained, starting with the definition of knowledge in 
4.1, knowledge sharing in 4.2. Finally in 4.3 knowledge sharing antecedents are defined. These 
knowledge-sharing antecedents will form the basis for the conceptual framework. 

Knowledge 

Plato first defined the concept of knowledge as 'justified true belief. This definition forms the 
foundation of Nonaka's paper (1994), in which he pays attention to the difference between 
information and knowledge. Given the scope of this paper and due to the fact that an organization is 
full with knowledge and information, attention has to be paid to this difference. In short, 
information is a flow of messages, while knowledge is created and organized by the very flow of 
information, anchored on the commitment and beliefs of its holder. 

More definitions of knowledge can be found in the literature. According to Song et al. (2004) 
knowledge refers to information that has entered the human belief systems, and has been validated 
by experience and proven beneficial to firm performance. Grant (1996) has a different point of 
view, namely knowledge is that which is known. He identifies knowing how with tacit knowledge, 
and knowing about facts and theories with explicit knowledge. Tacitness and explicitness are 
dimensions of knowledge. Nonaka (1994) extensively discusses the difference between tacit and 
explicit knowledge. Explicit or codified knowledge refers to knowledge that is transmittable in 
formal, systematic language. Tacit knowledge has a personal quality, which makes it hard to 
formalize and communicate. Tacit knowledge is deeply rooted in action, commitment, and 
involvement in a specific context. 

Place of Knowledge Sharing within Knowledge Management 

There are a variety of definitions of knowledge management (KM). Kakabadse et al. (2003) 
reviewed the knowledge management literature. They refer to O'Dell and Jackson (1988), for whom 
KM is a 'conscious strategy of getting the right people at the right time and helping people share 
and put information into action in ways that strive to improve organizational performance' . 
Furthermore they address to the work of Murray and Myers ( 1997), who investigated the desired 
definition of KM among 260 UK and European corporations. They voted for the business definition 
of KM as the 'collection of business processes that govern the creation, dissemination and 
utilization of knowledge to fulfill organizational objectives' . 
Finally Kakabadse et al. argue that a consistent theme in all espoused definitions of KM is that it 
provides a framework that builds on past experiences and creates new mechanisms for exchanging 
and creating knowledge. 

To understand the place of knowledge sharing within KM, the processes of KM have to be 
highlighted. As mentioned before, Murray and Myers define KM as the 'collection of business 
processes that govern the creation, dissemination and utilization of knowledge to fulfill 
organizational objectives '. 
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Cabrera and Cabrera (2002) point out that knowledge management is normally used to refer to 

those managerial practices that are implemented with the main objective of creating, storing, 
disseminating and exploiting organizational knowledge. 
In a research article about KM by Hlupic et al. (2002), a reference is made to Ruggles (1998) who 

suggests a slightly different set of processes. Due to Ruggles there are three categories of KM tools, 
which are believed to represent the primary knowledge activities of most organizations: 

·Knowledge Generation - the creation of new ideas, recognizing of new patterns, the synthesis 
of separate disciplines, and the development of new processes. 
Knowledge Codification - the auditing and categorization of knowledge 

Knowledge Transfer - the forwarding of knowledge between individuals, departments and 
organizations. 

Different authors use different knowledge management definitions. A combination of the activities 
is used to see where knowledge sharing fits in. Especially Murray and Myers, as well as Ruggles are 
combined here. 

The activities can be arranged as a flow: 

Knowledge 
Generation/ 

Creation 

Knowledge 
Codification 

Figure 8: Knowledge Management activities 

Knowledge 
Utilization 

The aforementioned KM activities do not contain the term knowledge sharing although Argote 
(2000) argues that knowledge sharing goes hand in hand with knowledge dissemination as well as 
with knowledge transfer. She defines knowledge transfer as the process through which one unit is 

affected by the experience of another. In general terms, knowledge can be transferred by moving a 
knowledge reservoir from one unit to another or by modifying a knowledge reservoir at a recipient 
site. Knowledge dissemination is defined by Van der Bij et al. (2003) as the process and extent of 
technological information exchange within a given organization. The information exchange can 
occur both formally and informally and both horizontally (i.e., interdepartmental) and vertically 
within the organization. 

The definition of knowledge sharing is a bit more difficult to find in literature, but Berends (2003) 

shed light on this term in his doctoral thesis. He wrote a thesis about knowledge sharing in 
industrial research. The objective of his study was to gain more insight in knowledge processes in 
organizations and especially in the contribution of knowledge sharing to industrial research 
practices. Knowledge sharing is one of the central knowledge processes in organizations. Although 

the phrase knowledge sharing is central in much of the knowledge management literature, and to 
most people it will have some meaning, it has not been clearly delineated and defined yet. Many 

publications that have 'knowledge sharing' in their titles now, would probably have had 
' information transfer' as a label before the rise of knowledge management. Presumably, the 
concepts have a different emotional value. Knowledge sharing is a 'feel good' concept. Both 

'knowledge' and ' sharing' have a positive emotional value. Sharing is associated with openness 
('sharing your feelings') and community interest. Knowledge transfer has more technical 
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connotations. It seems to be associated with organized processes such as classroom teaching and 
innovation adoption. 

From the definitions can be concluded that the terms are closely linked. This brings us to the next 

phase of this literature chapter. In the next section, attention is paid to factors that influence 

effective knowledge sharing in a positive or a negative way. 

Knowledge Sharing Antecedents 

In his doctoral thesis, Berends (2003) discusses the antecedents of knowledge sharing and 

information transfer. The antecedents are split up in five categories, namely knowledge 
characteristics, source, receiver, relationship/channels and organizational context. The antecedents 
will form the basis for the conceptual framework that will be used to compare the current situation 

of knowledge sharing between PMS and PIC with the literature. To investigate the current situation 
interviews are held and parallel to these interviews the conceptual framework is put together. 

4.3.1 Knowledge characteristics 

Tacitness, in the literature also known as causal ambiguity and observability, refers to knowledge 
that has a personal quality, which makes it hard to formalize and to communicate (Nonaka, 1994). 

Galunic and Rodan (1998) argue in their paper on resource recombinations that can occur when 
competencies within the firm either combine to synthesize novel competencies or experience a 
reconfiguration or relinking with other competencies. Tacitness is described as an antecedent, the 

authors' proposition with regard to tacitness is: the likelihood of resource recombinations will be 
diminished the more tacit the knowledge base, both due to lower detection probability and higher 

costs of resource exchange. Tacit knowledge is best transferred through rich communication media 

such as observation rather than through more explicit media (Nadler et al. 2003). Nadler et al. argue 
that instead of accumulating knowledge directly, which is difficult in case of tacit knowledge, an 
individual accumulates knowledge by watching another person perform a task. They also discuss 

that experience in observing someone perform a task is more beneficial for subsequent performance 
than other types of experience, such as acquired through classroom training. Experience individuals 
acquire by observing someone perform a task provides opportunities for them to acquire tacit 
(Nonaka, 1994) as well as explicit knowledge. 

Opposite to tacitness stands codification; when knowledge can be codified this means that it can be 

transmitted more easily. Moenaert et al. (2000) did research on knowledge codification. 
Codification is defined as: The individual and collective processes through which knowledge and 

experience may be structured and made explicit. The development of new products in an 
international context often impedes the process of knowledge codification. First, the different units 
and functions of an organization develop an idiosyncratic language, subculture and a way of 

exploring and analyzing the environment. Second, the results of R&D activities are inherently 
difficult to codify. Third, international differences in language, culture and context provide another 
impediment to codification. Therefore, problems of knowledge codification are key to 

understanding and optimizing the choice of geographic location of innovation activities. 
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4.3.2 Source 

Individual commitment is studied by Van der Bij et al. (2003). The prime movers in the process of 

organizational knowledge creation are the individual members of an organization. Van der Bij et al. 

proposed that identification with and involvement in the organization also means communication 

with the people in the organization, and knowledge dissemination occurs through communication. 

Through a field study, they found that individual commitment has a positive influence on the level 

of knowledge dissemination. 

Another paper that explores the impact of motivation on knowledge sharing is that from Ardichvili 

et al. (2003), who report the results of a qualitative study of motivation and barriers to employee 

participation in virtual knowledge-sharing communities of practice at a multinational company. 

They argue that one of the critical factors determining a virtual community's success is its 

members' motivation to actively participate in community knowledge generation and sharing 

activities. 

Expected contribution to organizational goals (moral obligation, community interest). Ardichvili et 

al. (2003) suggest that a supportive organizational culture is a key prerequisite for knowledge 

sharing and when employees view knowledge as a public good belonging to the whole organization, 

knowledge flows more easily. To make employees more aware of the positive sides of knowledge 

sharing, organizations need to make the organizational expectations and procedures transparent 

though clear and widely accessible communication of these expectation and rules. 

4.3.3 Receiver 

Not-Invented-Here syndrome (NJHS) is the denomination for the tendency of both individual 

developers and entire organizations to reject suitable external solutions to software development 

problems in favor of internally developed solutions. Closely related to the "let's re-invent the wheel" 

syndrome, NIHS can be seen in intensities ranging from a mild reluctance to accept new ideas all 

the way up to a raging software xenophobia. NIHS can be defined as a situation where an external 

solution is rejected only because it was not internally developed - in other words, there are no other 

factors that dictate an internally developed solution would be superior. (www.developer.com3, June 

2004) 

Absorptive capacity in case of the receiver is the ability to utilize new knowledge. This ability 

depends on its existing stock of knowledge and skills (Szulanski, 2000). Cohen and Levinthal 

( 1990) argue that the ability to exploit external knowledge is a critical component of innovative 

capabilities. The ability to evaluate and utilize outside knowledge is largely a function of the level 

of prior related knowledge. At the most elemental level, this prior knowledge includes basic skills or 

even a shared language but may also include knowledge of the most recent scientific or 

technological developments in a given field . Thus, prior related knowledge confers an ability to 

recognize the value of new information, assimilate it, and apply it to commercial ends. These 

abilities collectively constitute what they call a firm's "absorptive capacity". 

4.3.4 Relatio11shiplchan11els: 

Trust (psychological safety, friendship, group cohesiveness, social confidence, social interaction) is 

discussed by Mc Evily et al. (2003). In their view trust influences organizing through two main 

3 http: //www.developer.com/open/article.php/333 8791 
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causal pathways: structuring and mobilizing. From a structuring perspective, trust shapes the 
relatively stable and enduring interaction patterns in and between organizations. From a 
mobilization perspective trust motivates actors to contribute, combine and coordinate resources 
toward collective endeavors. Especially mobilizing influences the level of knowledge sharing 
between actors. 
Trust affects knowledge sharing in two ways: from the point of view of the sender and of the 
receiver of knowledge. A sender's trust in a receiver influences the sender's degree of openness in 
sharing knowledge with the receiver. Such openness provides the foundation for organizational 
learning because it increases the potential for the exploitation of knowledge to be more widely 
dispersed and because it creates the conditions for the exploration of how knowledge can be 
recombined in novel ways. From the standpoint of the receiver, trust affects the perceived veracity 
of knowledge. When knowledge is received from a trusted source, the receiver is less likely to 
verify the knowledge for accuracy and is more inclined to accept the knowledge at face value. 
Trust also strengthens identity. As other parties come to learn more about each other, they may also 
begin to identify strongly with others' needs, preferences, and priorities and come to see them as 
their own. As identification intensifies, the strength of attachment, or commitment, to a collectivity 
and their objectives increases as well. Over-identification, however, carries its own set of problems 
for the organization: organizational members are less likely to countenance alternative views and 
critically evaluate their own organization resulting in groupthink, the not-invented-here syndrome, 
and other forms of constrained thinking. 

