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Abstract 
The significance of software outsourcing to improve the innovation speed and operational efficiency is a 
question faced by companies that make complex safety critical systems. In the vast area of outsourcing, 
literature mostly focuses on the outsourcing of hardware, mechanical components, enterprise information 
system and generic information technology functions. When it comes to outsourcing of software parts of 
safety critical products, literature offers very little. But can you treat safety critical software like “any 
other” software?. Since a failure in safety critical system can cause human injury or death, regulatory 
organizations put stringent requirements on these products. In this context, for such companies, 
outsourcing is a critical decision. On the other hand, the size of software in any system is increasing. 
Research shows that a cell phone contains 2 million lines of code and the car will contain 100 million lines 
of code by 2010 [Charette]. These trends alone indicate that a company can not develop all software by 
itself in future. 

This research focuses on the applicability of software outsourcing for safety critical systems and the 
decision making phase of the software outsourcing. The objective of this thesis is to develop a decision 
support model for the selection of software components for outsourcing. This research was performed in a 
medical equipment company, which is a representative company in the safety critical domain. Thorough 
literature analysis was conducted to find analogies between the outsourcing in other industry segments and 
safety critical domain. This literature research resulted in recognizing the product and capacity outsourcing 
flavours and its significance to improve innovation speed and operational efficiency. A conceptual model 
for outsourcing decision making is developed based on the literature research. An empirical study of 
outsourcing cases from different industries was performed to analyse the industry practices. The study was 
guided by the conceptual model for decision making. Conclusions from the study were used to define the 
final decision support model.  

The decision support model is supported with a spreadsheet based toolkit and decision making process. 
This model also provides guidance in selecting between product outsourcing model or capacity 
outsourcing model. The decision support model was validated with three industrial cases on outsourcing 
decision making. The feedback from the validation shows that the model can fill the gap in outsourcing 
decision making of medical equipment industry and can be used for entire safety critical domain with more 
empirical validations.  

The research recommends that more research on the special characteristics of software outsourcing of 
safety critical domain is required to help the companies in making right decisions. To get the full benefit of 
COTS usage in safety critical system it is recommended that the system architecture is evaluated and if 
needed prepared for seamless integration of COTS in the product, with special emphasis on aspects like 
reliability and safety. This research also recommends the industry to use product outsourcing as a means to 
improve the innovation speed and use structured decision support model to perform the outsourcing 
decision making.  

 
Key words 
Software outsourcing, Decision Support model, Product outsourcing, Safety critical systems. 
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Management summary 
The main challenges for a safety critical system companies is to improve their competitive position and 
profitability. This means they have to improve innovation speed, operational efficiency, reduce 
maintenance and increase their total business with same or less number of people. Outsourcing can be one 
of the enabler to achieve these goals. 

Two flavours of outsourcing are product outsourcing and capacity outsourcing, each of which serves 
different purposes. In product outsourcing companies can benefit from the innovation of the supplier and 
the maintenance of the components is the responsibility of the supplier. In capacity outsourcing the 
supplier develops part of your product based on your specifications and it is on a per project basis. Hence 
the companies shall focus on product outsourcing which improves the performance of entire innovation life 
cycle. The capacity outsourcing can be used as a means to improve the operational efficiency and reduce 
costs. 

Regardless of the outsourcing flavours, the ‘make-or-break’ factor is the decision making. The analysis of 
outsourcing life cycle within Cardio vascular business unit shows that the weakest link in the outsourcing 
chain is the decision making phase. The company feels comfortable in supplier selection, release, 
transformation and relationship management, but selecting a new software outsourcing candidate is the 
main problem. The initial decisions on “whether or not to outsource” and “what to outsource” are the key 
ones. If these decisions are non-optimum, no matter how good the capability of the company in managing 
the outsourcing afterwards, the chances of failure are high.  

In this research a decision support model is developed, which provides a structured and repeatable method 
for outsourcing decision making. The model also guides in selecting between product outsourcing model 
or capacity outsourcing model. The model is developed based on literature research and empirical cases on 
actual outsourcing decision making. Following diagram provide the high level view of the model: 

Core competence of
the organization
Unique capabilities
Intangible assets

Technology & Architecture roadmap
Technology trends (internal & external)
World class suppliers
Supplier capabilities
External opportunity analysis

SW Core competencies
SW Non core competencies

Outsourcing
candidates

SW Competences

SW Components

Core competence
analysis

- Core competence view
- Resource based view

Outsourceability
Analysis

- Technology view
- Product / Capacity selection
- Transaction view
- Organization dynamics view

In-house
candidates

 
Each step in the above model is supported with a set of decision variables, which are used to perform the 
decision making. The model is supported with a spread sheet based toolkit and a process for performing 
the various steps involved in arriving at a decision. 

Results of the research 
This research resulted in a decision support model, which fills the gap in outsourcing decision making of 
safety critical systems. 
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Contribution to Academia 
1. This research illustrates the difference between product and capacity outsourcing. The result of the 

research points out the importance of product outsourcing in improving the innovation speed and 
efficiency  

2. Prediction about outsourcing trends in the safety critical domain based on analogies made on 
outsourcing trends from other industry domains. 

3. Existing literature provided the puzzle pieces of outsourcing decision making in general and hardly any 
matter on safety critical in specific. My work fitted the existing puzzle pieces to form a foundation 
upon which specific aspects of safety critical systems where added to form a full conceptual decision 
making model. This model is successfully validated with three cases from a representative industry. 

Contribution to Industry 
Currently the decisions are made by an implicit process based on experience, gut feeling etc. The chances 
of making a wrong decision is high because either some aspects are forgotten or key stakeholders are not 
involved.  
1. The model ensures the coverage of all relevant aspects namely business, technology, financial and 

organizational aspects of outsourcing decision making 
2. The model guides the decision maker to choose between product outsourcing and capacity outsourcing 
3. The model is supported with a spreadsheet based toolkit and a decision making process for deployment 
4. The model provides a balance between scientific basis and practical usability 
5. The toolkit support both proactive and reactive decision making  
Also the industry shall use product outsourcing as a vehicle to improve innovation speed and efficiency. 
Feedback 
The feedback from the validation cases shows that the model covers the right aspects of the software 
outsourcing decision making, it triggers good discussions during the decision making session, the process 
supported by workshop is found to be an efficient way of decision making. The model, toolkit and the 
supported process provides a structured approach in outsourcing decision making. The decision making 
becomes transparent and removes any subjectivity involved.   
Applicability on a wider scale 
 

General Outsourcing variables

Domain specific variables (Safety
critical)

Industry specific variables
(Medical)

Company / BU specific variables
(PMS CV)

Theory used Set of decision variables Scale of applicability

Core competence theory,
resource based theory,
transaction cost theory

Technology view, safety
critical aspects and

organization aspects

Reusable in any industry

In theory reusable across
safety critical domain, but
not validated by this
research

Reusable in other
industry / company
only after tailoring

Based on the input used for identifying the decision variables and based on the extent of validation done 
within the research, the above picture summarizes the scale of applicability of the model. The decision 
variables that are based on core competence theory, resource based theory, transaction cost theory and 
organization dynamics is valid for the outsourcing decision making for any company in the safety critical 
domain. There is not enough evidence to generalize the rest of the variables across safety critical domain. 
However they can form the preliminary set of variables, which if tailored to the industry specific 
requirements can correctly serve any industry in the safety critical system.  
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Chapter 1 Introduction 
The amount of software in safety critical products is growing rapidly and companies are interested to 
outsource part of that development. Outsourcing software to countries such as India and China has grown 
over the last decade. An interesting question is what additional requirements need to be put on outsourcing 
safety critical software such as software for medical products, automotive or aviation systems. 
Organizations like the FDA and the FAA in the USA and similar organizations in Europe as well as Asia 
put stringent requirements on the development processes. The complexity of managing outsourcing in 
safety critical domain is very high due the regulatory requirements. Since the author works in a medical 
equipment company, the medical equipment industry is chosen as a representative case to address the 
safety critical domain.  
 
The problem analysis and definition is done within Cardio Vascular Business unit of Philips Medical 
Systems (See appendix 1 for the organization details). Once the problem is defined, a literature research is 
done to analysis the outsourcing cases from different industry segments such as computer industry, 
consumer electronics, banking and also other industries in the safety critical domain. Based on the resulted 
analysis an analogy is made to safety critical domain and in particular to the context of cardiovascular 
business unit of Philips Medical System. A conceptual model for outsourcing decision support is made 
based on the outsourcing theories and organization theories from the literature. This conceptual model is 
then refined by empirical cases from Cardio Vascular business unit and another product company. The 
model is validated using different cases from Philips Medical Systems. Based on the result from the 
validation cases a recommendation is done for the original problem space, the safety critical domain. 
Following figure illustrate the overview of the research: 

Initial problem space

Problem analysis and 
definition

Literature research on outsourcing cases, decision 
making, organization theories & safety critical 

aspects

Design the decision support 
model

Empirical analysis on 
outsourcing decision 

making

Validate decision support 
model

Conclusions and recommendations 
for the problem space

Introduction

Research 
Assignment

Literature 
research on 
outsourcing

Toolkit & decision making 
process

Toolkit and the 
process

Validation

Conclusion and 
recomendation

Empirical 
Analysis

Design of the 
decision support 
model

Medical domain (Cardio Vascular)

Safety critical domain

All Industry domains

 
Figure 1 Overview of the research 
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Chapter 2 Research Assignment 
This chapter provides the background, problem statement, assignment description, research questions and 
research model for the assignment. 

2.1 Problem Analysis 
Cardio Vascular business unit of Philips Medical Systems (see Appendix 1) develops X-Ray imaging 
systems in the area of cardiac or vascular medical diagnosis and intervention. The development department 
within Cardio vascular (C/V) business unit is responsible for the system design, development, system 
integration, system testing and servicing of the system. The cardio vascular systems are highly safety 
critical and the failure of the system during interventional procedure can cause fatal injury to the patient. 
Hence these systems must meet the safety regulations defined by FDA in US and other regulatory 
organizations in Europe and Asia. 
 
The development of the Cardio vascular imaging systems is managed by several programming teams and 
multidisciplinary projects. Software department within C/V development provides the software 
architecture, engineering and software testing for the above projects. Software department is further 
divided into four competence areas and is the largest department within C/V development. 
 
The new generation of Cardio vascular system is software intensive. The competitive advantage of the 
product such as image quality, performance, safety and reliability is largely influenced by the software 
components.  The efficiency, speed and manageability of the software projects determine the market 
release performance of the cardio vascular systems. 
 
Following figure illustrate the increase in SLOC of two of the cardio vascular products Product A and 
Product B. The SLOC is measured for various releases of these products. 