Common stock of basic knowledge (shared coding scheme, overlap in basic knowledge, common 
jargon, differences in thought worlds). Galunic and Rodan ( 1998) argue that the use of a common 
language improves the efficiency of knowledge exchange first by allowing exchanges to take place 
more quickly and second by avoiding the necessity for ideas to be translated into a higher-level 
language for exchange. Moreover, differing language systems are likely to result in exchange costs 
between competencies being higher than those within a competence. 
Szulanski (2000) discusses this topic as well; he refers to a communication and technical gap 
between the source and the recipient. Bridging the communication gap may require solving 
problems caused by incompatibilities of language, coding schemes, and cultural conventions. The 
technical gap will be discussed at the next antecedent, differences in knowledge. 
Finally, Argote refers to Weber and Camerer (2003) who speak of common shorthand language. 
They argue that if group members share this kind of language, knowledge retention and knowledge 
transfer will be more efficient. 

Differences in knowledge (specialized knowledge, organizational redundancy). Szulanski (2000) 
argues that transferring complex and causally ambiguous knowledge typically requires construction 
and adaptation at the receiving end. As mentioned above there are two gaps, a communication and a 
technical gap. The communication gap is part of common stock of basic knowledge, whereas the 
technical gap can be linked to specialized knowledge. Closing the technical gap may disrupt the 
normal activities of both source and recipient. It may distract the source from its main mission 
(unless its mission is to support the transfer) especially when supporting the transfer means 
generating additional documents, constmcting dedicated equipment, lending or donating its own 
skilled personnel, or training the recipient's personnel. 

As already discussed by tacitness Galunic and Rodan ( 1998) deal with the likelihood of resource 
recombinations. Besides tacitness, another antecedent is specialization. Because of the advantages 
of specialization, knowledge may be heavily customized to one particular use, increasing the 
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context specificity and lowering its changes of flowing elsewhere. In general, the likelihood of 
resource recombinations will be diminished the more context-specific the knowledge involved is. 

Physical proximity (geographical dispersedness, co-location). Van der Bij et al. (2003) identified 17 
factors in enhancing knowledge dissemination. Co-location of R&D personnel is one of these 

factors. They refer to Moenaert and Caeldries (1996), who found that placing R&D professionals in 
closer proximity to one another did not increase technological learning in the organization, but it 
improved market learning and product innovativeness. 

Van der Bij et al. also refer to McDonough III et al. (2001). They studied the performance of co
located development teams. They found that co-located teams performed significantly better than 

virtual and global teams due to less behavioural and project management problems of co-located 
teams, which enhances the quality of communication, the interpersonal relationships and the level of 

project agreement. In their own study, Van der Bij et al. found that co-location of R&D personnel 

has a positive influence on the level of knowledge dissemination. 

4.3.5 Organizational context 

Darr and Kurtzberg (2000) analyzed the theory of congruence (in the literature also mentioned 
strategic similarity, customer similarity, goal congruence, structural similarity). They argue that 
there are four reasons why similarity in strategy should have more impact on knowledge transfer 
than other kinds of similarity. First, managers making the same choices will likely be inherently 
attracted to each other. Second, firms with common business strategies may be better aligned to 
transfer knowledge across organizational boundaries. Third, organizations choosing the same 
strategy may assume a commonality of problems and experiences that geography or customer base 
similarities would not imply. Finally, information is more easily assimilated into long-term memory 
and more easily implemented when it is similar to existing knowledge content and structure. 
Moenaert et al. (2000) discuss that goals must be formulated for each unit such that global 
optimization rather than local optimization is encouraged. They make the following proposition: the 
formulation of congruent unit goals improves knowledge credibility and network transparency in 
international product innovation teams. 

Long-tenn orientation. Another factor that enhances knowledge dissemination according to Van der 
Bij et al. (2003) is long-term orientation. Long-term orientation offers a stable strategic direction, 
implemented by a steadily growing number of organizational members. While following the same 
strategy together, people become more involved with each other and are more willing to disseminate 

knowledge. Though too much commonality might decrease the number of subjects to disseminate, 
clearly there usually is enough dissimilarity to promote the dissemination of ideas. 

'Positive ' organizational norms ( collectivism, cross functional and interunit climate, pro-innovation 
culture, pro-information culture, knowledge oriented culture). The organizational context where the 
transfer is embedded may affect the eventfulness of the transfer. Ultimately, the organizational 
context affects the willingness and ability of organizational subunits to complete related tasks. Its 

influence occurs through norm and value setting, through fiat of incentives, and through counsel and 

support (Szulanski 2000). 
Moenaert et al. (2000) argue that a harmonious cross-functional and interunit climate improves 
knowledge credibility in international product innovation teams. 
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Personal movement is a new antecedent mentioned by Argote. She refers to an article by Song et al. 
(2003); they argue that personal movement across organizations or organizational units also 

increases the opportunity for one unit to learn from another. 

Culture is a notable element in this project, since there are different nationalities involved. A 

definition of culture, according to Hofstede (1994), is: "the collective programming of the mind 
which distinguishes the members of one group or category of people from those of another". In 

order to optimize cooperation between nations, we should be able to understand the value 

differences that come with nationality differences. Hofstede discusses differences in nation cultures 
by means of five dimensions. 

■ Power distance: the degree of inequality among people which the population of a country 
considers as normal; 

■ Uncertainty avoidance: the degree to which people in a country prefer structured over 

unstructured situations; 
■ Individualism: the degree to which people in a country prefer to act as individuals rather 

than as members of groups; 

■ Masculinity: the degree to which values like assertiveness, performance, success and 

competition, which in nearly all societies are associated with the role of men, prevail over 
values like the quality of life, maintaining warm personal relationships, service, care for the 

weak, and solidarity, which in nearly all societies are more associated with the role of 
women. 

■ Long-term orientation. 

Weber and Camerer (2003) argue that while culture seems like a 'small thing' when evaluating 
mergers, compared to product-market and resource synergies, they think the opposite is true because 

culture is pervasive. They also point out a couple of key elements; one of them is a shared 

understanding among organizational members, which usually comes through shared experience. 
Their experiment focused on culture as a specialized homemade language and on problems that 
occur when integrating different kinds of cultures. They say that differences in culture between 

firms (in this case laboratory firms) lead to consistent decreased performance for both teams after 
the merger. In addition, they also found evidence of conflict and mistaken blame arising from the 
differences in culture, providing to a possible source for the high turnover rate following real 

mergers. 

4.4 Conclusion 

In this chapter first the terms knowledge and knowledge management have been taken into 
consideration in order to explain the term knowledge sharing. Furthermore, intensive attention is 
paid to a group of knowledge sharing antecedents. A broad spectrum of antecedents is found in the 

literature, e.g. from knowledge specific antecedents to cooperation characteristics that influence 

knowledge sharing between parties. These antecedents together serve as the conceptual framework 
with which the research object will be compared in the next chapter, Chapter 5 the diagnostic phase. 
This conceptual framework will be used to compare to the current situation of knowledge sharing 

between PMS and PIC with the literature. 
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Chapter 5 Diagnostic Phase 

5.1 

The main purpose of the diagnostic phase is to have a validated business problem, with validated 

causes and effects, while frrst insights are available into alternative directions to solve the problem 

(Van Aken et al., 2000). The starting point is the problem defined in the orientation phase. Referring 

back to Chapter 3 the problem discovered is 'PMS BUs do not share error and success knowledge 

about their SW development process and product technology which leads to inefficiency in the area 

of SW development'. This problem is not defined on an appropriate aggregation level to diagnose 

and solve it. Therefore a lower aggregation level is needed in this phase of the project. Where in the 

orientation phase the focus was on knowledge sharing between BUs in Best, the direction 

knowledge sharing between PMS and PIC will from now on be taken as focus for the rest of the 

research. In this chapter two extra levels will be investigated that pursue the assignment as 

formulated in Chapter 3: 

"Analyze the current situation with regard to knowledge sharing 
in the area of SW development between PMS and PIC. 

Identify problems, causes and effects considering knowledge sharing. 
Propose improvements to tackle the effects" 

First in section 5.1 the cooperation between PMS and PIC is highlighted on a rather general level. 

To reach a lower aggregation level, second an in-depth investigation on project level is presented in 
section 5.2. This chapter ends with a diagnosis of the current situation of knowledge sharing 

between PMS and PIC. 

Cooperation PMS and PIC 

First a quick scan is executed in this section. A quick scan is applied when there is not an 

appropriate cause and effect tree diagram at the beginning of the diagnostic phase. The purpose of a 

quick scan is to discover whether the detected problem of the orientation phase is an actual 

problem and after that it can help make a preliminary cause and effect diagram. In this case we first 

have to discover whether a knowledge-sharing problem is attached to the cooperation between 

PMS and PIC. An incident analysis is performed in order to discover this (5.1 . l ). Second, in case a 

knowledge sharing problem is attached to this cooperation, the factual information from the 

incidents has to show whether the problem is a reality problem, or a perception of target problem. 

In 5.1.2 the causes for the detected problem are identified for both parties. In subsection 5.1.3 the 

information gathered is validated and grouped into a cause and effect diagram. The section ends in 
5. l .4 with a conclusion about the cooperation of PMS and PIC. 

5.1.1 Incidents 

Interviews are held with employees from CIS (part of Components), MIP (part of MIT) and MR. 

The purpose of these interviews was to discover if there is a knowledge sharing problem attached to 

the cooperation between PMS and PIC. In these interviews merely attention is paid to incidents 

from practice. 
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CIS incident: 

PIC developed SW for the control of the monitor for CIS. CIS had one important requirement 

and that was speed. This requirement seemed so trivial for CIS that during the requirements 

phase this aspect was not clearly communicated. During a relatively late stage in the project 

CIS discovered that PIC overlooked the speed requirement. There are two possible causes for 

this problem. First a limited understanding at PIC in the field of specific requirements due to 

shortage of medical domain knowledge. Second, PMS does not clearly communicate those 

requirements that seem trivial to them. 

MIP incidents: 

PIC was responsible for developing test SW for the Medical Imaging Platform (MIP) of the BU 

MIT. When this SW was delivered to PMS it was different than expected. Causes: first, the 

tuning of requirements was incomplete. On the one hand PMS assumed that the requirements 

were clear for PIC, while on the other hand PIC did not communicate that they did not know 

precisely what was meant by a requirement or what the underlying thought was. This resulted in 

a situation where PIC was working on SW that did not fit the PMS requirements as was 

discovered later. A second cause is less medical domain knowledge at PIC that leads to the 

misinterpretation of the requirements and the lack of natural understanding of what is meant by 

requirements. 

In case of the MIP's Field Service Framework, a component in that framework was developed 

by PIC and during the integration phase a PIC engineer assists its counterparts in Best. During 

the integration phase, PMS discovered that the component did not fully correspond with the 

requirements. This was caused by: lack of communication from both parties. First, PMS did not 

foresee that PIC was developing a component that did not suit their requirements and second 

PIC did not warn PMS that they did not fully understand the requirements. Next to this 

communication difficulty the fact that PIC has less system knowledge also plays a significant 

role. 

The MIP 4.1 project had a delay. While according to the planning PIC had to start already with 

the 4.2 project, they were still working on 4.1 project without communicating this directly to 

MIP. To complete the 4.1 project they used extra employees while this was not part of the 

capacity planning. These employees should actually be working on the 4.2 project already. 

There are three causes for this incident. First, there are not enough 'technical leads at PIC', 

meaning there are more engineers with component view while there is more need for engineers 

with a system overview. Second, PIC did not communicate all their issues and just kept 

working until they finished the 4.1 project. Finally, the planning of PMS is not strict and real 

enough, and they want to be actively involved in the resource planning of PIC. PMS does not 

allow PIC to be part of the decision making process. 

MR incidents: 

PIC developed patient support SW for MR. During the requirements tuning phase a SW 

engineer from PIC came to Best. This engineer had not much experience with the MR system, 

and therefore the tuning took a lot of time. This situation could be avoided by sending more 

experienced engineers who are not afraid to argue with the engineers in Best. The causes are 

therefore: The PIC engineer had a more component view instead of a system overview, what 

makes it harder to tune requirements. Next to that the PIC engineer seemed not to easily admit 

that things were unclear. 
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Finally another incident from MR, regarding the tuning of requirements. PIC developed a 

component for MR's viewer. This viewer had a lot of complicated requirements, and especially 

in the beginning the context in which the component should work was not clear. This resulted in 

an incomplete set of requirements and therefore extra work was needed at later stages in the 

project. This incident, again, is caused by 2 factors. First, PMS has difficulties in formulating 

the requirements as comprehensive as possible. Second, PIC finds it difficult to think further 

than the given requirements. They do not easily communicate if they do not understand 

something. 

Overall incident: 

The interviewed PMS BUs all seem to have difficulties with formulating the requirements as 

comprehensive as possible. A development project is therefore subjected to regular changes of 

the requirements. This leads to difficult situations for PIC, because they have to pay attention to 

these changes and also try to reach deadlines. The initial requirements are just too roughly 

defined. There are two causes for that. First, PMS does often not clearly communicate the so

called implicit requirements to PIC. They expect that PIC understands the underlying, not 

communicated, requirements. Second, PIC does not easily admit if they do not understand 

something. If the requirements are too roughly defined, than this does not make it easier for PIC 

to develop a component. The process would be improved when PIC communicated their doubts 

and new ideas more often. 

The incidents indicate that there is a knowledge-sharing problem attached to the current situation of 

cooperation between the aforementioned BUs and PIC. The problem from the orientation phase can 

be more specified for the cooperation between PMS and PIC. An overall problem detected in the 

incidents is: 

"Lack of sharing of requirements between PMS and PIC 

which hampers the building of components" 

Now that we know that the problem from the orientation phase is in fact also a problem in the 

cooperation between PMS and PIC, attention should be paid to the nature of this problem. Factual 

information from the incidents is used to discover whether the problem is a reality problem, or a 

perception or target problem. A perception problem reflects a situation where the owner of the 

problem has a perception of reality that is not supported by empirical evidence. A target problem 

refers to a problem that originates from non-feasible targets of the problem-owner. Problems that 

are no perception and target problems are defined as reality problems. In this case, as the problem 

is empirically validated and no targets can be linked to the problem, this problem can be seen as a 

reality problem. 

5.1.2 Causes lack of knowledge sharing due to PMS 

In this and the next subsection causes for this knowledge-sharing problem are presented. The causes 

are based on interviews with l O PMS employees who actively work together with PIC. The 

employees work with MR, CV, CIS and MIT (also MIP as a part of MIT). Second the same 

questions are asked to 9 PIC employees in order to remain objective. The functions of the 

employees differed from development managers to architects and from program managers to team 
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leaders. The causes will not be discussed per BU, because during these interviews enough similarity 

in the opinions is discovered. The causes detected are divided into three subcategories, namely 
culture, distance, less system and domain knowledge at PIC, and business causes. 

Distance 

Communication at a distance. This can be an issue in case of tuning the way both parties 
communicate (how do I get the right information and how can I approach the other party?) 

Apart from the fact that both parties speak English they have different ways of formulating 
issues what makes the communication even more difficult. 

Culture 

PIC tends to wait long with communicating compared to the direct European approach; it does 
not fit into their culture to admit that they do not understand something. Example: the MIP 4.1 

project had a delay. While according to the planning PIC had to start already with the 4.2 

project, they were still working on the 4.1 project without communicating this directly to MIP. 

PIC does not easily take proactive actions; most of the time they do exactly what they are asked 

to do. PIC solves every problem that has to be solved, but it seems like they do not think 
beyond this particular step in the process. Suppose they are busy with a feasibility study, they 

do not look a step further in the process already (what would make it more innovative, iterative 
and dynamic). Despite the fact that different parties indicate that they would prefer a more pro
active attitude, PIC remains more passive. 

PIC works by a structured process oriented way. This does not have to be a problem; structured 
processes can help in dealing with dynamic situations. Although a too structured process may 

not go well together with PMS's need for a pro-active attitude, in case decisions that deviate 

from this structure are not easily made. When working by an iterative process, there are more 
possibilities for stimulating a pro-active way of working, than working by strict process steps. 

Both parties should be clear about their expectations. 

Cultural difference is not so much a weakness, but it is something that has to be recognized by 
both parties. To get a sense of the differences in cultures and ways of coping with them takes a 
lot of time (relation management and creation of an open cooperation culture are crucial). 

PIC is very proud of their business and therefore also afraid of failing. 

Less system and domain knowledge at PIC 

Specific system knowledge within the medical domain is missing at PIC. Example: in case of 
system performance tests, the SW developers have to place an algorithm in the system (also 
called a phantom). For a realistic phantom these SW developers need specific system 

knowledge (to prevent useless tests). Currently the developers do not look at renewal of the 
system, they are more focused on the process of testing than on the actual purpose, which is 
effective testing that covers the whole system. Note that at this point the testing process in India 

is based on a simulation model. Test results will always differ from a test process with a real 
test machine. For instance, MR has a room full of development test machines, which do not 

simulate but give actual results. 

PIC cannot estimate whether the requirements are complete, especially regarding the desired 
state of the system. They are not able to give more meaning to the requirements. 
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PIC has limited number of persons with the required and suitable system knowledge. 

Business 

o There are mainly engineers working at PIC and just a few architects. Engineers 

especially have a component view, whereas architects usually have an overview of the 

system, they know how the component fits and acts within the whole system. 

o The healthcare system in India is behind, what makes it even harder for the engineers 

to get knowledge of medical domain on the same level as for instance in Europe. There 

are some hospitals in India with high-tech systems, but compared to Europe they are 

still on a lower level. 

The strategy of both parties is not clearly formulated. The policy of PMS top management 

where to go with PIC is missing. In the current situation some BUs are working with India out 

of own business purposes, a concrete PMS overall purpose is absent. Next to this, PIC does not 

know what they want in the future with regard to their role and competence building. 

Goal incongruence. Whereas PMS has a need for efficiency, PIC wants to deliver high quality 

work regardless of extra capacity utility. 

5.1.3 Causes lack of knowledge sharing due to PIC 

I presented my findings to PIC employees in India, and afterwards interviews are held in which 

attention is paid to the cooperation process, the required knowledge for PIC and the causes based on 

only interviews with PMS employees. It was interesting to hear that people from PIC acknowledge 

most of the described causes by PMS, but they did not agree with all the statements and additional 
points were mentioned. 

Causes are divided into the same three groups as in the former subsection. 

Culture 

PMS argues that PIC tends to wait long with communicating; PIC responded by reasoning that 

as part of the Indian culture junior developers normally do not easily say no, where juniors are 

not entitled to have a strong opinion. Besides this, juniors still want to strongly satisfy the 

customer, and they normally do not question what the customer wants; 

PMS is afraid to share competences and is unwilling to give up responsibility; PIC has to check 

every decision. This leads to a situation where PMS does not allow PIC to be part of the 

decision-making process. The projects are strictly controlled by PMS, which makes it even 

harder to be pro-active. This is conflicting with the need of PMS for a more pro-active attitude 

of PIC. The decision-making process also goes together with the lack of trust. The full trust 

from PMS is missing to let the PIC make their own decisions; PMS does not allow PIC to make 

mistakes and learn from them. In PIC's view, more responsibilities and freedom would 

encourage PIC to act more proactively; 

Also part of the culture is the lack of willingness of PMS architects to come to India. Currently 

there are more Indians coming to PMS than the other way around. During the process of tuning 

requirements, it is more useful that SW engineers from PIC come to PMS. PMS has the 

knowledge to formulate the right requirements, but in order to understand the underlying 

meaning it is good that a PIC employee talks with different PMS employees. But in case the 
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project is running, to increase the communication effectiveness and improving the system 
knowledge in a direct manner it can be useful when PMS employees more often go to India; 

Instead of appreciating the work, PIC has the feeling that PMS is often cautious. Do you really 
need documentation? Or another point, do you really need that much testing time? 

Being proud of own business is a positive point, whereas fear of failing sounds negative. PIC is 

not afraid to fail, but are indeed proud of what they are doing. 

Less system and domain knowledge at PIC 

PIC employees say that less system knowledge is not only due to the fact that the healthcare 
system in India is behind; 

PIC argues that there is limited documentation of the medical systems and components 

developed by PMS. This means that in case the PMS specialist is busy or hard to contact, the 
required knowledge for PIC employees is difficult to gather; 

Another aforementioned cause of the lack of system knowledge is that there are more engineers 
than architects within PIC. This is according to PMS partly due to the career trend to become a 

manager and a higher employee turnover. PIC argues that the cause for switching jobs is 
especially the expectation of the Indian society to climb up the career ladder; frequent 
promotions are aimed for. The situation where a PMS SW engineer is working for over 20 years 
on the same function is not common in India; 

SW performance aspect PMS: given the years that PMS is working on the medical systems, 

they do not reflect the knowledge with respect to SW performance. They are not able to give 

numbers how some particular SW should perform, compared to past tasks; 

No clear communication of, what PMS sees as, implicit requirements, what leads to a set of 

requirements that is subjected to changes throughout the project. 

Business 

Most PMS respondents argued that PIC employees are not pro-active and that this attitude is 
caused by the culture of PIC. In the interviews with the PIC employees, they recognized this 

comment, but they argue that instead of the cultural cause especially the strategy of PMS plays 
an important role here. At this point the strategy for PMS what to do with PIC is not clearly 
formulated; therefore it is still vague what the parties want with each other in the future . If the 

strategy would be clearer, PIC would be able to think more forward and a pro-active attitude is 

more likely to occur; 

Currently the expectation of PMS is that PIC has less system knowledge, PIC agrees upon this 

point but they are willing to gain more knowledge. ln order to build up the level of knowledge, 
PMS should advise PIC what knowledge they should gain. Where is PIC in the Philips world 

for PMS? What should their key role be? What knowledge could be disseminated from Best to 
Bangalore in the future? All these questions are asked before, but still PIC does not get a clear 

answer; 

PIC wants to be a partner of PMS Best, but currently PIC views PMS Best more as a customer. 
They feel they are not treated as one organization. Compared to the other PD's that have a lot of 
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focus for PIC, this does not reflect PMS Best. PIC argues they are an extension of Best, but 

instead of the process of contract management the focus has to be on intergroup management; 

The development managers from PIC complained that PMS is too busy with micro 

management; they need to have more confidence that PIC can handle for instance their own 

resource management. 

5.1.4 Validate information 

The incidents in 5.1.1 showed us that there is a knowledge sharing problem attached to the current 
situation of cooperation between PMS and PIC. This problem is a reality problem because multiple 
respondents indicated the same problem. In their lecture report, Van Aken et al. (2001) discuss 

quality criteria for knowledge obtained from research. The next step, after this exploration part of 
the problem, is therefore the empirical and theoretical validation of the causes. Empirically, the 
organization members may judge whether something is a cause of the problem selected, or not. A 
minimum level of intersubjectivity is required as well as reliability of the information. 
Intersubjectivity means that there is congruence between the subjective statements of the 
respondents, whereas reliability is a prerequisite for empirical validation. Theoretically, causes are 
validated when they are mentioned in reliable, valid literature. 