Product A
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Figure 2  Trend in code size for Product A 
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Figure 3  Trend in code size for Product B 
 
The above picture shows that the number of lines of non-commented code multiplies every year. For 
Product A the code size has doubled in three years and for Product B there is an average increase of 10% 
every year. This can be explained by various reasons. Some of the reasons are listed below: 
1. More and more hardware is replaced by software 
2. New features are added to the system 
3. Technology & architecture migrations 
4. Along with the production software the test software is also increased drastically. 
Also the projections for future releases of Product A and Product B indicate sharp increase in code size due 
to additional features.  
 
The software groups have major contribution in the system innovation because the system is software 
intensive and the competitive advantage of the product mostly depends on the software part. The increased 
software size also contributes to the complexity of the overall system. Due to the increased complexity a 
large part of development effort is used for maintenance. This influences the time and resources available 
for innovation and new product development. These facts slow down the innovation speed and operational 
efficiency of the organization.  
 
Currently large part of the software engineering is done within the development centre in Best, The 
Netherlands. This involves huge investment in the associated development processes, tools, resources, 
keeping up with technology trends etc. The additional requirements due to market pull leads to increase in 
manpower of software department. If the current situation continues, the organization faces, in the near 
future, considerable challenge standing up to competition in the areas of cost, quality, innovation speed and 
time to market. 

2.2 Problem statement 
Based on the above problem analysis it is clear that cardio vascular business unit is facing a problem with 
the increased complexity of the software system and high in-house manpower requirements. Cardio 
vascular business unit’s strategic objective is to improve the innovation speed, operational efficiency, 
expand the business, reduce the system complexity and reduce maintenance. The management is aware 
that outsourcing can be a strategy towards this goal, but is unsure about the feasibility and effectiveness. 
Since the system is safety critical, there are stringent requirements from the regulatory organizations like 
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FDA from US and other organizations from Europe and Asia on the product and the development process. 
These regulatory requirements on the system play a significant role in the decision making and supplier 
selection process. From the above-mentioned reasoning the main problem can be formulated as follows: 
 

It is unclear what role the software outsourcing can play to improve innovation speed and operational 
efficiency for safety critical systems like Cardio Vascular system. 

 

2.3 Assignment description 
The critical issues in the organization regarding the outsourcing of software parts and its relevance to 
address the problem statement was analysed as a next step. This was done by several discussions with the 
company supervisors and also studying the outsourcing process in the company. Also a literature research 
is  performed to place the process within the organization against the industry standard and academia.  
 
Literature uses different terminology for the steps in outsourcing process [Lee & Huynh], [Dibberen et al] 
& [M. Greaver]. Most of the outsourcing processes are based on outsourcing the IT functions within an 
organization [Dibberen et al]. Following table provide one of the elaborated outsourcing processes [M. 
Greaver]: 
Table 1 Outsourcing process 
 Step in outsourcing process Description 
1. Planning initiatives 
2. Exploring strategic implications 
3. Analysing costs and performance 

First 3 steps deals with the decision making process in an 
outsourcing process. A strategic analysis is done on the 
competence of the organization and the right outsourcing 
candidates are selected. Different sourcing alternatives are 
analysed and correct business model is selected. 

4. Selecting providers 
5. Negotiating terms  
6. Transitioning resources 
7. Managing relationships 

Steps 4-7 take care of the implementation of the 
outsourcing decision. 

 
Cardio vascular business unit uses a concise version of this process. Based on the interviews with the 
company supervisors, it is concluded that the weakest link in the outsourcing process is the decision 
making process. This refers to the first three steps in the above process. The first three steps address the 
selection of right outsourcing candidates and the identification of the business model for the outsourcing. 
The main gap in the organization is a structured approach in performing the strategic analysis and a 
methodology to select a software part as the outsourcing candidate. The organization feels comfortable in 
supplier selection, release, transformation and relationship management. They also have lot of experience 
in managing outsourcing. Hence the focus of the research is narrowed down to: 
 

Develop a decision support model for the selection of software outsourcing candidates of safety critical 
systems. 

In other words provide an outsourcing decision support model to select the outsourcing candidates and also 
provide the appropriate business model for the outsourcing. 
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2.3.1 Research Questions 
The expected contribution of this research on outsourcing is twofold.  
1. First of all it shall contribute to the academic world with a prediction about the outsourcing trends and 

a providing a new model for outsourcing decision support in the safety critical domain. 
2. Secondly the industries in safety critical domain should be able to benefit from the prediction on 

outsourcing trends and the decision support model should have practical relevance for professional 
usage. 

An outsourcing decision support model provides a structured approach for outsourcing decision making in 
a coherent, consistent, accountable and repeatable manner. It shall provide methods, tools and processes to 
collect and analyse information. Following are the central questions that need to be answered by this 
research to provide a successful decision support model and more clarity on the role of software 
outsourcing:  

1. How can safety critical systems companies like cardio vascular business unit improve the innovation 
speed and operational efficiency by using outsourcing as enabler? 

2. What are the important aspects in deciding software parts as outsourcing candidates? 
3. How do the organization theories and economic theories influence the decision making? 
4. What are the additional requirements for the outsourcing of software parts of a safety critical system? 

2.4 Research methods 
In order to provide a sound academic contribution a literature research is needed to analyse the current 
status of outsourcing and the decision support models in the safety critical domain. The conclusions from 
the literature analysis are then refined by analysing empirical cases. Thus a combination of literature 
research and empirical cases is needed to develop a decision support model and validate it in the industry.  
Based on the above rationale case study approach is used as the primary method for performing this 
research, the exploratory interviews and literature research are used as a data collection method to 
strengthen the primary case study approach. 

2.4.1 Case study design 
There are different approaches [Yin] in designing case studies. The overall research is constructed as a 
single case. This single case is Cardio Vascular business unit of Philips Medical System, which is 
representative organization in the safety critical domain. Within this primary global case, certain aspects 
are analysed by sub cases. The sub cases are needed to define the decision support model and validate it. 
Multiple case study design is used for the sub cases where the some cases are outside Cardio vascular 
Business unit.  

2.4.1.1 Exploratory interviews 

Exploratory interviews are conducted within the BU CV organization to gain more insight into the problem 
statement. Initial interviews are done with the company supervisors, who represent the development 
management. Purchasing management and Software Technology Director from PMS CTO office were also 
interviewed to get more requirements for outsourcing decision support model. 

2.4.1.2 Literature research 

Literature research consists of the analysis of the existing literature and books on outsourcing, decision 
making, safety critical systems and strategic analysis of competencies. A preliminary literature survey 
shows that there are not many articles available for the outsourcing of software parts of a safety critical 
system. Due to this, the articles on general software outsourcing and product sourcing  was analyzed. The 
literature research shall also cover the outsourcing approaches in Computer Industry, Consumer 
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Electronics Industry and Automotive Industry. A conceptual model for the outsourcing decision support 
shall be created as a result of the literature research. 

2.5 Research model 
The research model guides the activities in the research project. It shows the logical steps during the 
project to fulfil the research objective or research problem [Verschuren & Dooreward]. Following diagram 
provides the research model based on [Verschuren & Dooreward] and the description of various steps is 
detailed in following section: 
 

Exploratory interview 
with BU C/V 
management

Analysis of existing 
outsourcing process 

and case studies 
within PMS

Criteria for strategic 
analysis and 

outsourcing guidance

Theory on strategic 
analysis and decision 

making

Conceptual model for 
outsourcing decision 

support

Empirical Cases

Step 4

Step 3

Step 2

Step 1 Step 7

Analysis of outsourcing 
literature on different 
industry segments

Outsourcing 
requirements for safety 

critical systems

Step 5

Step 6

Cross case analysis 
and refine decision 

support model

Validate the decision 
support model

Final model & 
recomendations

Step 8

Step 9

Step 10

Step 11

Problem analysis 
& definition

Literature 
research

Decision support model, 
toolkit and Process

Validation cases Conclusion & 
recomendations  

 
Figure 4 The research model 
 
Steps Description 
Step 1 The exploratory interviews are used to gather input from various stakeholders within BU C/V. 

The purpose of the exploratory interview is to know the vision, strategy and current practice 
within BU CV on outsourcing. The interviews will also looks into the characteristics of Cardio 
Vascular product as safety critical systems and the various standards that need to be satisfied by 
the CV products. 

Step 2 The current outsourcing process within BU CV and the outsourcing case study of Business Line 
X-ray is analyzed for the context of software outsourcing. 

Step 3 Based on step 1 and step 2 the criteria and requirements for the strategic analysis will be 
formulated 

Steps 4, 5 & 6 These steps involve the Literature survey part of the assignment. This is done by studying the 
primary sources like books, conference proceedings and journals. Following three types of 
information’s is analyzed within these steps:  
1. Analysis of the theory of decision making, core competence theory and resource based 

theory.  
2. Analysis of outsourcing trends and cases from other industry segments like Computer, 

Consumer Electronics and Automotive 
3. Analysis of the additional requirements posed by safety regulations 
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Step 7 A conceptual model for outsourcing decision making is defined in this step based on the inputs 
from steps 3 – 6 

Steps 8 Case studies will be used to gain insight into the outsourcing experience of BU CV and another 
company in the semiconductor equipment industry. The case studies provide in-depth analysis 
of the outsourcing decision making of the real outsourcing cases. 

Step 9 Perform cross case analysis and refine the outsourcing guidance model defined in step 7. 
Step 10 Validate the guidance model by using a sample outsourcing cases within BU CV and PMS CTO 

office. 
Step 11 Finalize the guidance model based on the result of validation. Provide conclusions and 

recommendation to the organization and literature. 
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Chapter 3 Theoretical exploration 
The literature research is performed to identify the current status and gaps of outsourcing research in safety 
critical system. The literature research also look into the outsourcing decision making cases from the 
academic journals and try to identify commonalities with safety critical domain. The final goal of the 
literature research is to arrive at a conclusion on the applicability of outsourcing in the safety-critical 
domain and get a sound basis for defining a conceptual framework for the decision support model. 

3.1 Industry trends in outsourcing 
This section provides the summary of the literature analysis on industry trends in outsourcing. Both 
outsourcing to a third party supplier and transferring work to an offshore development centre is considered 
for this analysis. The final goal is to arrive at a conclusion as to whether outsourcing is the right strategic 
answer to address the current problems in the development of safety-critical system software. One of the 
steps to this goal is to get a good picture of the current trend of outsourcing software in safety-critical 
systems. 

Surprisingly, extensive searches on the academic literatures failed to reveal any articles that directly deal 
with software outsourcing of safety critical systems. Hence most of the analyzed literatures [Dibberen et 
al] that form the basis for this analysis are on general IT outsourcing1 and outsourcing from product 
companies. Within product development outsourcing, most of the literatures [Gilley & Rasheed]focus on 
the outsourcing of the manufacturing of the hardware components. Some literatures [Laseter & 
Ramdas]also deal with the outsourcing of software parts within the product development. Using this 
general information on outsourcing, the current trend of safety critical software outsourcing can be 
deduced by using analogies.  

3.1.1 Outsourcing trends 
The trends in outsourcing are touched by several articles from literature. In this section the information 
from various literature [Tao], [Lee et al], [Lee & Huynh], [Jane] & [Dibberen et al] is consolidated to give 
an overview of the evolution of software outsourcing. Following figure shows this overview: 
 

In sourcing Tactical
outsourcing

COTS as basic
components

Strategic
outsourcing

Transformational
outsourincg

1970 200019901980

COTS as specialized
components

Subsystem
outsourcing  

 
Figure 5 Outsourcing trends 
 
In sourcing: This refers to hiring of software specialists from external software houses to support the IT 
department and also to perform application development. Sourcing in of software specialists is still used as 
a predominant form of outsourcing. 

                                                 

 
1 outsourcing information systems functions like ERP, IT Tools , IT infrastructure etc 
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Tactical outsourcing: In 80’s when companies realized that they can not manage all application 
development in house, they started outsourcing the development of certain software parts to external 
parties. In this model the suppliers are used for application development on need basis and the contract is 
mostly terminated after the product is delivered. This type outsourcing is mostly zero-sum [Jenster & 
Pedersen] game where one party is the winner and the other one is the looser and there is no long term 
partnership. 

COTS as basic components: The basic components in a system are the operating system, data bases etc. 
The trend in outsourcing of basic components is started by IBM by outsourcing the operating system to 
Microsoft. Companies that used to build their own proprietary operating systems and databases for their 
products started using general purpose operating systems. Even for specific needs like real time computing 
there are several operating systems available as COTS. “Buy-over-build” slowly gained acceptance within 
the industry. 

Strategic outsourcing: In strategic outsourcing the customer and the vendor engage in long term 
relationship [Quin & Himer]. In this case the organization performs a well thought out decision making on 
outsourcing a certain part of the system or IT functions. Examples are the outsourcing of application 
development by banking and financial services industry. 

COTS as specialized components: As the computer and electronic industry evolved, the standardization 
of products changed the model of COTS usage. If a specific component is standardized by industry leaders 
in that domain then a software vendor makes the component and sells it as COTS. For example, the 
DICOM standardization enabled several software companies to make archiving and connectivity system 
and hospital information systems. The same goes for specific software components used in automotive 
industry and mobile phone industry. 

Transformational outsourcing: The outsourcing model is called transformational when outsourcer 
acquires new capabilities from outsource and outsource helps the outsourcer for fundamental strategic and 
structural change. For example [Jane] a start-up company TiVo outsourced manufacturing and marketing 
to companies like Sony, Hughes electronics and Philips to leverage the expertise of bigger players. Also it 
outsourced customer relationship management to a supplier and jointly transformed the CRM process. The 
transformation outsourcing can further be divided into following four types [Jane]: 
1. Rapid start-up: Outsource to rapidly scale up a new business 
2. Pathway to growth: Outsource to fix a key process that stands in the way of growth 
3. Change catalyst: Outsource to signal broad change and focus on adding value 
4. Radical renewal: Outsource to improve core operating capability rapidly.  

Subsystem outsourcing: This refers to the outsourcing of an entire subsystem to a third party. In case the 
system integrates several products, one of the products can be outsourced. In this case outsource is 
responsible for the requirements and roadmap of the subsystem. For example GE’s John F. Welch 
technology centre in Bangalore can be considered under this category [Kedia et al]. This centre is 
responsible for certain subsystems or even low end XRay products and helps GE in differentiation by 
improving innovation speed at the same time with a lower cost. 
 
The above types provide a comprehensive list of outsourcing types. But the terminology is used in a mixed 
way in certain literature. For example the term strategic outsourcing can be used to refer to sourcing in 
COTS with custom development from a supplier. In this case the customer and supplier is engaged in 
along term relationship and supplier has the ownership of the COTS itself.   
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3.1.2 Trends on the outsourcing candidates 
There is also a big shift in the content of the outsourcing itself. In the past companies used to outsource on 
the physical parts or the commodities. The outsourcing is now moved to intellectually based services like 
research, product development / design, logistics, human relations, accounting, legal work, marketing and 
market research. Following diagram provides the trend in outsourcing candidates (this picture also includes 
general functions within an organization): 
 

Source: [Jenster & Pedersen] 
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Figure 6 Trends on outsourcing candidates 

3.1.3 Challenges in software outsourcing 
In the new paradigm of outsourcing the outsourcer is dealing with the best-in class suppliers of intellect 
than the best suppliers of physical products. This poses a big challenge for the management of outsourcing. 
In case of physical product, the outsourcer mostly had knowledge, skills and the procedures to perform the 
outsourcing. You need higher quality management if you need to outsource product development 
activities. The outsourcer need to have some one who understands the management of intellect and it is 
also difficult to manage the outsourcing if the supplier is best in world that also provides services to your 
competitor. Some companies also look at the possibility of outsourcing certain core activities if the 
sourcing can be carried out without loss of quality and competence hazards [Gottfredson et al]. If you have 
codified information (specification that are captured in industry standards and design rules) about a certain 
part then it can be easily outsourced even if the part is near to your core competency activities. Also the 
company should protect the tacit knowledge and only share the codified knowledge with the supplier 
[Chesbrough & Teese].  

3.1.4 Product Outsourcing and Capacity Outsourcing 
The literature research on outsourcing cases and trends provided an insight into the patterns and types of 
outsourcing. Based on this analysis and looking at the problem analysis of the company the concept of 
product outsourcing and capacity outsourcing is defined. Product outsourcing means the outsourcer either 
buy a product from a supplier or outsource the development of a subsystem/component, where the supplier 
is responsible/owner of the subsystem/component. Also the supplier is engaged with the development of 
same component for more than one customer and is responsible for the roadmap of the subsystem 
component. In capacity outsourcing the supplier performs the development of a part of the product, where 
the outsourced software part is completely under the owner ship of the outsourcer. These two concepts can 
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be used to classify the different outsourcing types applicable for safety critical products. The difference 
between these two types of outsourcing is very important to determine the contribution of outsourcing to 
improve innovation speed and operational efficiency. Following table try to provide the basic difference 
between these two categories: 
Table 2 Product vs. capacity outsourcing 

 Product Outsourcing Capacity outsourcing 
1 Ownership with supplier Ownership with customer 
2 Multiple customers One customer 
3 Payment for product value Payment for resource cost 
4 Standardization required Standardization not required 
5 Only codified knowledge is shared Chances of competence hazard 
6 Critical capability in system specification and 

design 
Critical capability in contract management and relationship 
management 

From the above table it is clear that the product and capacity outsourcing is fundamentally different. A 
thorough analysis is needed to choose between product outsourcing and capacity outsourcing. From the 
problem analysis [2.1] it is clear that improving innovation speed and efficiency are the important 
outsourcing motivations for the organization. The prediction for future outsourcing is not complete without 
looking into the involvement of supplier in innovation and new product development. The main question is 
how do you decrease the time to innovation? According to [Kessler & Bierly]the time to innovation can be 
defined as the “time elapsed between 1) initial development efforts, including the conception and definition 
of an innovation; and 2) ultimate commercialization, which is the introduction of the new product into the 
market place” . In order to decrease the time to innovation the companies should involve potential 
suppliers in the concept and feasibility phase and also in the ultimate commercialization phase. Following 

picture try to capture the contribution of product and capacity outsourcing in various phases of innovation: 

Establish feasibility Develop capability Launch and roll out

Time to Innovation
Product RealizationC&F

S upplie r invo lvem ent

Capacity Outsourcing

Product Outsourcing

 
Figure 7 Contribution of product and capacity in innovation cycle 
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In case of product outsourcing the innovations by the suppliers can contribute to the innovation effort of 
the customer. This makes the product outsourcing a suitable candidate in the early phases of innovation life 
cycle. In the later phase the customer requires suppliers to support in the realization of new innovation. 
This means that the supplier can develop a part of the product, which eventually improves the efficiency in 
the realization phase. Thus capacity outsourcing is a suitable choice during the product realization phase. 
Also the priorities and considerations are different in both phases. In the C&F phase the customer is 
looking for critical value addition and complementary innovations from the supplier. In the product 
realization phase the efficiency and cost effectiveness are the important factors. As a conclusion the 
involvement of the supplier is going towards the direction of very early phase in the innovation, which 
implies that the companies shall focus on product outsourcing, than capacity outsourcing to improve the 
innovation speed.  

3.1.5 Conclusion 
Based on the above analysis following conclusions can be made: 
1. Product outsourcing can be used as a vehicle to improve innovation speed and at the same time 

reducing the cost 
2. Product outsourcing shall be used in the early phases of the innovation and capacity outsourcing shall 

be used in the product realization phase of the innovation life cycle.   
3. Software part of a system can be outsourced if it can be specified using international standards. Share 

only the codified information with the supplier. 

3.2 Outsourcing decision making 
The decision to outsource a software part is a strategic initiative of an organization. The literature uses 
several organization theories to explain the rationale behind strategic decision making on outsourcing. The 
analysis of these theories provides a sound basis for developing a decision support model. Since this 
assignment focus on outsourcing software part of a complex safety critical system, the architecture 
capability, technology & standardization trends and safety critical aspects are very important to analyse. 
Finally the literatures on decision making theories is analysed to get a structured approach for decision 
making. This section summarizes the literature research on the above-mentioned aspects in view of laying 
a good foundation for the decision support model. 

3.2.1 Organization theories and its influence on decision making 
Following list provides the well known organization theories used in outsourcing literatures: 
1. Core competency theory [Quin & Himer] 
2. Resource based theory & resource dependency theory  [Lee et al], [Duncan] 
3. Transaction cost theory  [Ngwenyama & Bryson] 
4. Agency cost theory [Lee et al] 
5. The power political theory [Lee et al] 
6. Social exchange theory [Lee et al], [de Looff] 

The focus of the literature research is to identify the theories that are important for outsourcing decision 
making and find out the decision variables associated with each theory. According to [Lee et al]the above 
theories can be classified in terms of strategic management view, economic view and social view. Theories 
related to social view (Power political theory & Social exchange theory) are more important in the 
contractual phase and relationship management phase of outsourcing. Economic theories (Transaction cost 
theory and Agency cost theory) are important for both decision making and contracting phase. Agency cost 
theory is applicable when the outsourcer employs a third party (agent) to monitor and control the activities 
of the supplier. Since this is not relevant for most of the outsourcing relationship, the agency cost theory is 
not considered for the analysis. Also the boundary between transaction cost theory and agency cost theory 
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with respect to outsourcing is very thin. Core competence theory and resource base theory looks at the 
strategic aspects of the organization and is very important for the decision-making. As a conclusion the 
core competence theory, Resource based theory and transaction cost theory is analyzed in detail for 
framing a conceptual framework for the decision making model.  
 