Empirical validation 

First, in order check the empirical validity of the information, the list of causes is presented to each 
respondent. Interesting were the causes that were not accepted by both parties. For instance, PMS 

argued that PIC is afraid of failing. PIC on the other hand, could not place this cause. In order to 
reach certain intersubjectivity among the different groups and to check the reliability of the 
information, only the causes that are positively judged by both PMS and PIC employees are 
considered empirically validated. 

Theoretical validation 

Second, in order to validate the causes with the use of literature, the causes are compared to the 
conceptual framework of Chapter 4. The result of this validation process is presented on the next 
page in Table 1. There are two causes that could not be linked to the literature. First 'the social 
economic culture of India and the expectations of society to become a manager', and second 'the 
healthcare system in India is behind'. These causes are PIC specific and could not be found in 
literature as knowledge sharing antecedents. 

Next to the problem and the causes, there are also effects attached to the problem. The effects are 
not discussed separately, but they are discovered during the interviews about the incidents and 
causes. For instance, the incidents where requirements were not communicated or interpreted 
completely in the beginning of the project led to extra work and rework later on in the project. The 
effects attached to this information are: delay of project and PMS needs more time for explaining to 

PIC. Two other effects are discovered during the interviews about causes. Namely, PIC misses the 
power to estimate the completeness of requirements and PIC does not have an effective test process. 
These effects are all characteristics of the problem, lack of sharing of requirements. The effects are 
checked with all the respondents and therefore empirically validated. 

The result of this validation process is a validated cause and effect diagram. In Figure 9 this diagram 

is presented. On the left-hand side the causes are included. The causes that could not be linked to 
the literature are included in the diagram because they are empirically validated. The respondents 
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argued that both causes negatively impact the problem. The rest of the causes are both validated 

empirically and theoretically, which makes this qualitative research reliable. The identified problem 

can be found in the middle column. Then finally on the right side the effects are absorbed. 

5.1.5 Conclusion cooperation PMS and PIC 

The main problem detected during the interviews is: 

"Lack of sharing of requirements between PMS and PIC 

which hampers the building of components" 

Which leads to the following effects: 

Both: confusion about requirements; 

Both: tuning of PIC & PMS SW developers is difficult; 

PMS: more time needed for explaining to PIC; 

Both: delay of projects; 

PIC: test process not effective, which leads to no interpretation of test results; 

PIC: useful capacity is lower than needed, leads to more people from PMS needed to 

compensate this capacity lack. 

These effects are inefficiencies that occur due to the detected problem. 

In order to attack these effects attention has to be paid to the causes. In this case there are two 

different groups of causes. On the one hand there are causes attached to strategic matters, the rest of 

the causes are conversely connected to operational issues. 

Given the timeline of this project and the fact that the basic problem is a knowledge sharing issue, 

dealing with the strategic causes is beyond the scope of this project. Operational problems are easier 

to reach and therefore extra attention will be paid to these types of causes. Examples of operational 

causes are: 

PMS: no clear communication of implicit requirements; 

PIC: especially developers with a component view instead of a system overview; 

PMS: lack of trust, does not allow PIC to be part of the decision-making process; 

PMS: lack of willingness of PMS architects to go to India. 

To tackle the causes on an operational level, extra information is needed on a project level. In this 

first part of the diagnostic phase, the cooperation between PMS and PIC is highlighted on a rather 

high organizational level. The second part of the diagnostic phase will therefore focus on knowledge 

sharing between PMS and PIC on a project level. 
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Knowledge sharing antecedents Causes from the diagram 
Tacitness (Moenaert et al., 2000) ■ PMS: limited documentation of medical systems and 

components 
■ PIC: less medical system knowledge 
■ PMS: no clear communication of implicit requirements 
■ Both: lack of sharing of system requirements 
■ Both: confusion about ways of formulating issues 

Motivation general (Van der Bij, 2003) ■ PMS: afraid to share competences and loose responsibility 
■ PMS: lack ofwillimmess of PMS architects to go to India 

Expected contribution to organizational goals ■ PMS senior management: strategy is not clearly defined 
(Ardichvili et al., 2003) ■ Both: goal incongruence 
Not-Invented-Here syndrome ■ Both: goal incongruence 

■ PMS: afraid to share competences and loose responsibility 
Absorptive capacity (Cohen&Levinthal, 1990) ■ PIC: less medical system knowledge 

■ Both: confusion about ways of formulating issues 
Trust (Mc. Evily et al., 2003) ■ PMS: afraid to share competences and lose responsibility 

■ PMS: lack of trust, does not allow PIC to be part of decision-
making process 

Common stock of basic knowledge (Szulanski, ■ Both: confusion about ways of formulating issues 
2000) 
Differences in knowledge (Galunic&Rodan, ■ PIC: less medical system knowledge 
1998) ■ Both: confusion about ways of formulating issues 

■ PMS: no clear communication of implicit requirements 
■ Both: lack of sharing of sharing requirements 

Physical proximity (Mc.Donough III et al., ■ Both: less good communication causes by distance 
2001) 
Congruence (Moenaert et al. 2000) ■ PMS: BUs work separately with India without an overall 

PMS purpose 
■ Both: goal incongruence 
■ PMS senior management: strategy is not clearly formulated 
■ Both: vagueness what each party wants with the other in the 

future 
Long-term orientation (Van der Bij et al., ■ PMS senior management: strategy is not clearly formulated 
2003) ■ Both: goal incongruence 

• Both: vagueness what each party wants with the other in the 
future 

'Positive' organizational norms (Moenaert et ■ PIC: do not take pro-active actions 
al. 2000) ■ PMS: afraid to share competences and lose responsibility 
Culture (Hofstede, 1994 and Weber&Camerer, ■ PIC: culture 
2003) • PIC: do not easily admit that they do not understand 

something 
• PIC: think in a process oriented way 
• PIC: tend to wait long with communicating 

" PMS: culture 
• PMS: limited documentation of systems and components 
a PMS: afraid to share competences and lose responsibility 
• PMS: lack of willingness of PMS architects to go to India 

Personal movement (Song et al., 2003) " PMS: lack of willingness of PMS architects to go to India 

Table I: linking theo,y to practice 
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5.2 Project Level 

As aforementioned, the third level and also the lowest aggregation level that will be investigated is 

knowledge sharing between PMS and PIC from a project level point of view. Bottlenecks can be 
allocated to projects per project phase. The idea behind this approach is that in case most 
bottlenecks occur during the implementation phase and this phase is characterized by minimal 
direct contact, a recommendation could be to add an extra contact moment in this phase. But the 

other way around should also be taken into account. Suppose most bottlenecks occur in the 
requirements phase and during this phase both parties have intensive direct contact. In this case the 

nature of the contact has to be investigated. An example of such a situation: the cooperation 
between PIC and PMS is not optimal, even though a PIC engineer is working in Best. In this case 
attention has to be paid to the kind of contact. Next to the focus per phase, attention has to be paid 
to the interdependency between phases. A bottleneck in phase 2 could be effecting phases 3 or 4. 
What are the effects of these bottlenecks for the remaining project phases? Logically, what is the 
cause for the bottleneck in phase 2? The cause can be in phase 1 or perhaps even before the project 

started. 

First the project phases as used by the BUs are defined in 5.2.1. Second in 5.2.2 the bottlenecks are 
discussed per project phase. In 5.2.3 the term 'implicit requirements' is highlighted, whereas in 
subsection 5.2.4 the bottlenecks are divided into two problem areas in order to structure all the 
information. Finally in 5.2.5 a conclusion of this diagnostic phase is composed. 

5.2.1 Project phases 

Interviews are held with employees from MR, MIT and CV whom have contact with PIC. These 

interviews are used to identify the phases of a project where both PMS and PIC are involved in. 
The BUs merely use the same steps, and therefore the project phases followed by MR will be used 
as an example in this section. 

Project 
definition 

Requirements 

PIC 
Requirements 
engineer in 
Best 
approximately 
4 weeks 

Design Implementation 

Figure I 0: Proj ect steps proj ect PMS MR and PIC 
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Project definition 

Via an interactive process between the group leader of MR and the PIC program manager both 
parties investigate whether the knowledge supply at PIC corresponds with the project demand from 

MR. If this is the case, MR writes a document in which briefly the demand and the place of the 
project in relation to the master project are included. Besides this interactive process, this phase is 
especially characterized by documentation from both sides. 

Requirements phase 

This phase is characterized by intensive direct contact between both parties. A PIC requirements 

engineer works in Best for approximately 4 weeks during this phase. The phase starts with 
individual work of the PIC requirements engineer. After some progress there regularly will be 
discussions between the PIC engineer and the Team Leader, SW designer, the applications specialist 

and other interested parties from MR about the requirements. The result of these discussions will be 

a draft version of the requirements specifications. This draft version is brought back to PIC and is 
completed by means of a team review. This version is then again reviewed by MR, and possibly 
some rework is done by PIC. 

Design phase 

PIC engineers execute the design in India. During this phase there is relatively little contact between 

both parties. However, there is for instance contact on the topic of reuse of code and there is a 
weekly or biweekly Telco between the TL about the progress of the project. MR reviews the design 
document that is composed by PIC, and a set oftest cases may be defined, but this is not common. 

Implementation phase 

PIC develops the code and at the end the code is delivered to MR. The team leaders have a biweekly 

Telco, where the progress of the project is mainly discussed. If there is need for a technical 
discussion, this has to be proposed explicitly. 

Test phase 

The testing of the units is executed by PIC locally. They spend a lot of time on testing because they 

want to discover as many bugs as possible. During this phase there is contact via a weekly or 
biweekly Telco between the team leaders. After the test process the test rapport is given to MR. 

Integration phase 

In the integration phase the PIC component is integrated into the MR system. During this phase, a 
PIC test engineer goes to Best. Each bottleneck can be solved more quickly because all the parties 

involved are closely working together. This phase is thus distinguished by intensive direct contact. 

Acceptation phase 

The integration phase and the acceptation phase are closely related. During the acceptation phase, 

MR and PIC together define test cases and test the system. 

Maintenance phase 

PIC starts with this phase (pre-release maintenance phase), and in the field of their component they 
normally solve all problems that arise before and during the alpha and beta testing. MR pays close 

attention in order to learn from PIC here. After a while MR will take care of the maintenance 
process (post-release maintenance phase), by then MR is fully responsible. 
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5.2.2 Bottlenecks per phase 

In order to deliver a generalized set of bottlenecks, employees from MR, MIP as well as PIC are 
asked for examples of bottlenecks per project phase. The problem discovered in the diagnostic 

phase, 'lack of sharing ofrequirements which hampers building of components' served as a starting 
point for these interviews. At first employees from CV and CIS were also asked for their input on 
this matter. After some interviews it became clear both BUs worked with PIC on a smaller scale 
than MR and MIP. From this point on only information gathered at the BUs MR and MIP and their 

counterparts at PIC will be included in the research. 