Following table provides the summary of the literature survey on core competence theory, resource based 
theory and transaction cost theory: 
Table 3 Outsourcing theories 
Theory Main theme Important decision variables Key Authors 
Core competence 
Theory 

Collective learning in the 
organization in how to coordinate 
diverse skills and multiple streams 
of technologies 

1. Unique customer value 
2. access to multiple market 

segments 
3.  uniqueness 
4. collectiveness 
5. strategic flexibility 

[Prahalad & Hamel], [Quin & 
Himer]& [Quinn] 

Resource based 
theory 

Value and accessibility of unique 
attributes of a firm. Tangible and 
intangible assets. Skills of human 
resources. 

1. World class capability 
2. Critical resources and skills 

[Duncan], [Andersen & 
Kheam], [Lee et al]& 
[Yasuda] 

Transaction cost 
theory 

Economic theory of a firm 
concerned with modelling and 
analysis of buyer-supplier 
relationships. In outsourcing 
relationships the transaction costs 
can be due to opportunism and 
bounded rationality 

1. Economy of scale & labour 
specialization 

2. cost of vendor searching and 
contracting 

3. cost of organization 
transformation 

4. cost of monitoring and 
coordination  

[Williamson],  [Ngwenyama 
& Bryson], [Barthelemy] & 
[Aubert et al] 

3.2.1.1 Conclusion 

The rationale for outsourcing decision-making can be explained by one of the above theories. But none of 
theories alone can provide a solid base for decision-making. The core competence theory advises to 
consider the outsourcing of all activities that are not part of the core competence. But the actual 
outsourcing decision shall be made based on the resource base theory and transaction cost theory. Both 
resource based theory and core competence theory are very dynamic in the information technology market. 
The success of the organization is how to use today’s capabilities (resource based theory) for the 
competence (core competence theory) that are needed for tomorrow’s business. Hence the above-
mentioned theories shall be used complementary to each other to provide an efficient decision making 
model.  

Even though resource based theory captures the internal capability of an organization, the focus of the 
literature is on assessing the core capabilities of a firm to support the core competence decision. But in 
order to choose whether an organization can outsource a component or not you have to consider the 
organization’s strategy, capability and attitude towards outsourcing. This aspect is captured as 
‘organization dynamics’ in this research. The organization dynamics can be explained by analyzing the 
characteristics of the organizational entity and the development teams. Following list provides various 
parameters to analyze the organization dynamics [Nohria]: 
1. Organizational entity characteristics: Organizations strategy, capability and prior experience on 

outsourcing. 
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2. Development team characteristics: Attitude of key professionals and skill set of key professionals in 

managing outsourcing. 

3.2.2 Technology and architectural aspects 
The technology and architectural aspects of software components are not explicitly covered in the 
literatures on outsourcing decision making. The literature that focuses on outsourcing of hardware and 
mechanical components recognize commoditization as a parameter to decide whether a component can be 
sourced in [Venkatesan]. Outsourcing literature from computer industry [Carr] and application services 
provider industry ([Lee & Huynh] & [Tao]) also identify technology trends and standardization as 
important parameters for outsourcing decision making of software or hardware components. 
 
As a conclusion, most of the outsourcing literature indirectly addresses the importance of technology 
trends like standardization and commoditization in outsourcing decision making. Also the standardization 
trends can lead to emerging world class suppliers for a software component or product. Apart from the 
external technology trends, the organizations shall also look into capability of their system architecture 
with respect to the outsourceability of the components. 

3.2.3 Safety critical aspects 
The special characteristics of safety critical system pose additional challenge on the outsourcing software 
part of it. The main aspects of a typical safety critical system are safety, reliability, real time and fault 
tolerant. The international standards like IEC and ISO provides guidelines for the risk management of 
safety critical systems. According to IEC the risk and safety integrity are the most important factors that 
need to be managed by a safety critical system [Bell & Reinert].  
 
ISO 14971 provides guidelines for risk management for medical devices. According to ISO 14971 for each 
hazard2, the related components need to be identified. These components can be a software component or 
an electrical component. Following are two methods to identify hazard related components: 
1. The hazard is related to all components sharing certain characteristics (e.g.: an electric hazard is related 

to all electrical components) 
2. A number of system units together perform a function related to hazard. 
 
From the above the second category of hazard is relevant for software components. Due to the regulations 
by FDA and the corresponding organizations from Europe and Asia, all medical equipment manufactures 
need to manage risk in their products. The system design of these devices incorporates several safety 
concepts to avoid, reduce or enforce graceful degradation in the event of a hazard. Hence all safety 
concepts handled by the software need to be addressed during the outsourcing.  
 
In case of off the shelf software products, a safety related failure could happen due to the component 
mismatch. This is due to the discontinuity of the system understanding by the COTS [Dawkins & Kelly]. 
COTS are developed by assumptions of the system characteristics or usage by a probable safety critical 
application. But the safety requirements for medical device are different from the safety requirement for 
industrial control systems. It is the responsibility of the customer to ensure that the COTS meet all safety 
requirements for their domain. 
 

                                                 

 

2 Hazard is a potential source of harm. Harm includes injury or damage to health, damage to property and damage to 
environment [Source: ISO 14971] 
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From the above discussions it is clear that safety characteristics are important before making an 
outsourcing decision. If your architecture has decomposed the safety concepts to individual modules in a 
well defined way then outsourcing a component or subsystem is feasible. Before you deliver the product to 
the end customer you have to ensure that all safety related tests are done and a risk management based on 
ISO 14971 is performed. 

3.2.4 Decision making theories 
The next step in the literature research is to identify scientific methods in decision making that can be used 
in the outsourcing decision support model. Since outsourcing decision making is a multi criteria decision 
making (MCDM), the literature research was focussed on methods in this area.  
 
Analytical Hierarchy process (AHP) is a kind of MCDM developed by Saaty [Saaty]. AHP provide a 
framework for rating and ranking based on a questionnaire which collected the perceptions of different 
experts or decision makers. AHP is used widely in the outsourcing decision making [Hafeez et al AHP] & 
[Udo] . AHP provide a structured way to decompose a complex decision making problem into manageable 
elements and prioritising the variables in the decision making problem. 
 
Another approach in MCDM is using multi criteria utility theory (MCUT). This approach uses decision 
maker’s preference in the form of utility function which is defined over a set of criteria. Utility function 
quantifies the preference of a decision maker by assigning a numerical index to varying levels of 
satisfaction of a criterion. This approach is used in deciding on projects [Stewart et al] which have high 
economical and business impact, but less evidence available from the literature on using for outsourcing 
decision making. 

3.2.5 Conclusion 
The literature analysis reveals that a strategic decision on outsourcing shall be made based on the core 
competence, firm capability and economical benefit. The core competence of a firm is decided based on 
the competitive strategy, external market dynamics, critical success factors and key value drivers of the 
company. It takes care of the business aspect of deciding whether a competence is core or non core. The 
resource based view looks at the internal capabilities of a firm, which is also very important in deciding the 
core competence. Since the outsourcing decision making in safety critical domain has impact on business, 
technology, economical and legal aspects, the decision support model shall address all these issues 
adequately. The theories on decision making help in decomposing the complex decision making and 
provide a structured approach for the decision making process. 
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Chapter 4 Empirical Analysis 
The literature analysis on outsourcing provided a sound theoretical basis for designing the conceptual 
model for outsourcing decision support. The next step is to refine the theoretical conclusions based on 
actual decision making happened in the industry. 

4.1 Case Study Design 
The purpose of the case study is to gain insight in the outsourcing decision making process, the resulted 
outsourcing models and the current status. As stated in the research method [2.4] multiple case design is 
used for this case study. This case study follows the model as proposed by [Yin], which is depicted in the 
figure below: 
 

Develop theory
Design data 
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protocol

Conduct case study 1

Step 3

Step 1
Select Cases

Step 2
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Step 9 Step 10
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Figure 8  Design of empirical cases 
 
Develop theory: Theoretical foundation for the decision support model is made based on the literature 
analysis from previous chapter [Chapter 3].  
 
Select cases: The cases are selected based on the following parameters: 
1. Similarity in value chain of the outsourcing process: When you look at the value chain of Healthcare 

products, mobile phone products and banking software, then you see that there is a supplier, customer, 
end user and some regulatory bodies that dictate some regulatory requirements on the products. By 
looking at this parameter the individual cases can be from banking industry or mobile phone industry. 

2. Product outsourcing vs. sourcing of resources – this makes lot of difference in the business model for 
outsourcing and also the strategic analysis made to come up with one of the above choices. Select one 
case with product outsourcing and another case with sourcing of resources (capacity outsourcing). 

3. Structured approach vs. adhoc decision making: One of the hypotheses for this assignment is that the 
structured approach would enable the selection of right outsourcing candidates and eventual success in 
outsourcing. Select one case where structured approach is applied and another case ad hoc or semi 
structured process is used. 
It is difficult to judge whether an industry case on outsourcing has used structured approach or ad hoc 
approach in decision making. Hence the cases are selected based on first two parameters. The number 
of cases is decided based on the availability of time and the accessibility of information and resources 
to be interviewed.  

 
Data collection: The data collection for the case study is done via exploratory interviews and analysing the 
available documentation on the outsourcing process. It is often difficult to get the documented process 
about strategically important decisions. Hence exploratory interview has been chosen as the main source 
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for data collection. The focus of the exploratory interview is to extract the following aspects of the 
outsourcing case: 
1. Strategic aspects  (core competence view and resource based view) 
2. Technology aspects 
3. Product and capacity view 
4. Transaction cost view 
5. Organization dynamics view 
The detailed questionnaire used for the interview can be found in the appendix 2. The interview was done 
with the key decision makers from the organization. Author’s observation and experience is used as data 
collection source for case 1, where an action research is performed. 
 
Case study approach3: The case studies were performed sequentially and the observations from one case 
study are used in refining the approach for the second case study (see the feedback loop in the research 
model). After a case is finished a detailed report on individual case is prepared and distributed to the 
company and the supervisors. The detailed report of the individual case study can be found in the appendix 
2. When all cases are completed a cross cases analysis (see section 4.2) is made and the final result is 
compared against the theoretical foundation of the decision support model. Based on the conclusion the 
final requirements and design of the decision support model is made. 

4.2 Case description 
Following table provide brief description of the empirical cases. Please refer to the appendix 2 for the 
detailed description: 
Table 4 Description of empirical cases 
Case4 Domain Type of outsourcing Contents of outsourcing Vendor type 
Case 1 Safety critical and medical 

equipment 
Capacity outsourcing SW components for remote 

service of medical equipment 
Single vendor based in 
India 

Case 2 Safety critical and medical 
equipment 

COTS with custom 
development (Product 
outsourcing) 

SW and HW components for 
motion control of Cardio 
Vascular System 

Single vendor based in 
USA 

Case 3 Safety Critical and medical 
equipment 

COTS with custom 
development (Product 
outsourcing) 

SW components for analytical 
functions and measurements for 
Cardio vascular interventional 
procedures 

Single vendor based in 
the Netherlands 

Case 4 Complex system for 
semiconductor factories 

COTS with some 
custom development. 
(Product outsourcing) 

SW Component for interpreting 
design data (CAD files) of 
Production Preparation Software. 

Single vendor based in 
USA 

4.3 Cross Case Analysis 
The cross case analysis is done based on the theoretical model on outsourcing decision making. The 
objective of the cross case analysis is to compare the real outsourcing decision making against the 
theoretical model. Based on this analysis, the theoretical model can be refined. 

4.3.1 Motivation for outsourcing 
Motivation for outsourcing provides the basic trigger and rationale why an outsourcing is initiated in a 
company. Following table describe the motivations behind the outsourcing of empirical cases: 

                                                 
3 Steps 4 to 10 from the case study model depicted in the picture 

 
4 See appendix 2 for the description of the case 
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Table 5 Motivation of empirical cases 
Case  Motivation 
Case 1 Capability in developing remote service components is not core competence for the organization. The 

development for this components required variety of skills that are different from developing the core 
components.  The technology used for developing this component is under going a change and the company 
need to invest a lot to train own resources. On the other hand one of the potential suppliers has competence and 
skills in making these components.  

Case 2 This outsourcing initiative was triggered by obsolescence of HW components, increased complexity of 
software and maintenance costs. Following is the key motivations for this outsourcing initiative: 
1. Leverage the capability of a best in world supplier for motion and control products 
2. Cost benefit 
3. Flexibility and scalability 
4. Reallocate own resources for core areas 
5. Reduce time to market. 

Case 3 The quantitative analysis function is a standard feature in a Cardio Vascular system. This functionality itself 
does not provide any competitive edge for the medical equipment company. In other words it has become a 
base competence and the group was divested to a new company. The main trigger for the outsourcing was the 
life cycle maintenance cost for a component which did not provide competitive edge 

Case 4 The production preparation software consists of a CAD file interpreter and an optimizer. The development of 
the above two components for production preparation software required different competence. The CAD 
formatter component required competence in understanding and translating around a million CAD input 
formats. This component also required competence in building GUI. On the other hand the optimizer 
component requires machine knowledge and the know-how on various algorithms to optimize the placement 
program. Based on the above reasoning the company concluded that the competence for developing CAD 
formatter component is not there core competence and decided to look for suppliers. Following are the main 
motivations for outsourcing: 
1. The capability for building CAD Formatter was not a core competence for the company.  
2. There are world-class suppliers available in the market. 

4.3.2 Analysis against theory 
The decision making process of all empirical cases are analysed against the theoretical model on 
outsourcing decision support model. This analysis provide a clear indication on completeness and 
usefulness of the theoretical model. Following table gives the overview of the analysis against the theory: 
Table 6 Empirical cases - cross case analysis 

Actual practise from real cases Aspects from the 
theory Case 1 Case 2 Case 3 Case 4 
Core competence 
analysis 

Not explicitly done. 
This competence is 
considered as non 
core competence 
based on previous 
analysis 

Not explicitly done. The 
capability was perceived 
as base competence 

Not done explicitly. The 
capability in developing 
analytical functions was 
perceived as base 
competence by the 
organization. 

Yes, a core competence 
analysis was done for 
the capability to develop 
production preparation 
software. 

Resource based 
analysis 

Resource skills was 
one of the main 
reason for this 
outsourcing case 

Not done Not done Not explicitly done 

Technology View     
External 
Technology 

Not relevant Yes. The outsourcing 
decision was mainly 

Not analyzed External technology 
trend and availability of 
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view driven by the external 
analysis 

world class suppliers 
were the main 
contributing factor for 
the decision making. 

Internal 
Technology 
view 

Yes, architecture 
adaptation is required 
before the 
outsourcing can be 
performed 

Yes, architecture 
adaptation was 
performed 

Yes, architecture 
adaptation was performed 

Not done 

Safety critical 
aspects 

Not relevant Yes, assessed in detail Not assessed explicitly Not Applicable 

Product/Capacity 
outsourcing 
selection 

Not done explicitly Not done explicitly Not done explicitly Not done explicitly 

Transaction costs 
view 

Yes, as a part of 
detailed business case 

Not analyzed Not analyzed Yes, as a part of the 
detailed business case. 

Organization 
Dynamics view 

Yes, implicitly 
analysed as a part of 
business case 

Not analyzed Not analyzed Not analyzed explicitly. 

4.3.3 Conclusion 
The empirical cases on actual outsourcing reveal that all cases are based on reactive triggers due to 
technology change, maintenance issues and non core competence / components. There was no evidence of 
proactive strategy and a structured approach on outsourcing decision making. Nevertheless the analyzed 
cases were strong in certain aspects of decision making and a proper quantitative data was not available to 
check whether ignoring other decision parameters caused any additional effort and cost for the 
organizations. The result of the analyzed outsourcing cases were perceived as successful overall, but in all 
cases the transformation and organization preparation was difficult. The absence of resource analysis, 
transaction cost analysis and organization dynamics has probably contributed to the difficulty found in the 
initial phase of the outsourcing relationship. A structured decision making can identify such parameters 
and would enable detailed cost analysis on those factors. 
 
Another important conclusion is that a re-architecture was necessary to perform outsourcing in most of the 
analysed cases. Also most of the parameters from the theoretical model was implicitly considered but not 
analyzed explicitly. To summarise, the empirical cases emphasis that the steps and decision variables in the 
conceptual model is valid and required to be analyzed before making a strategic decision on outsourcing. 
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Chapter 5 Design of outsourcing decision support model 
This chapter provide the requirements and design of the decision support model. Only brief description is 
provided in this chapter, please refer to the appendix 3 for the detailed description. The requirements and 
design of the decision support model is developed based on the theories from literature and the empirical 
evidences from the case studies. 

5.1 Requirements 

5.1.1 Scope 
The outsourcing decision support model shall provides a structured approach for outsourcing decision 
making in a coherent, consistent, accountable and repeatable manner. It shall provide methods, procedures 
and techniques to collect and analyze information. The scope of the decision making model is to guide the 
decision makers in medical equipment industry to make right choices on software outsourcing. This model 
is designed based on the requirement for Cardio Vascular Business unit of Philips Medical Systems. In 
future this model can also be generalized for other industry segments. 
 
The model shall be of prescriptive nature which provides the model user with a ‘best’ answer to the 
problem under consideration. The model is not intended to replace the experience and the expertise of the 
end user, but to supplement it. Thus the model will assist the user in making outsourcing decision, but it is 
not a substitute. The stakeholders of this model are Development management (Line Management) and the 
purchasing management. 
 
This model considers that final decision on outsourcing is made by Development Manager / SW 
Department Manager.  The model doesn’t support the actual cost benefit analysis, but enables the decision 
makers to analyze all parameters related to transaction cost. This model uses these software 
competences/components as input and provides the set of software competence/components that can be 
outsourced. This recommendation is supported by the analysis of core competence, resource based view, 
technology view, transaction cost theory and organization dynamics. The model assumes that the core 
competence for the entire organization is available. The core competence analysis of the organization 
normally covers the external market analysis and hence the external analysis is considered outside the 
scope of the model. 

5.1.2 Features 
1. Model should guide BU Cardio Vascular of Philips Medical Systems or any organization to select 

potential candidates (SW parts) that are economically and organizationally feasible for outsourcing. 
The model shall follow a top down approach. But the model should also be usable if the organization 
need to make a decision on a particular outsourcing candidate. 

2. Model should provide guidance in choosing between product and capacity outsourcing 
3. It shall be possible to use the model and arrive at a conclusion within two working days by the decision 

makers. 
4. The model shall be supported with a toolkit and decision making process. 
5. Toolkit and process should be easily deployable and the users should be able to use it with minimum 

training from the author 
6. The Model shall consist of a flow diagram / process diagram and a toolkit. 
7. The model should be delivered with an instruction manual 
8. The model should consider both inside and outside view of the technology trends 
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5.2 Conceptual design of the model 
The conceptual model is defined based on the literature analysis on various outsourcing cases, core 
competence theory, resource based theory, transaction cost theory and organization dynamics. The 
theoretical model is then refined by empirical analysis of actual outsourcing cases. 
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Figure 9  Outsourcing decision support model 

The above diagram provides the high level workflow of the outsourcing decision making model. The 
model takes the software competence and components of the organization as an input and facilitates the 
decision makers to identify ‘organizationally feasible’ outsourcing candidates.  The model can be divided 
into two steps: 

1. SW core competence analysis part: The software core competence analysis is performed by 
analysing the core competence and the resource capability of the organization. The result of this 
step is a set of software core competence and non core competence 

2. Outsourceability analysis part: The software components of the non core competence is analysed 
for outsourceability. This part consists of the technology view, product / capacity outsourcing view, 
transaction cost view and organization dynamics view. The input to this step is the set of software 
components and the result is the set of components ranked on the outsourceability. 
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5.2.1 Overall flow 
The diagram given below provide the basic logic used in various steps in the model.  
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Figure 10 Overall flow of outsourcing decision support model 
 
The above diagram provides the detailed flow of the conceptual model. The flow diagram shows the 
possible outcome of each decision making step. In general, every step results in a set of outsourcing 
candidates and another set for in-house development. The flow diagram also shows the feedback to the 
organizations mission, vision, strategy and core competence as a result of the software core competence 
and resource based analysis. In the technology view step it often happens that the current architecture is not 
prepared for outsourcing a software component. In this case re-architecture may be required to further 
proceed with the model. Ideally the flow diagram assumes that an organization has a set of competence and 
they consider outsourcing software components of the non core competence. But in practise it could 
happen that a software component belongs to a core competence is also feasible to outsource. This 
becomes clearer from the validation cases.  
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Chapter 6 Tool Kit and decision making process 
This chapter provides the detailed design of the tool kit, the list of decision variables, measurement scale 
and the decision theory used in building the tool. Decision making process details how to use the decision 
support model and the toolkit to perform outsourcing decision making. 