Requirements phase 

The PMS BUs do not know in detail what they want. This results in an incomplete set of 
requirements; 

PMS and PIC have different expectations about the level of detail. For the interviewed PMS 
BUs it is easier to communicate on a higher level about requirements, while PIC argues that too 
abstract requirements lead to implicit requirements from PMS. For PIC implicit requirements 

are difficult to discover, due to a lower level of system knowledge at their side; 

A requirements engineer of PIC is responsible for the documentation of requirements. In this 
process, the knowledge is transferred from an individual mind to a document. To make 
individual knowledge explicit, implicit knowledge has to be transformed into an explicit format. 
Besides the implicit requirements from the BUs, also the requirements engineer from PIC could 
be a cause for having these unspoken requirements; 

System requirements are not being shared, but instead specs are only written for SW 
components; 

Due to a lack of system and domain knowledge the power to estimate the completeness of 
requirements is missing at PIC; 

The reviewing is done without cooperation with persons whom have responsibility for other 

interacting components. Especially contact with those interacting components groups with 
mutually interdependencies can be of interest for PIC. 

Design phase 

The implicit requirements appear in this phase, which lead to extra work or rework; 

The engineers at PIC are focused on developing components. Currently it is difficult for the PIC 
engineers to indicate how the component fits into the whole system. 

Implementation phase 

The implicit requirements appear in this phase, which lead to extra work or rework. A general 
comment here is the later in the project these implicit requirements are discovered the more 
money and effort it will cost to recover them. Especially in the beginning of a project, the 
component is still touchable and just a few persons have responsibility. Later on in the project, 

when the code of a component is being implemented or even integrated in the system, much 
more persons are involved. Next to that, the complexity of solving problems will decrease the 
sooner they are detected and tackled; 
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PIC wants to deliver the code after they have tested it intensively, while BUs sometimes prefer 

to pre-review the code even when it is not fully tested. Pre-reviews build in an extra learning 
loop and checkpoint. 

Test phase 

Both parties have a different purpose in this phase. PIC is busy with testing throughout the 

process, meaning also active with testing during the implementation phase to discover as many 
bugs as possible. On the contrary, BUs mainly test during the test phase, to find as many bugs 
within an efficient timeframe. Note that this testing happens on different levels, which explains 
the differences in test strategies. 

Integration phase 

Bottlenecks that occur during the integration of the PIC component into the PMS system have 

to be solved this late in the process. The PIC component is optimized on a component level. 
Both parties argue that such bottlenecks occur frequently. Concluding, in the current situation 

PIC and PMS do not pay enough attention to the integration of the PIC component with other 
components and next to that, the question how the component acts in relation to the other 
components cannot be properly answered; 

As mentioned before at the requirements phase, the system requirements are not being shared. 

This hampers the building of components and the integration process, because optimizing the 
design of a component doesn't automatically means optimizing a system. 

5.2.3 Implicit requirements 

In the bottleneck section, for the first time the term 'implicit requirements' is used. In this 

subsection extra attention is paid to this term and its implications for these two BUs in the current 
situation. The system requirement specifications (SRS) are formulated based on the customer 

requirements. While the BUs use different formulations for these SRS, extra explanation is needed 

to understand the difference. 

For MR the customers communicate their requirements to the Application department. Application 
translates these requirements into rough requirements for MR. The next step for MR is to make 
system requirements out of these rough requirements. The system requirements consist of multiple 
components (units) and PIC gets the roughly formulated unit requirements from MR. PIC is 

responsible for formulating the detailed unit requirements specifications (URS). The customer 
requirements can change until the system requirements specifications are finalized. After this point 
in the project, the only way the customer requirements can change is via a change request, this is a 

formal process. Even though the system requirements specifications are finalized these 
requirements are still subjected to changes. These changes are not due to customer requirements 
changes, but are especially caused by implicit requirements, which aren't fully communicated. 

These implicit requirements can occur throughout the whole project. 

Where MR formulates SRS's, MIP on the other hand writes product requirements specifications 
(PRS) because they actually do not develop a whole system, but a medical imaging part that fits in 
for instance a MR system. The requirements process starts with customer requirements that are 

written by the architect of the 'customers' (the customers of MIP are in fact the other PMS BUs). 

The product requirements are partly written in Best and partly in India, depending on the deviation 
of the product. After finalizing the PRS's, the next phase is formulating the URS, where PIC is 
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responsible for writing their part. During the URS's formulation, the customer requirements only 

can change via a formal change request, meaning these requirements won't be dynamically 

changing. But, as aforementioned, after the product requirements specifications are formulated and 

finalized, implicit requirements can still appear. 

5.2.4 Problem areas 

The bottlenecks identified at the BUs during the different project phases can be divided into two 

problem areas, namely implicit requirements and late involvement in the integration due to 

returning issues on these particular areas. These problem areas form the basis for the improvement 

proposals. The terms implicit requirements and late integration involvement and their bottlenecks 

will first be discussed separately, and they will be linked later to highlight the complementary 

relation by means of a third problem area, learning loop. 

Implicit requirements 

Requirements that are liable to changes make the development process more difficult. Currently 

there are reproaches from both parties. PMS argues that PIC is working too structured, and in case 

of changing requirements it is difficult to work in a structured way. PIC reasons that PMS is not 

able to communicate requirements clearly and more complete to them. In course of this document 

we refer to changing requirements as implicit requirements. The implicit requirements mostly occur 

during the design and implementation phase due to the respondents. The later these implicit 

requirements occur, the more money and effort it will cost to recover them. Implicit requirements 
are caused by: 

No 100 % coverage of requirements: PIC argues that the PMS BUs do not know in detail what 

they want. Especially the performance requirements are difficult to formulate. This lack of 

communication of performance requirements results in an incomplete set of requirements that 
are subjected to changes. A remark here is the fact that all respondents argued that in this area 

requirements are often uncertain, but they acknowledge that it is important to pay close 

attention to this aspect during the project steps. A structured project makes it more difficult to 

pay attention to the implicit requirements and the other way around in order to optimize a 

structured project the requirements should be more clearly and more complete formulated; 

The different levels of detail in requirements communication lead to implicit requirements: both 

parties have different expectations about the level of detail. For the BUs it is easier to 

communicate on a higher level about requirements, while PIC argues that too abstract 

requirements lead to implicit requirements from the BUs. For PIC implicit requirements are 

difficult to discover, due to a lower level of system knowledge; 

Individual transfer of knowledge that leads to implicit requirements: a requirements engineer of 

PIC is responsible for the documentation of requirements. In this process, the knowledge is 

transferred from an individual mind to a document. To make individual knowledge explicit, 

implicit knowledge has to be transformed into an explicit format. The requirements engineer 

from PIC could be a source for having these unspoken requirements. 

late involvement in the integration 

In the requirements phase no specific attention is paid to the integration phase, meaning in the 

requirements phase the focus is on component level whereas the integration phase is characterized 

by a focus on system level. Bottlenecks are: 
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Formulating and reviewing of requirements during the requirements phase is done without 
cooperation with persons whom have responsibility for other interacting components. These 

interacting components will be integrated later on in the integration phase; 

The system requirements are not being shared in the requirements phase. This results in a 
situation where the engineers at PIC are merely focused on developing components. Currently it 
is difficult for the PIC engineers to indicate how the component fits into the whole system. This 

hampers the building of components and therefore the integration process, because optimizing 
the design of a component doesn't automatically means optimizing a system. Paying more 

attention to the system and the place of the component within the system will improve the 

integration. The respondents share this thought; 

Both parties have a different purpose in the test phase. PIC is busy with testing throughout the 

process, meaning they are also active with testing during the implementation phase to discover 
as many bugs as early as possible. On the contrary, BUs mainly test during the test phase, to 
find as many bugs within an efficient timeframe. 

Learning loop 

Even though the parties are working together for quite some years, based on the aforementioned 

bottlenecks and problem areas the conclusion that not enough learning takes place can be made. In 
order to optimize the integration and the requirements phase and their complementary relation, there 

should more learning loops be embedded into the process. Which bottlenecks hinder this learning 
loop principle? 

During the requirements phase and the test phase usually different engineers from PIC have 

responsibility to work at PMS. This indicates that no direct learning takes place among these 
engineers. Knowledge acquired during the integration phase on a component level or 
integration level can be of importance for the next requirements phase, since decisions in the 

requirements phase have influence on the integration phase. This also means that knowledge 
acquired during the requirements phase can act as learning material for the integration phase; 

The power to estimate the completeness of requirements and the system view is missing at PIC 
due to a lower level of system knowledge. These are reoccurring bottlenecks, and point out the 
need for a learning loop to learn from these bottlenecks; 

In general, the parties involved operate on a great distance of each other and have own ways of 
working due to cultural differences. Both points make the learning loop principle even more 
vulnerable. 
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5.2.5 Conclusion diagnosis 

The problem discovered in the first part of this chapter was: 

"Lack of sharing of requirements between PMS and PIC 

which hampers the building of components" 

TU/e 

After the interviews in the second part of the diagnostic phase, more information about component 

requirements, system requirements and difficulties during the integration phase came to the surface. 

Therefore a final, more specific, problem definition is needed. The revised problem definition is: 

"Lack of sharing of component and system requirements between PMS and PIC what hampers 
the building and integration of components" 

Concluding this diagnostic phase, the diagnosis of the research on knowledge sharing between PMS 

and PIC can be formulated: 

In the current situation there is a lack of sharing of component and system requirements between 
PMS and PIC. 
First, system requirements are not shared with PIC. The stories from the respondents shed light 
on the integration difficulties both parties are facing. The situation where PIC engineers have 
difficulties with understanding how their component fits into the whole system and how it 
interacts with other components, is caused by: a lack of communication on system level in the 
requirements phase between different interacting component groups what makes bridging the 
system knowledge gap of PIC much more difficult. This leads to integration delays due to 
rework. Rework is needed in order to reach the quality standards of the systems concerning 
customer demand. 
Second, the component requirements are incompletely shared. This is due to the difference in 
knowledge levels and both parties have different expectations about the required level of detail of 
the requirements. These causes lead to the occurrence of implicit requirements. These 
requirements seem to be a common part of the projects discussed and they regularly occur during 
later stages in the project. This causes extra work or rework for both parties, which leads to delay 
of projects. Next to this, the fact that both parties have face-to-face contact moments during the 
requirements and integration phase without direct contact/feedback moments between these 
phases also hampers the possibility for quick discovery of implicit requirements. In general, the 
later implicit requirements are discovered in the project, the more money is will cost to recover 
these inconsistencies. 
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Chapter6 Improvement Phase 

6.1 

This improvement phase starts in section 6.1 with ideas for improvements coming from three 

sources, namely the diagnostic phase, literature and discussions with experts. Section 6.1 ends with 

the criteria that the improvement proposals should meet. In section 6.2, short-term improvement 
proposals are presented, whereas in section 6.3 the long-term improvement proposals are discussed. 

Sources for Improvement Proposals 

Diagnostic Phase 

First, at the end of the diagnostic phase the most important problems regarding knowledge sharing 

were highlighted, on the one hand the lack of sharing of component requirements and on the other 

hand the lack of sharing of system requirements. 
In the current situation, system requirements are not being shared. PIC has no contact with other 

interacting component groups of PMS. A suggestion here is build in an extra contact moment of 

PIC with other PMS component groups. PIC can learn more about the system by discussing with 

these other groups. Another way to increase the system knowledge at PIC side is by means of job 

rotation. Job rotation gives the engineers the change to learn more about the system in total and its 

interacting components. 

On a component level, both parties have face-to-face contact during the requirements and the 

integration phase. The design and implementation phase are acknowledged by relatively little 

contact. More contact during these faces will improve the discovery of implicit requirements earlier 

in the project. Finally, the interviews shed light on the fact that usually during the requirements 

phase and the integration phase different engineers from PIC are coming to Best. In order to learn 
from difficulties during both phases, these engineers should more often directly communicate with 

each other. From the literature can be argued that specialist knowledge, which is often tacit, is 

difficult to communicate. A recommendation about jointly visits from these engineers to Best can be 

made. 

Literature 

Second, in the literature useful information that can be applied to the improvement proposals is 

found. In the current situation there are a few face-to-face moments during a project, normally 

during the requirements phase and the integration phase. In Chapter 4 attention is paid to knowledge 

sharing antecedents, and as can be concluded knowledge sharing is improved by, for instance, 

intensive direct contact between team members. Co-located teams perform significantly better than 

virtual and global teams due to less behavioural and project management problems of co-located 

teams, which enhances the quality of communication, the interpersonal relationships and the level of 

project agreement (McDonough III, 2001). Van der Bij et al. (2003) found that co-location ofR&D 

personnel has a positive influence on the level of knowledge dissemination. 

Another knowledge antecedent is job rotation, in the literature called personal movement. Argote 

(2003) pays attention to personal movement. She refers to an article by Song et al. (2003); they 

argue that personal movement across organizations or organizational units also increases the 

opportunity for one unit to learn from another. The article of Tyre and Von Hippe! (I 997), whom 

argue that observation is an effective way to increase understanding of another person's tasks, 
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enforces this. Furthermore, Nadler et al. (2003) also discuss advantages of observation, e.g. 

transferring tacit knowledge. 
Finally, a new improvement idea is found in an article of Nonaka (1994). He argues that prototypes 
provide a good mechanism for recognizing the maximum level of information with a minimum of 
energy. This argument leads to the idea to use prototypes to discover implicit requirements. 

Discussions with experts 

Then finally, during discussions with experts, the attention points of the diagnostic phase as well as 

the insights from literature are communicated, opinions and suggestions were asked for. To improve 
the system knowledge at PIC side, two suggestions were made. First, the BUs can make a computer 
model of the system to visualize the system at an early stage. Second, involving PIC earlier in the 

project will improve their understanding of the requirements especially concerning system 
requirements. Meetings with other component groups will increase the visibility on system level for 
PIC and enlargement of their system knowledge can be reached. Both the suggestions help PIC to 
gain more understanding on how their component fits into the system and the interdependencies will 
become clearer. Then, in order to discover implicit requirements sooner in the project, prototypes of 

both components and systems can be used in the beginning, but also later on in the project. Besides 
that, interdependencies can be checked earlier in the project and implicit requirements are easier to 
recognize. Note that prototypes will especially be of help when the outcomes are discussed face-to
face. Therefore a combination of prototyping and face-to-face contacts increases the benefits. 

The underlying argument to tackle the implicit requirements bottleneck is, the later in the project 
inconsistencies are discovered, the more money it will cost to recover them. As mentioned before, 

especially in the beginning of a project, the component is still touchable and just a few persons have 
responsibility. Later on in the project, when a component is integrated, much more persons are 
involved. Next to that, the complexity of solving problems will decrease the sooner they are 
detected and tackled. 

Three other point of attention mentioned by experts are: a PMS specialist can act as an advisor at 

PIC. Questions on systems, place of the component in the system, ways of working at PMS can be 
answered in a direct manner. Face-to-face contact intensifies the quality of the knowledge transfer. 
Second, to improve the ability to learn from past projects a checklist in which implicit requirements 

and other bottlenecks are included can help in future projects. Finally, an evaluation meeting should 
be held after each project. Only by discussing the problems and obstacles face-to-face will help in 
improving the future projects. 

Conclusion 

The improvement proposals should at least meet the following criteria: 

The improvements should tackle the discovered problem of the diagnostic phase (lack of 
sharing of component and system requirements) in order to deal with or solve the effects. The 
causes detected should be taken into consideration; 
The proposals should, consistent with the demand of the company coaches, be split into short
term and long-term changes. The short-term changes should be implemented quite easily and 
therefore a quick-win situation is aimed for; 

The information from the sources discussed in this section should be used as guidance. 

These criteria should be kept in mind in next sections, where the actual improvement proposals are 
presented. 
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Improvement Proposals Short-Term 

The main purpose of the short-term changes is to move from reactive engineering to proactiveness 

by means of implementing short feedback loops. These loops support the possibility to get hold of 

implicit requirements already in the beginning of the project and improve the integration process. 

The changes are divided in two levels, namely a system level and a component level. In Figure 11 , 

the renewed project phases are displayed. The terms in blue are new, as well as the arrows. 

Project System Prototyping 
definition Requirements System Design Implementation Test Integration 

I I 

• • • • • • I 
I 
I 
I 
I 
I __ __ J 

(I) (2) Discussions with/ (3a) Define (4a) Test (5a) Define (6a) Test 

Visuali ze between component test scope for prototype test scope results so 

system and groups on: prototype for far 

place of - Interdependencies local and interacting 

component - Place of global components 

components wi thin interacting 

system components 

- Performance 
requirements system 
and components 
independently 
- Using checklist 

Project Component Prototyping 
defini tion Requirements Component Design Implementation Test Integration 

Component 

I I Level 

• • • • 
(3b) Define (4b) Test (5b) Define (6b) Test 
test scope prototype test scope resu Its so far 
for prototype for 
component component 

Figure ! I : Project phases component and system level 
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The improvements are ordered in a chronologically order that follows the different project phases as 
presented in Figure 11. The improvements on system level and component level are discussed 
collectively. This section ends with an additional improvement in the field of job rotation. 

"Make a computer model of the system in the project definition phase 
to support PIC to visualize their component in the system" 

It is possible to develop a computer model of the system to visualize the system this early in the 
process, while the customer's requirements are finalized in this phase. Not all situations need a 
complete visualized version of the system, but especially in case of new or complex components, a 
visualized version of the system can help PIC to improve their system knowledge and their 

understanding of the integration of their component with other components, see Figure 11 (1). 
Deliberation about visualizing or not depends on the risk that a project is facing and on the costs of 
developing a model compared to the potential rework costs later on in the project. The benefits of a 
complete visualization must counterbalance these potential costs. Therefore, both parties should 

carefully consider the need for such a model in the beginning of each project. 

"Form discussion groups with and between interacting component groups" 

In the current situation, the requirements for the PIC components are communicated on a 
component level. It is difficult for the PIC engineers to understand how the components fit into the 

whole system and where possible difficulties or criticalities may be. This is partly due to the fact 
that the system requirements are not being shared in the requirements phase. In the interviews the 
respondents argued that this lack of sharing hampers the building of components and the integration 

process, because optimizing the design of a component does not automatically means optimization 
of the system. In order to increase PIC's level of system knowledge and to gain more understanding 

on how their component should function independently as well as integrated into the system, PIC 
should be more involved in the system architecture. Meaning, the component requirements 
specifications should be formulated in conformance with the system requirements specifications. 
More clarity on what the components should deliver is needed. To reach such an understanding, 

more communication between different but integrated component groups is desirable, Figure 11 (2). 
Such a discussion group should be formed regarding the interdependencies of the PIC component 
with other system components. A PMS system architect must be made responsible to decide upon 

the formation of this group. In the beginning of the requirements phase the interacting components 
groups should discuss the following topics: 

What are the interdependencies between the various components? 
What is the place of each of the components within the system? 
What are the performance requirements of the components independently as well as 

integrated? System performance requirements should also reflect component performance 
requirements. 
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"Include an extra phase in the project after the requirements phase: 
prototyping phase" 

TU/e 

In the current situation PIC engineers are only working face-to-face with their PMS counterparts in 

the requirements phase and the integration phase. The requirements specifications are formulated 
commonly but are disjointedly reviewed by both parties. This reviewing part is executed based on 

documents and not on some kind of example of the concerned component. Implicit requirements 

mostly occur during later stages, especially during the design and implementation phase. To identify 
implicit requirements earlier in the process, already at the end of the requirements phase a prototype 

should be made to discover the comprehensiveness of the requirements and to check their 
interpretations of these. Next to identifying implicit requirements a prototype can also be used to 
improve the visibility of the position and interdependencies of the components in the system. 

Therefore, prototypes should be made on both system and component level. 

Nonaka (1994) argues that prototypes provide a mechanism for recognizing the maximum level of 
information with a minimum of energy. In SW it is quite difficult to make a prototype early in the 
project, because the functionality will only be developed much later in the project. But it is possible 

to make a Dummy or a User Interface model. A Dummy model reflects the functionality component 

with only the required inputs and outputs; it refrains from the actual functionality of the component. 
A User Interface model can be used especially in case the component is in direct contact with the 

end user. For instance a User Interface model can reflect the required user keys or keyboard inputs. 
The actual functionality is developed at a later stage. From this moment on the term prototype will 
be used to refer to Dummy or User Interface models. 

Interviews with three persons with experience in the field of prototyping are held in order to check 

if the proposed prototypes are possible to implement. They all agreed with my proposed changes 
and recognized the problems concerning implicit requirements. But important to note is that these 

prototypes will address some of the implicit requirements, but not all given the complex structure of 

the SW of the complex PMS systems. Next to this, in case of components it is still difficult to 
formulate the complete set of performance requirements this soon in the project since the 
performance of a system is depending on all these components separately and integrated. 

Concluding, although these drawbacks are present, component and system prototypes help to 
discover implicit requirements and improving the integration process. A component prototype 

should be used to check PIC's interpretation and completeness of the requirements. A system 
prototype is necessary to improve the system knowledge at PIC side. They need more clarity on 
how their component fits into the system and how it interacts with other components. 

"Formulate test strategies during the requirements phase 
in order to check the prototypes properly" 

On a system level, in order to check how the component works in the system, a test strategy has to 
be formulated already during the requirements phase (3a). This strategy should be in conformance 

with the performance goals of the system, the goals that the components should deliver after they 
are integrated. Examples of performance goals are for instance the amount of memory or time 
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available for that particular component with regard to the goals of the system. The actual 

functionality is not taken into account here, only foreseen output and requirements are checked. 
On a component level, the test has to be specified in a way that reflects the required output of the 
individual components (3b ). The test has to be formulated in a way that increases the possibility to 
detect implicit requirements. 

"Test the prototypes" 

The actual tests should be executed after the prototyping phase. Results from tests (4a) and (4b) 
have to be combined in order to recognize misinterpretations and incompleteness of component 
requirements, and the influence these inconsistencies have on the system requirements. Next to this, 
the interdependencies of the integrating components can be checked and here again inconsistencies 
can be discovered quite early in the project. During this test moment, dialogue between both parties 

plays an important role. Dialogue, in the form of face-to-face communication between PIC and 

PMS, is defined as a process in which one builds concepts in cooperation. But it also provides the 
opportunity for one's hypothesis or assumption to be tested (Nonaka, 1994). By means of face-to
face communication the implicit requirements could be more easily discovered. Therefore, 
prototypes should be reviewed in joint discussion. This way an increase of the detection of implicit 
requirements and improvement of the prototype is possible. 

"Define initial integration test strategies during the implementation phase" 

On a system level, to improve the integration process already during the implementation phase an 

initial integration test should be executed. A test has to be formulated that covers the 
interdependencies and the link between system performance requirements and the required output 
per component (5a). 

On a component level , in order to allow PIC to check their interpretations of the requirements again 
and to improve the chance of identifying implicit requirements, the use of a prototype model with an 
extra direct contact moment to test this prototype is recommended in the implementation phase. A 

test has to be defined with which the functionality so far can be tested as well as the required output 
(5b). 