6.1 Tool kit 
Main requirements for the toolkit is to support the workflow of the decision support model, provide ease of 
use for the user, easily deployable and maintainable etc. Toolkit also should be able to provide support to 
conduct decision making process with several participants and consolidate the data. 

Spreadsheets is a widely used business tool and also simple to use. Microsoft Excel is the most popular 
software for creating spreadsheets and provides several add-ons to make powerful toolkit. The macros 
provided by Microsoft Excel can be easily used for providing user interface buttons for navigations. Also 
Microsoft excel is available to all stakeholders of the model. 

The toolkit is developed as Microsoft excel workbook with several worksheets for the decision making 
steps. Navigation between decision steps is done using excel macros. User interface buttons are provided 
to navigate between the steps and help pages.  

Toolkit provides the workflow, instructions and help to use the model. It also provides online guidance to 
rate the decision variables. In order to support decision making sessions with multiple participants, a merge 
sheet is provided that can be used to fill in the input from different participants and also fill in the final 
ratings from the decision making session. Please refer to the appendix 3 for the details of the toolkit. 

6.2 Decision Theory and Measurement scale 
Each step in the decision support model is a multi criteria decision making, which involves several 
decision-making parameters and the inputs. In order to provide a structured decision-making, Analytical 
Hierarchy process (AHP) is considered [Saaty]. AHP has an absolute approach and relative approach in 
making the decision. The original intention was to use the relative approach of AHP with pair wise 
comparison. The pair wise comparison requires several steps where each decision variable is compared on 
a measurement scale and also all competences / components individually compared based on each decision 
variables. This resulted in a very complex model with several steps. Experimenting with the spreadsheet 
toolkit and from the discussions with the supervisor, it was clear that pair wise comparison may not be 
accepted as a practical method for outsourcing decision-making. Then the absolute approach of AHP was 
analysed and this approach was found to be more practical than pair wise comparison. Further 
simplification is done to make the AHP approach easily comprehendible to the users. 
 
The usage of AHP in decision support model is illustrated with core competence analysis as an example. 
Following diagram provide a sample model of the AHP for determining software core competencies. In 
this model the goal is to determine the software core competencies. The decision-making is divided into 
three hierarchical steps where the first layer is the goal, the second layer is the decision-making variables 
(attributes of core competences) and the third layer is the list of software competences. 
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Figure 11 AHP for outsourcing decision making 

The core competence analysis is done in the following three steps using AHP: 

6.2.1 Assign weighting factor for core competence attributes 
In this step the decision variables for core competence are given weighting factors. The weighting factor 
for each decision variable is also given in a 5-point scale where 1 till 5 represents the relative importance 
of the decision variable for the analysis: 
Table 7 Decision variables – Weighting factor 
1 Very low Importance 
2 Low importance 
3 Moderate importance 
4 Strong importance 
5 Very strong importance 

6.2.2 Rating against the decision variables 
In this step all software competences are rated against the decision variables of core competences. All 
attributes are rated on Likert scaling [Likert] with 1-5 points. The users of the model are asked to indicate 
his/her agreement or disagreement on a statement pertaining to the decision variable of core competence. 
Enough background information shall be provided for each decision variable to support the user to make 
rational choices. The ratings in the Likert scale are based on the following reasoning: 
Table 8 Decision variables – measurement scale 
1 Strongly disagree 
2 Disagree 
3 Neutral 
4 Agree 
5 Strongly agree 

6.2.3 Ranking of SW competences 
The third step is to establish the ranking of software competences based on the rating against a core 
competence decision variable and the weighting factor assigned to the decision variable. This can be 
explained by using ‘Software competence 1’ as an example. The ranking is calculated based on the 
following formula: 
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Average (ΣC1Ai*WAi), where C1 is SW competence 1, C1Ai is the rating of SW competence for 
attribute Ai, WAi is the weighting factor percentage for attribute A.  The weighting factor percentage is 
determined as follows. 
Table 9 Percentage weightage 
Strongly disagree 1 20% 
Disagree 2 40% 
Neutral 3 60% 
Agree 4 80% 
Strongly agree 5 100%

For example if c1 has scored 5 for v1 and suppose the weighting factor of a1 is 3, then the effective rating 
of c1 against a1 is 5 X 0.6 = 3. If the rating of c1 is less than 3 (for example v1 = 2 and a1 = 3) then 
effective rating is calculated as 2 X 1.4 = 2.8 

Following table provides a sample scoring for software competence 1: 
Table 10 Example for ranking of competences 

Decision variables SW Competence 1 Weighting factor 

Core competence of the organization 4 5 

Uniqueness 3 5 

Strategic flexibility 4 4 

The rating for ‘SW competence 1’ is calculated as Average (4*5*0.2+3*5*0.2+4*4*0.2) = 3.4 

6.3 Decision variables 
Each step in the decision support model is supported with a set of decision making variables. The decision 
variables are presented as a statement and the user has to rate his/her (dis) agreement on Likert scale as 
explained in the previous section [6.2]. Following table provides the list of decision variables used in the 
model. The description of the decision variables can be found in the appendix 3: 
Table 11 Decision variables 
 Variable  Statement 
Core competence analysis 
1 Core competence of the 

organization 
This competence significantly contributes to core competence of the 
organization 

2 Uniqueness This competence is unique. 
3 Strategic flexibility This competence provide strategic flexibility 
Resource based view  
1 World class capability The organization has world class capability for this competence. 
2 Critical resources The organization has critical resources to develop the world class 

capability. 
Technology View  
1 World class suppliers World class suppliers are available for this software component. 
2 Standardization Standardization trends can be observed for this component. 
3 Architecture capability Current architecture prepared for outsourcing the software component. 

4 Designed for safety and Reliability Safety and reliability concepts are well defined for this Component. 

5 Performance and resource 
requirements 

Performance and resource requirements are well defined for this 
component 

Product vs. Capacity   
1 COTS availability Commercially off the shelf products are available for this component. 
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2 Codification This software component can be specified using international standards. 

3 Independent lifecycle This component can be developed and tested independent of the rest of 
the system. 

Transaction cost analysis 
1 Economy of scale Potential suppliers for this component provide economy of scale & 

labor specialization. 
2 Cost of organization adaptation Moderate cost involved for adapting the organization for outsourcing 

this component 
3 Cost of finding supplier Cost required for vendor searching and contracting is not high. 
4 Cost of monitoring and 

coordination 

Cost for monitoring and coordination is moderate. 

Organization Dynamics 
1 Organizational entity characteristics The organization characteristics are favourable for outsourcing. 

2 Development team characteristics The development team characteristics favourable for outsourcing. 
3 Knowledge management The organization is capable of managing knowledge in the event of 

outsourcing of this component. 
4 Potential competitor Outsourcing of this component does not lead to potential competitors 

6.4 Decision making process 
The decision making process provide the detailed workflow in using the decision support model to perform 
outsourcing decision making. The process provide a guidance to the organization in how to use the 
decision support model with respect to preparation, decision making steps, analysing the data from 
decision making and reporting the outsourcing decision. The key aspect of the process is to perform the 
decision making in workshop sessions with all participants. The recommended participants to perform the 
decision making process is the Line Manager, Purchase Manager, Architect and Program Manager / 
Project Manager. The Line Manager shall appoint a Champion to coordinate the process. Following 
diagram provide a detailed flow of the decision making process: 
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Figure 12 Decision making process 

The table below provide the details of various steps in the decision making process: 
Table 12 Description of decision making process 
Phase Description 
Preparation In the preparation phase the company shall form a decision making team and appoint a champion to 

coordinate it. The team then select the software competence and software components for outsourcing. 
Define an entry criterion on the component size5 for the selection of software components. The selected 
software component shall have sufficient size for an economically viable business case for outsourcing. The 
size can be decided based on company’s previous experience or based on the experience from similar 
industry. Then the champion shall collect necessary background information to perform the decision 
making work shops. This includes the collection of technology trends and standardization trends for all 
components, analysing the internal capability and the capabilities of potential suppliers, collect the mission, 

                                                 

 

5 The size of the software components or software outsourcing parts is very important entry criteria for performing the decision 
making step. Outsourcing small software components only adds overhead to the organization and not significant cost benefits 
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vision and strategy of the organization etc.  Once all input data is collected, the champion shall arrange a 
kick off with all participants to describe the model, toolkit and the decision making process. 

Data collection After the kick off session the individual participants fill in their rating in the toolkit and send the rating back 
to the champion. The weighting factors for the decision variable are decided by the senior management. 
The Champion then consolidates the weighting factors and individual ratings and prepare for the second 
workshop session. The toolkit does not provide any automatic averaging of the individual ratings. The 
differences in individual ratings shall be discussed in the second workshop and the final ratings shall be 
recorded in the workshop. Champion shall also record the discussions and conclusions from the workshop. 
When the final ratings are filled in, the toolkit calculates the result of each step in the model. The result 
overview can be immediately shared with the participants. 

Data analysis The next step is to formalise the data. The champion shall analyse the data and prepare a power point 
presentation or memo to distribute to the participants and the management. 

Feedback In this step the Champion present the formal report to the management. 
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Chapter 7 Validation of outsourcing decision support model 

7.1 Approach 
The validity of the decision support model, toolkit and process is assessed by performing the outsourcing 
decision making cases.  The validation cases are done within Philips Medical Systems in which two cases 
in BU Cardio vascular and another one in PMS CTO office. Following considerations are done to select 
the cases: 
1. The cases shall contain competence / components related to safety aspect of the system 
2.  The selection of software components shall be such that the expected results shall fall into 

outsourceable, further analysis, not outsourceable categories to validate the boundaries of the model 
 
The participants for the cases are selected from different roles like Line Manager, Purchase Manager, 
Architect, Outsourcing Manager / Project Manager to get feedback from wider audience. The above-
mentioned set of roles includes the main stakeholders of the model as specified in the requirements. The 
validation cases were executed based on the decision making process detailed in section 6.4. The author 
has performed the role of ‘Champion’ for these cases.  
 
Following were the main hurdles that had to be handled to organize the validation cases: 
1. Selection of Software Competence and components: It was difficult to abstract the concept of 

competence [Prahalad & Hamel]on the software discipline. As a first step the general software 
competences like architecture & design capability, Software engineering capability, Requirements 
management capability etc are eliminated for the analysis. In the next step a set of competence and 
components that are familiar to the participants is identified. This set is then checked against the 
technology roadmap and architecture roadmap to get a consistent set of names which are commonly 
used in the Business Unit. The kick off session was used to get a common ground on the set of 
competence and components. 

2. Mapping of Software competence with software components: It was difficult to make one to one 
mapping between competence and components. The competence and the components are interlinked 
and there was even cross dependency between them. As a result it was decided to perform the 
outsourceability analysis for all software components (irrespective of whether it belongs to a core 
competence or not). 

3. Collection of supplementary inputs: From the set of supplementary inputs (technology trends, 
standardization trends, core competence etc) most of the data was not available fully within the 
organization. Hence the knowledge and experience of the participants was used as a basis to judge the 
decision variables which requires this information. 

7.2 Case description 
Following table provides the consolidated description of the validation cases (Please refer to Appendix 4 
for full details): 
Table 13 Description of validation cases 

Case Domain No of competence and 
components analysed 

Participants 

Case 1 Safety critical and 2 software competences and 5 Competence Area Manager, Purchase Manager, SW 
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Medical equipment software components Architect and System Architect  
Case 2 Safety Critical and 

medical equipment 
3 software competences and 11 
software components6. 

Competence Area Manager, SW Dept Manager, 
Purchase Manager,  Project Manager, SW Architect 
and System Architect 

Case 37 Safety critical and 
Medical equipment  

1 software competence and 4 
software components. 

Technology Strategy Director, Director for 
Components & Services, SW Technology Director, 
Project Manager and Software Architect. 

7.3 Evaluation of the model, process and toolkit 
In order to evaluate the model, toolkit and process of outsourcing decision support model, the participants 
was asked to fill in a survey form (please refer to appendix 5 for the details of the survey form). The survey 
form contains a set of statements about the model, toolkit and the process. The participants provide their 
rating in Likert scale of 1 - 5. Following table provide the combined feedback from the participants of all 
three cases (Total number of participants: 12). Even though there was a tailoring (not a structural change in 
the model and toolkit) made for the case 3 the feedback from case 3 is also used in the combined feedback. 
Table 14 Feedback from validation cases 

  Statement 

A
ve

ra
ge

 

1 The model covers the key aspects of the SW outsourcing decision  4.1
2 The rating mechanism used in the model is clear  (Likert scale of 1-5 for rating the decision variable)  3.4
3 Toolkit is user-friendly and intuitive 3.6
4 Sufficient instructions and help is provided in the toolkit 3.4

5 This model & toolkit can be used for outsourcing decision making by any PMS BU. 3.4
6 I would use this model again if I have to select an outsourcing candidate in the future. 3.8

7 The workshop supported by the model is a good way to decide upon outsourcing.  4.0

7.3.1 General feedback from the participants 
The participants from the validation cases agree that the model covers right aspects of the outsourcing 
decision making. It also initiates right discussions and brings out critical issues regarding the software 
outsourcing. Participants had different opinion about the measurement scale, but the majority of the 
participants agree with the Likert scale and the approach used in the model for providing statements to rate 
a decision variable. Following table provide the strength and weakness of the model, toolkit and process 
based on feed back from the participants of the validation cases. 
Table 15 Strength and weakness of the model 
 Strengths Weakness 
1 Provides structured approach to outsourcing decision making Needs tailoring in the toolkit for usage in different 

Business Units of Philips Medical 
2 Right aspects are covered Does not provide more information on extremes, 

mean and variation of the ratings. 
3 Decision variables triggers good discussions during the 

decision making sessions 
 

                                                 
6 Due to lack of time only 3 software components are analysed in the decision making workshops 

 
7 Since case 3 is on PMS wide the toolkit and decision making variables was tailored. 
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4 The supported workshop is a very good way of executing the 
decision making process 

 

7.3.2 Recommendations to improve the model, toolkit and the process 
Following are the important recommendations from the participants to improve the model: 
a. Entry criteria for selecting a software component for performing outsourceability analysis shall be 

specified. It is important to specify the recommended size of the candidate to consider for the decision 
making. 

b. Some of the decision variables are ambiguous and it can be interpreted differently by the participants. 
Provide enough guidance in the toolkit help to clarify the exact meaning of a decision variable. 

c. The spreadsheet toolkit has a worksheet per decision making step in the model. Instead of this provide 
one worksheet for core competency analysis and another one for outsourceability analysis which 
include the technology view, product / capacity view, transaction cost view and organization dynamics 
view. 

d. Improve the output of the model with the information on extremes, mean and variation. 

7.3.3 Evaluation 
Based on the participant’s feedback, the average rating about the model, toolkit and process is 3.7. This 
indicates that the model is well accepted by the participants from different backgrounds and expertise. The 
validation cases also initiated critical discussions between the participants due to the decision variables in 
the model. For example decision variable about standardization trends initiated interesting discussion on 
the difference in the approach for external standardization and internal PMS standardization. Another 
example is the discussion on the reasons why the coordination and monitoring cost is very high for a 
component. This discussion was initiated due to a decision variable from the transaction cost analysis part 
of the model. Performing decision making sessions with participants having different background initiated 
valuable discussions which sharpened the decision making process. 

With minor tailoring in the toolkit, the model was used for performing outsourcing decision making for a 
PMS wide case. This provides a positive proof for the usability of the model for other business units of 
PMS. The core competence analysis part was skipped for the PMS wide validation case, due to lack of 
input materials to correctly perform the core competence analysis. Only the outsourceability analysis for 
the software components was performed for this case. This provided a good testing on the flexibility of the 
model on performing a part of the whole process. 

An important thing observed during the session is about the accuracy of the input candidates (Software 
competence and components). Well defined set of input candidates is very important for the success of an 
accurate decision making process. During the validation case sessions it was observed that lot of 
discussions was initiated on the content and definition of the candidate software components. This can be 
considered as a complement to the model and decision variables, which initiated the discussion on the 
decomposition of system architecture into well defined software components. Also the participants have 
different perception about the scope and responsibility of the components and the system as a whole. In 
general the application specific part and generic technology specific parts are not well separated in the 
chain of components, which make different perceptions for people with various backgrounds. Also the 
outsourceability of the components in the system is limited due to the above factor. This may lead to a 
scenario where the company stay as vertically integrated and can not benefit from the contribution of world 
class suppliers in building generic part of the system. 

 

The total time taken to execute the outsourcing decision making process was around 4 hours from each 
participants for analysing one competence and 4 components. One hour required for kick off, another hour 
for filling in the individual ratings and two hours (30 minutes per component) for the second workshop to 
decide the final rating. The champion has to spend around 8 hours additionally for performing the decision 
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making workshops. Apart from this the champion has to spend more time on collecting inputs, deciding 
competence / components etc. For the above three cases about 24 hours effort per case was required to 
collect the input data. 

7.4 Refine model, toolkit and the process 
Certain items from the list of recommendations were not handled since they are not part of the 
requirements of the model or not significant for the decision making process. Following table provides the 
details of refining done on the model based on the improvement recommendations: 
Table 16 Refinement on the model 
 Improvement recommendations  Actions performed on the model 
1 Entry criteria for selecting a 

software component 
The entry criteria will be added as a part of the decision making process (see 
section 6.4) in the preparation phase. 

2 Provide guidance for rating 
decision variables 

Detailed guidance is added for each decision variables. The detailed guidance is 
provided as an additional worksheet and a help button is provided in the decision 
making step to access the help page. 

3 Provide information on the 
extremes, mean and variation of the 
result 

This remark is not handled completely because the final results are presented per 
step, which provide good overview of the variation of the final ratings per model 
step. Also the number of decision variables is less than 20 which makes necessity 
of providing standard deviation less important. 

Apart from the above items, the toolkit is modified to improve the intuitiveness and to provide better look 
and feel. 

7.5 Applicability of the model 
The objective of this research is to provide a decision support model for the selection of software 
outsourcing candidates of safety critical systems. In order to develop a generic solution the Cardio 
Vascular business unit of Philips Medical system is used as the global case. The model is developed based 
on the specific requirements of the Cardio Vascular Business Unit. The model was validated with two 
cases from Cardio vascular and another one on the PMS level with the CTO office. In order to perform the 
validation case within PMS CTO, the model was tailored to fit with the organizational context. The 
changes were mainly on some of the decision variables. This indicates that the model can be used in any 
Business Units of Philips Medical system with minor tailoring for the organizational context.  

Since the validation of the model is done only with three cases from Philips Medical Systems, there is not 
enough evidence to generalise that the model can be used for outsourcing decision making of any safety 
critical systems. Also the model itself was based on literature analysis and 3 empirical cases from Philips 
Medical Systems and another empirical case from a semiconductor equipment manufacturer. The main 
conclusion from the cases within PMS is that the outsourcing of software components for safety critical 
systems can be performed if you take care of the safety and reliability aspects in the decision making. This 
model provide a decision variable to specifically check the safety and reliability aspect of the system and 
few other variables to check other important non functional requirements of the software components. On 
the other hand the abstract model is based on core competence theory, resource based theory and 
transaction cost theory, which is generic to the outsourcing decision making in any industry. Hence this 
model can be used in selecting the preliminary set of outsourcing candidates from any safety critical 
system. But the decision variables need to be changed or tailored to correctly serve the requirements of the 
addressed industry. Following figure illustrate the applicability of the model on a wider scale: 
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General Outsourcing variables

Domain specific variables (Safety
critical)

Industry specific variables
(Medical)

Company / BU specific variables
(PMS CV)

Theory used Set of decision variables Scale of applicability

Core competence theory,
resource based theory,
transaction cost theory

Technology view, safety
critical aspects and

organization aspects

Reusable in any industry

In theory reusable across
safety critical domain, but
not validated by this
research

Reusable in other
industry / company
only after tailoring

 
Figure 13 Applicability of the decision support model 
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Chapter 8 Conclusions and recommendations 

8.1 Conclusions 
The main challenges for a safety critical system companies is to improve their competitive position and 
profitability. This means they have improve their innovation speed, operational efficiency, reduce 
maintenance and increase their total business with same or less number of people. This research indicates 
that a careful combination of product and capacity outsourcing can be used as efficient approach to meet 
their challenges. It also provides a structured decision support model for selection right software 
candidates for outsourcing. To conclude this thesis I will reflect on the research questions introduced in the 
research assignment chapter [Chapter 2] and summarises the research and results. These research questions 
address the problem statement and the objective of the research. 

The first question deals with the unclear role of software outsourcing in improve innovation speed and 
operational efficiency.  The first research question has been formulated as: 

How can safety critical systems companies like cardio vascular business unit improve the innovation speed 
and operational efficiency by using outsourcing as enabler? 

This research recommends that product outsourcing can play a significant role in improving the innovation 
speed and operational efficiency. The capacity outsourcing can be used as an intermediate step to reach the 
final goal of performing product outsourcing. The decision support model provides a structured approach 
in making right outsourcing decisions. The decision support model also provides an explicit step to choose 
between product and capacity outsourcing. 