"Test component functionalities and initial integration 
halfway the implementation phase" 

Again both test results should be combined ((6a) and (6b)) in order to discover inconsistencies on a 
component level and as well as on a system level. The tests have to be executed before the end of 
the implementation phase. In this way, possible implicit requirements or integration difficulties can 
still be changed and implemented into the component. 
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"Send a system expert from PMS to India in the role of advisor" 

In the current situation PIC has less system knowledge. Gathering more knowledge will take time, 
but in order to bridge the gap temporarily a system expert of PMS can act as an advisor answering 
questions where needed. Next to bridging the knowledge gap an advisor can also strengthen the 
cooperation ties. Given the project phases and the current face-to-face contact moments, the PMS 
expert is especially needed during the design and the implementation phase. 

Improvement Proposals Long-Term 

The purpose of the long-term changes is to improve the current process in the long run. The short
term changes will eventually effect the long-term positively, but there are other possible changes 

that will not have a result right away. 

"Improve transfer of system knowledge by means of job rotation 
and use of the dual ladder" 

In order to improve the level of system knowledge at PIC rotation of employees from PIC as well as 
from PMS is recommended. Job rotation or personnel movement is a knowledge-sharing antecedent 
mentioned by Argote (2003). She refers to an article by Song et al. (2003); they argue that personnel 

movement across organizations or organizational units also increases the opportunity for one unit to 
learn from another. Before the job rotation improvements are discussed, first the dual ladder 

phenomenon has to be highlighted. 

Dual ladder 

While discussing employee development plans for within PMS, I discovered two career ladders. 

First the management career ladder and second the technical career ladder. These ladders are quite 
different and have distinct purposes. The management career ladder focuses on the personal 
development from, in case of PMS, engineers to managers. This management ladder is fully 

recognized by PIC, while the Indian society expects engineers to climb up this management ladder 
as quick as possible and therefore frequent promotions are aimed for. This leads to a situation where 
technical specialists switch to non-technical jobs quite often. In the Netherlands this ladder is also 

present but within PMS the second career ladder, the technical ladder, can also be recognized. The 
technical ladder is aimed to improve the number of specialists in a certain area and to reach 

continuity in the engineering ranks. Within a technical environment, the technical ladder is as 

important as the management ladder with the technical architect position located at the top of the 
technical ladder. The top of the technical ladder is a worthy and respected goal for a technologist. 

Using the technical ladder will improve the continuity of specialists' knowledge. 

PJC ➔ PMS 

An engineer from PIC can learn a lot more about the system they are developing components for by 

actually seeing the system in development and operation and the position of the component in the 
system. To stimulate longer-term visits from PIC to PMS, a training plan with a compulsory visit is 

needed. In order to link this training plan to a technical development plan for specialists, the 

technical ladder can be used as a development plan mechanism. 
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To improve the specialist knowledge at PIC and to retain the engineers and architects, the technical 

ladder should be implemented even though the social economic Indian culture focuses much more 

on the managerial one. Making people motivated for increasing their specialist knowledge, in this 

case medical system knowledge, and showing them the added value for their personal development 

as well as the company development, will increase the willingness to climb up the technical ladder 

instead of the managerial ladder. Referring to a training plan, motivating the PIC employees to gain 

more system knowledge and rewarding them with a higher rank on the technical ladder can be 

linked to a compulsory long-term visit to PMS. 

PMS ➔ PIC 

Referring to the aforementioned managerial ladder, in order to improve the cooperation between 

PMS and PIC an extra step on this particular ladder can be included to increase the culture 

awareness and the knowledge transfer from PMS to PIC. Cooperating with a foreign culture brings 

extra challenges and learning points, which should not be underestimated. The technical ladder is 

highlighted in order to increase the system knowledge at PIC side structurally. The other way 

around, moving a PMS employee to PIC won't automatically increase the system knowledge at PIC 

side. The PMS employee can act as an advisor as mentioned before at the short-term improvement 

proposals. Next to this advisor role, the PMS employee should focus on increasing the 

understanding between both parties, bridging the cultural differences and connect their different 

ways of working. Observing users in their normal work environments can enable managers or 

experts to develop a rich, contextualized appreciation of the issues that users describe. (Tyre and 

Von Hippe), 1997). If PMS wants to increase the cooperation with PIC in the future, an extra 

compulsory step on the managerial ladder helps increasing this understanding. The duration of the 

visit can be questioned, but at least a few months are recommendable. 

Extra literature on job rotation benefits 

The term visit is connected to the issue of observation, which is discussed in the literature. Tacit 

knowledge, or knowledge that is difficult to articulate, is more challenging to transfer than explicit 

knowledge (Nonaka, 1994) and is best transferred through rich communication media such as 

observation rather than through more explicit media (Nadler et al. 2003). Nadler et al. argue that 

instead of accumulating knowledge directly, which is difficult in case of tacit knowledge, an 

individual accumulates knowledge by watching another person perform a task. They also discuss 

that experience in observing someone performing a task is more beneficial for subsequent 

performance than other types of experience, such as acquired through classroom training. 

Experienced individuals acquire by observing someone perform a task provides opportunities for 

them to acquire tacit as well as explicit knowledge (Nonaka, 1994). 

"Leaming loop requirements engineer and integration engineer PIC" 

During the requirements phase a requirements engineer from PIC is working in Best for a few 

weeks. This engineer is specialized in formulating requirements. In the integration phase, a test 

engineer from PIC is traveling to Best, because especially during the integration phase it is 

necessary that all interdependent component groups are present in order to solve integration 

difficulties more rapidly. The main question here is, do these different engineers learn from each 

other? Above all they are working within the same group in PIC, but as noted earlier by Nonaka, 

tacit specialized knowledge is hard to communicate. The requirements engineer faces other 
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difficulties than the test engineer. To learn from eachother and from the obstacles the project is 

facing, more direct cooperation between both engineers is recommended. During the requirements 
phase already attention has to be paid to the integration phase, while during the integration phase a 
requirements engineer can learn about difficulties that arise. These difficulties should be kept in 

mind until the next project. In case of difficulties that can be linked to requirements, these should be 

used as input for the next requirements phase. 
To communicate these difficulties and learning points as comprehensively as possible, face to face 

dialogues are recommended and preferably dialogues supported by visualized versions of on the one 
hand the requirements or on the other hand integration models or the whole system. For instance, 
during the integation phase a requirements engineer should be part of the process to get more 

feeling for the obstacles and to be able to use that knowledge during the next requirements phase. 

"Make a checklist and revise it after every project" 

The BUs have difficulties with communicating the requirements as comprehensive as possible, and 
in particular the performance requirements are difficult to communicate explicitly. For PMS the 

learning loop is difficult in the current situation, meaning implicit requirements are still occurring 

even though the years of experience at their side. The same applies for PIC. To solve this recurring 
problem, a checklist for formulating requirements more completely is recommended. At the same 
time for this checklist will increase the comprehensiveness of the tests during the requirements 
phase and the implementation phase ( only in case prototypes are used). A checklist to improve the 

process of formulating requirements will contain those implicit requirements that have been 
discovered in former projects. A checklist is an easy adaptive tool for both parties. Construction of 

checklists will start at PIC. After some progress a PMS architect should be involved in order to 
allow PMS also to learn from past experiences. A checklist will work only if it is reviewed again 

after each collective project. 

"Evaluate" 

The learning loop as well as the checklist will only be effective in case both parties evaluate every 
project. During an extra evaluation meeting at the end of each project, all bottlenecks and detected 

problems should be discussed face to face and divided into project phases. In this way, both parties 

will be able to learn from past experience and the learning loop and the checklist will be used in an 
optimal way. 
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Chapter 7 Conclusions and Recommendations 

7.1 

This chapter presents the conclusions and recommendations of the assignment as defined in Section 

3.4.3. The main conclusions are summarized, my recommendations are given and suggestions for 

further research are made. 

Conclusions 

This section discusses the overall conclusions about knowledge sharing between PIC and PMS. 

These conclusions must be read in view of the assignment formulated here below: 

"Analyze the current situation with regard to knowledge sharing 
in the area of SW development between PMS and PIC. 

Identify problems, causes and effects considering knowledge sharing. 
Propose improvements to tackle the effects" 

This assignment as well as the conclusions can be split up into four separate parts. 

I. Problem 

There is a knowledge sharing problem attached to the cooperation of PMS and PIC. Currently there 
is a lack of sharing of components and systems requirements which hampers the building and the 

integration of components. 

2. Causes 

The causes are divided into operational and strategic causes. Given the scope of this research 

project, the operational causes form the basis for the improvement phase. With operational level is 
meant, optimization of the current situation on a project level. 

The problem is split up in lack of sharing of component requirements and lack of sharing of system 

requirements. The causes for the first part of the problem are the difference in knowledge levels 

between both parties and their different expectations about the required level of detail of the 

requirements. The causes for the second part of the problem are a lack of communication on system 

level in the requirements phase and lack of communication between interacting component groups 

that makes bridging the knowledge gap of PIC more difficult. 

3. Effects 

The knowledge-sharing problem on the project level leads to a number of effects, meanmg 

difficulties that are identified by the respondents. 

First the lack of sharing of component requirements leads to implicit requirements, which are often 

discovered at a later stage in the project. After these requirements are discovered extra work or 

rework is needed in order to deliver the demanded quality. Extra work and rework will lead to delay 

of projects. Next to this, both parties do not have direct contact moments during the design and the 

implementation phase. This hampers the possibility for quick discovery of implicit requirements. 
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The direct effect here is the later implicit requirements are discovered in a project, the more money 
it will cost to recover the detected inefficiencies. 

Secondly, the lack of sharing of system requirements leads to inconsistencies during the integration 
phase. The respondents indicated that these inconsistencies negatively influence the progress of the 
integration process and therefore they lead to project delays. 

4. Improvements 

In case of specialist knowledge, which is in many cases difficult to make explicit, face-to-face 
communication is recommended, even though in the current society email and telephone are leading 
communication media. Face-to-face meetings form the basis for all the other improvement 
proposals. The proposals concerning job rotation, component groups discussions, evaluation, 
learning loop, prototype testing and developing a checklist all are enforced by face-to-face 
meetings. 

The proposals each tackle the problem separately, but some of them are interconnected. The 
learning loop and the checklist principles both are connected to evaluation. Evaluation forms the 
basis for these improvements. Also the proposals on system level and component level are 
interconnected. Information on how the component functions in the system will also improve the 
requirements of the individual component, while in these requirements already attention has to be 
paid to the integration. These examples serve as prerequisite, meaning the proposals that are 
interconnected should be commonly implemented. 

The most interesting thing to know here is, do these improvements have a positive influence on the 
effects? For instance, prototyping on a component level will increase the possibility to discover 
implicit requirements earlier in the project. This will reduce the amount of rework and therefore 
reduce the project delays. Furthermore, prototyping on a system level will increase the 
understanding of PIC how their component fits into the whole system as well as its 
interdependencies. This will improve the integration phase and therefore also reduce the project 
delays. Another example is the use of job rotation. Job rotation will increase the medical system 
knowledge at PIC and also creates more awareness about cultural and communication differences 
and difficulties for both parties. 

Recommendations 

First the recommendations concerning short-term improvement proposals are discussed in 7.2. l; 
next in 7.2.2 long-term improvement proposals will be presented. In 7.2.3 a general 
recommendation is formulated based upon multiple inputs gathered throughout the project. 

7. 2.1 Recommendations for implementation of short-term improvements 

The short-term improvement proposals are all practical ideas with relatively short tum-around time 
but need extra attention concerning speed and difficulty of implementation, and the persons 
responsible for these improvements have to be identified and assigned to the task. 

To start with the most important recommendation, the BUs and PIC have to be informed about 
the possibilities to improve the current situation of knowledge sharing. The ideas from the 
improvement proposals have to be communicated to the India steering committee by the author 
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of this thesis and the CTO manager who is highly involved in the contact of PMS with PIC. 

After the information session a discussion should be aimed for. Topics for the discussion are 
for instance: first impression improvement proposals, chances for success, necessary changes 
in the current cooperation to implement improvements and incentives to motivate employees to 
cooperate. This action point is easy to accomplish in the short run, but is an essential step to 
enable real improvements. 

Steering committee 

Extra attention must be paid to the 'steering committee' of PMS and PIC. The steering committee 
consists of the CTO of PMS, the CTO manager for SW technology strategy, the development 
managers of the PMS BUs that cooperate with PIC and the director of the PMS group at PIC. The 
CTO leads the steering committee. He arranges the overall alignment of the PMS-PIC group with 
the PIC teams for the other Philips Product Divisions (e.g. Consumer Electronics, Semiconductors, 
Domestic Appliances) and defines the overall PMS strategy for PIC. The CTO determines and funds 
the competency development in PIC. 

The next points will also be discussed with the steering committee. First the steering committee will 
be informed and made responsible for improvement steps in the communication between BUs and 
PIC. Once the communication issue has been addressed, the responsibility for sustaining these 
improvements should be transferred to the right persons from the BUs and PIC. Who these 
responsible persons should be, is highlighted under each recommendation. The recommendations all 
can be executed in parallel, but the difficulties should be taken into account per point. The 
recommendations will be ranked according to ease of implementation. The PMS company coaches 
indicated that they prefer to start with those proposals that are quite easy to implement, also known 
as "low-hanging-fruit". 

Concerning the proposed interaction at the level of components, per BU a system architect 
must be made responsible to decide upon the formation of this group. A system architect has an 

overview of the components within a system and can identify interdependencies of the PIC 
component and the other components of the system. This system architect should discuss 
his/her ideas with the PIC architect. This action point can be easily achieved and is quite 
simple. 

With regard to the proposed computer model to visualize the whole system and the place of the 

component in the system; at the beginning of each project the PIC project leader should discuss 
with its counterpart at PMS whether or not a visualized version of the system is preferred. This 
preference depends on the complexity of the component, the type of component (a User 

Interface component is relatively easy to visualize) and the experience at PIC in that particular 
field. A decision can be easily made, but the actual creation of the visualized version can be 
difficult and time consuming. 

Regarding prototyping, definition of the test strategy, and actual testing of the prototypes, the 
project leaders from both PMS and PIC should be made responsible. This is a difficult process, 

because the prototyping project step is new in the process and first people should be made 
aware of the benefits of the use of prototypes. Next to these practical difficulties, this action 
point will also takes a lot of time to be fully implemented. 

Finally, R&D management of these PMS BUs should carefully consider the possibility to send 

a system expert for a longer period to PIC to act as an on-site tutor and advisor. In order to 
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create more incentives for these experts, I refer to the long-term improvement proposal of job 
rotation. The implementation process of this improvement will be slowly and quite difficult to 

enforce. It is proposed to involve HR as a supporting organization. 

7.2.2 Recommendations for implementation of long term improvements 

In the previous section, recommendations for implementation of the short-term proposals topics 
such as speed and difficulty of implementation and accountability of individuals have been 
discussed. Similarly, for the long-term improvement proposals these topics are significant. Here 

again, first the steering committee will be informed and made responsible for communication of 
these proposals to the BUs and PIC. After that, the responsibility for implementation of the 

improvements steps must be transferred to the appropriate persons from both the BUs and PIC. The 
easy to implement principle applies here as well. 

The evaluation principle can be implemented relatively easily. After each project an evaluation 

phase should be included. The steering committee should be made responsible for pointing out 
the necessity of intensive evaluation sessions to both the BUs and PIC. To implement this step 
a simple format must be developed in order to evaluate the right things in a project. This should 

be linked to the checklist and the learning loop principle. An overall policy for evaluation is 
needed; otherwise it still depends on the willingness and personal approach of project 
members, which can be different per project. 

Regarding the learning loop principle, a couple of projects should be taken as an example in 

order to judge if the requirements engineer and the integration engineer improved their 
performance as a result of extra synchronization efforts and moments in Best. The steering 
committee should be made responsible for monitoring this action point, whereas the project 

leader from PIC should judge upon the actual improvements achieved. Here attention has to be 
paid to the learning effect. Are the bottlenecks of the requirements phase taken into 
consideration during the integration phase and the other way around? This improvement 

proposal is not difficult to implement, but it will take a while before an actual result will be 
measured. 

Concerning the checklist, PIC management and a PIC architect should be made responsible for 
starting the creation of a checklist concerning implicit requirements and ways of testing these. 
The checklist should be evaluated after each project; extra points for attention can be added. 
After some progress the checklist should be presented to PMS in order for them to learn from 

the incompleteness of their requirements. The idea of the checklist is that implicit requirements 
that occurred during projects are included in the list to help increase the completeness of the 

formulated requirements at the beginning of a project. Developing a checklist will take some 
time while multiple projects should be taken as a reference , but this improvement step is quite 
easy to execute. 

The dual ladder principle has to be discussed with R&D managers of the BUs and PIC as well 
as with the heads of the human resource departments from both sites. If a long-term visit is 

necessary to climb up the technical or the managerial ladder this should be well considered by 

all parties. Part of this consideration concerns creating incentives for people to climb up their 
preferred ladder. Especially human resource management has influence on incentives and 
should therefore be included in the discussions. Referring to the aforementioned 'sending a 

PMS expert to PIC', the implementation process of this improvement proposal will be slow and 
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difficult to execute, and will largely depend on HR incentives and the willingness of individual 

of individuals to invest in their career. 

7.2.3 General recomme11datio11s 

7.3 

Knowledge sharing between PMS BUs on PMS Best site level 

Currently all BUs residing in Best, i.e. MR, MIT, CV and CIS are working with PIC. These BUs 

communicate with each other via the steering committee. This committee discusses certain 

synergies and cooperation possibilities for the future. More communication between BUs, for 

instance on a SW development level, is not common. A general recommendation is therefore; 

organize that the project teams of PMS discuss more often internally their working experiences with 

the other BUs project teams more often. These teams all have experience in working with PIC and 

therefore there is enough relevant knowledge and experience to share among them. It is peculiar that 

even on site level (i.e. Best) there is limited communication between the different development 

groups. This observation is supported by the finding that several respondents indicated that they 

recognize this shortcoming. 

The problem, 'BUs do not share error and success knowledge about their SW development process 

and product technology', also applies to SW development groups cooperating with PIC. They seem 

to have more contact with their counterparts of PIC, but they underestimate the extra value an 

experience exchange with other BUs would create. 

Learn from other companies 

Outsourcing to India is very popular at the moment, meaning that lots of companies are cooperation 

with Indian SW companies, or just like PMS have their own part of the business there. For instance 

Siemens and General Electric are doing a lot together with their counterparts in India. The 

respondents did not indicate that they are aware of the strategies followed by these other companies. 

This leads us to a general recommendation that PMS can learn much more from their competitors or 

from companies that operate in other business areas. Experience with the lndian culture, their 

business models and distance difficulties are very interesting to become aware of and include in the 

PMS policies. Even within Philips there are more Product Divisions cooperation with PIC, and 

although they develop different products and systems it can be useful to share experiences and 

bottlenecks. 

Further Research & Short Term Next Steps 

Further research 

Although the research m this assignment mainly focused on operational causes leading to the 

problem of lack of knowledge sharing between PMS and PIC, most of the other causes were due to 

strategic issues. The respondents all argued that the PMS management does not communicate the 

PMS and PIC cooperation strategy sufficiently clear to the different BUs and to PIC. This leads to 

the current situation where each of the various BUs is working with PIC separately without an 

overall PMS guiding principle to align. The steering committee tries to increase PMS ' awareness, 

but despite this the respondents indicate that there is this lack. Part of this problem is also the 

following set of causes: 'PMS is afraid to share competences with PIC due to expected loss of 

responsibility, which leads to a lack of trust from PMS and this is why they do not allow PIC to be 

part of the decision making process' . To come up with the right strategy to overcome this major 

issue, more attention should be paid to improve the current outsourcing model. PMS tends to see 
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PIC as an extra floor on one of their development buildings, whereas PIC argues that they have the 

feeling PMS sees them as an external supplier and not as a partner. In order to intensify the 

cooperation, an overall strategy is needed that should be communicated and deployed to the 

employees involved in the cooperation. But first of all the following question has to be answered: 

'what is the desired cooperation/partnership strategy for PMS and PIC?' lfthe different BUs operate 

according to the defined strategy, this will help to decrease the lack of trust to delegate more 

competences to PIC. On the other hand, PIC will be able to increase the desired medical domain 

knowledge if and when they know where both parties will go in the future. 

Next steps 

The next months I will be conducting a benchmark study at Philips Consumer Electronics (CE). CE 

is cooperating on a large scale with PIC; they are outsourcing whole DVD development and 

manufacturing lines to India. However, a consumer DVD cannot be compared with a complex 

professional system like an MR imaging system, but still it will be interesting and relevant to 

understand their bottlenecks encountered in development project and to get a feeling for their 

business model as experienced by the employees of both parties. 

Next to performing this benchmark I will be involved in the first steps of the implementation of the 

improvement proposals. A presentation will be given to the steering committee toward the end of 

my assignment to present the status at that time. 
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Chapter 8 Reflection 

At the beginning of a research project the researcher has to look for facts next to opinions. In this 

rather qualitative research no hard empirical data could be found and therefore the opinions of the 

employees of PMS and PIC were used as data. 

Concerning literature, the conceptual framework could be well defined due to a broad scope of 

antecedents in the knowledge sharing literature. Although numerous articles have been found the 

knowledge sharing literature is still not mature; the field of knowledge sharing is a collection of 

several areas and a focus is currently not present. But whereas this research is acknowledged by a 

broad scope of issues, the information from practice could be well compared to the framework. 
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Appendices 
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Appendix II PMS Corporate Staff graph 

Appendix III Division simplified diagram 
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Appendix I PMS Organization Graph 
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Figure A I : PMS organizational graph 
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Figure A2: PMS corporate staff graph 
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Appendix III Division Simplified Diagram 

Market pressure 
Pressure on SW development 

Efficiency SW development needed 

Need for rapid development 

Time pressure for BUs 

BU silo focus 
History of PMS 

BUs are product oriented instead of discipline oriented 

Separate business responsibilities BUs 

Time pressure for BUs 

Management attention is missing 
Collective recognition is missing 

Lack of knowledge sharing urgency/ benefit 

Top down collective purposes among BUs are missing 

The perceived need for collaboration among BUs is low 

Incentive for cooperation is missing 
BU do not want to be dependent 

TU /e 

Incentive and control mechanisms for knowledge sharing between different BUs are missing 

Job security 

Globally dispersed BUs 

History of PMS 

Different time zones 

Mainly ad-hoc communication at site level 

BUs are not familiar with competences of other BUs 
Unofficial meetings 

Unfamiliarity among BUs 

It is unclear which SW development information is available and needed 

Unclear which SW development information is useful to share between BUs 

SW development capability is low 
SW development process is not standardized 

BUs do not have the same SW development process maturity 

All the above leads to BUs do not share knowledge, with direct relations: 
Incentives and control mechanisms for knowledge sharing between different BUs are missing 

Lack of knowledge sharing urgency/ benefit 

The perceived need for collaboration among BUs is low 

Unclear which SW development information is useful to share between BUs 

BUs do not have the same SW development process maturity 

BUs do not share error and success knowledge leads to inefficiency in the area of SW 
development, e.g. by means of double work. 
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