The second research question looks at the steps in outsourcing decision making. The second research 
question has been formulated as: 

What are the important aspects and steps in deciding software parts as outsourcing candidates? 

The decision support model developed in this research contains business, technology, financial and 
organizational aspects. These aspects are covered in the decision support model by core competence 
analysis, resource based view, technology view, product / capacity outsourcing view, transaction cost view 
and organization dynamics view. The decision making process provided in section 6.4 provide the detailed 
steps in making the outsourcing decision. 

The third research question deals with the relevance of organization theories and economic theories in the 
decision making. The research question has been formulated as: 

How do the organization theories and economic theories influence the decision making? 

The success of the organization is how to use today’s capabilities (resource based theory) for the 
competence (core competence theory) that are needed for tomorrow’s business. The economic theories 
(transaction cost theory) provide an insight into the hidden costs of outsourcing. The literature analysis 
shows that organization theories and economic theories are important in making outsourcing decision for 
computer industry, consumer electronics, banking and finance industry. The empirical cases confirm this 
finding for medical industry and semiconductor equipment industry. The validation cases also reveal that 
outsourcing decision making is a strategic decision for an organization and the organizational and 
economic theories are important aspects in the decision support model. 

Fourth research question looks into the additional requirement for decision making due to safety critical 
systems. The research question has been formulated as: 

What are the additional requirements for the outsourcing of software parts of a safety critical system? 
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This research shows that safety and reliability aspects shall be addressed explicitly in the decision making 
model to make right outsourcing decision for safety critical systems. The validation cases also revealed 
that in case of complex systems the performance and resource requirements of the component is very 
important to analyse. To summarise, with a comprehensive decision support model and a structured 
decision making process the outsourcing of software parts from safety critical systems is a potential 
possibility.  

This research provides an outsourcing decision support model with a spreadsheet based toolkit and a 
structure decision making process. The validation of the model with real cases shows that this model, 
toolkit and process can be used to make structured outsourcing decision making for a representative 
company in Medical Systems domain. As stated in section 7.5, validations in more industry segments are 
required to generalize this model for entire safety critical domain. 

8.2 Recommendations and contributions to academia 
One of the main motivations for starting this research is the limited availability of literatures on safety 
critical software outsourcing. This research uses a representative industry as a main case to analyse the 
outsourcing problem in this domain. Following two major items that was researched thoroughly with this 
thesis: 
1. Applicability of software outsourcing to improve innovation speed and operational efficiency 
2. Strategic decision making in outsourcing 

For the first item the cases from other industry segments are analysed from the literature and an analogy is 
made to safety critical domain. This analogy is then verified with the representative industry. Based on this 
analogy the recommendation is to use product outsourcing as a primary approach to improve both 
innovation speed and operational efficiency. The capacity outsourcing can be used to improve the 
operational efficiency and also it can be used as an intermediate step to go towards product outsourcing. 

For the second item the literature currently provides a piece meal approach where some aspects of decision 
making are addressed. Also there are very limited scientific articles on outsourcing decision making in the 
safety domain. This research contributes a structured decision making approach for making outsourcing 
decision for safety critical systems. This model addresses the business, technical, economical and 
organization aspects of outsourcing decision making. The model is also supported with a toolkit and 
decision making process. The decision support model is made based on detailed requirement from the 
medical equipment industry. It is also validated successfully with cases from medical domain. 

A general conclusion from this research is about the lack of literature on the software outsourcing of safety 
critical systems. A recommendation to the research world is to provide focus on the outsourcing research 
of safety critical software as a  special area. This will help the companies in this domain to make right 
outsourcing decisions. Another major finding from this research is the importance of product outsourcing 
in improving innovation speed. Product outsourcing means the companies have to use more and more 
COTS in their system. This provides another challenge to the academia to perform research on system 
architecture and its capability for COTS integration. Another recommendation is to focus on the methods 
for validation of the impact of upgrades from COTS on the safety critical system. 

8.3 Recommendations for Philips Medical Systems 
The first recommendation to Philips medical systems is to use product outsourcing to improve the 
innovation speed, operational efficiency and to reduce maintenance. The validation cases within Philips 
Medical Systems shows that for certain components product outsourcing is not yet feasible. Use capacity 
outsourcing as an intermediate step in this case. Also involve suppliers earlier in the lifecycle and benefit 
from the complementary innovations from the supplier. The organization shall focus on the innovations 
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related to the core competence and use the complementary innovations from the supplier for non core 
areas. The figure [Figure 7] provided in the section [3.1.4] illustrate this recommendation.  
 
The decision support model fills the gap in the decision making phase of outsourcing. The model, toolkit 
and process are validated with 3 cases from Philips Medical Systems. The feedback from the validation 
cases shows the practical usability of the model in the context of Philips Medical Systems and especially to 
the Cardio vascular business unit. 
 
A common issue found in all validation cases is that the system architecture is not prepared for performing 
the outsourcing. Another recommendation is to use the outsourceability8 of the components as one of the 
major non functional requirements for the system architecture. This one requirement itself will guide the 
architect in making the right choices for the decomposition of the system into components. 

8.4 Further research 
As indicated in section 7.5 the decision support model is only validated in one of the medical equipment 
company. In order to generalise this model for safety critical domain, the model need to be validated on 
more industry segments. Validation of the decision support model to other industries in the safety critical 
domain and further refine the model is a natural extension to this research. 
 
The decision making process from this research recommends to perform manual analysis of the results by 
the Champion based on the data recorded during decision making process. Currently the toolkit does not 
support automatic analysis of the results such as information about the extremes, variation and number of 
variables with ‘unknown’ as the final rating etc. Also the sensitivity of the decision with respect to the 
changes in its parameters is not done by the toolkit. One improvement to the toolkit is to provide a 
mechanism for the above analysis and give more details on the impact of a decision variable (or ratings on 
a decision variable) on the final result. This can be a candidate for further research. 
 
A structured approach in decision making supported with a model, toolkit and process is of course a very 
important part in the outsourcing. Once you decide on an outsourcing the next step is how well you 
manage the outsourcing. Some organizations are better at managing outsourcing than others. The 
organizational capability to manage outsourcing is important topic for further research. The level of 
outsourcing capability refers to the extent to which an organization is able to develop a supportive 
infrastructure to support outsourcing management. 
 
 
 

                                                 

 

8 Outsourceability indicates that the architecture ‘prepared’ for outsourcing of a component. This means that the components 
satisfies properties like loose coupling, encapsulation of information e.g. domain concepts from technology concepts, 
adaptability, portability etc, which are important for outsourcing a part of the system 
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Definitions and abbreviations 

Definitions 
 
Outsourcing 
In general outsourcing can be defined as the process of contracting a business process to an organization 
outside your company.  In the context of software outsourcing, the software parts are either developed by 
the supplier or acquired from the supplier. In this document I use outsourcing to refer the 
1. Outsourcing of software development to a third party company (called as just ‘outsourcing’ in most of 

the articles) 
2. Outsourcing to own subsidiary in overseas (off shoring) 
3. Outsourcing to a partnership company in overseas. 
4. Acquiring products or customized products from a vendor 
 
Capacity outsourcing 
Capacity outsourcing means the supplier performs the development of a part of the product, where the 
outsourced software part is completely under the owner ship of the outsourcer. The capacity outsourcing is 
also called subcontracting. 
 
Product outsourcing 
Product outsourcing means the outsourcer either buys a product from a supplier or outsources the 
development of a subsystem/component, where the supplier is responsible/owner of the 
subsystem/component. Also the supplier is engaged with the development of same component for more 
than one customer and the supplier is responsible for the roadmap of the subsystem / component 
development.  
 
Abbreviations 

Abbreviation Expansion 
3DRA 3 Dimensional Rotational Angiography 
AHP Analytical Hierarchy Process 
C&F Concept and Feasibility Study 
C/V Cardio Vascular Business Unit, Philips Medical Systems. 
CTO Chief Technology Officer 
FDA Federal Drug Administration, USA 
MCDM Multi Criteria Decision Making 
NLOC Non-commented lines of code 
PMS Philips Medical Systems, a product division of Royal Philips 

Electronics N.V. 
SLOC Source Lines of Code 
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Appendix 1: Company Description 
In this chapter a brief description of Philips organization and Philips Medical Systems is given. Different 
business groups are briefly touched. Business unit Cardio Vascular, where this project is executed, is 
discussed in more detail. 
 
Royal Philips Electronics 
Royal Philips Electronics9 (NYSE: PHG, AEX: PHI) is one of the world's biggest electronics companies 
and Europe's largest, with sales of $37.66 Billion (EUR 30.3 billion) in 2004. With activities in the three 
interlocking domains of healthcare, lifestyle and technology and 160,900 employees in more than 60 
countries, it has market leadership positions in medical diagnostic imaging and patient monitoring, colour 
television sets, electric shavers, lighting and silicon system solutions. Philips business is organized as 
consumer electronics, semiconductors, lighting, domestic appliances and medical systems product 
divisions. 
 
Philips Medical Systems 
Philips Medical Systems (PMS)10 is one of the world leaders in the design, manufacturing and supply of 
healthcare solutions and systems. 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. 
 
Philips Medical systems (PMS), with its headquarters in Andover (USA) has development and 
manufacturing centres in Netherlands, Germany, Finland, Israel, India, China and USA. PMS operates in 
65 countries and employs around 22,000 people. To give an indication in figures, PMS now has estimated 
annual sales of Euro 6.5 billion. The company is committed to provide innovative technology and services 
that enable healthcare providers to achieve clinical excellence with out compromise. 
  
Philips Medical Systems businesses can be classified into the following three categories: 
1. Imaging Systems – This business consists of X-ray machines, CT, MR, Ultrasound and nuclear 

medicine imaging equipment, used to create images of various parts of the body in varied detail for 
radiologists and cardiologists.  

2. Customer Services – This includes consultancy, equipment financing, asset management and 
equipment maintenance and repair.  

3. Clinical Solutions – This includes healthcare IT systems as well as patient monitoring and cardiac 
devices. 

These businesses are subdivided into several business groups like Cardiac & Monitoring Systems, X-Ray 
& MR, Medical IT, Ultrasound, Computed Tomography and Nuclear Medicine. Business Unit Cardio 
Vascular is a part of X-Ray & MR business group. 
 
Cardio Vascular Business Unit 
Within Philips Medical Systems X-ray in Best, the Business Unit CV (Cardio/Vascular) is responsible for 
the development, production and delivery of X-ray imaging systems in the area of cardiac or vascular 
medical diagnosis and intervention (e.g. a “dotter” treatment). The product lines include mainstream cardio 

                                                 
9 www.philips.com 

 
10 www.medical.philips.com 
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vascular products and 3DRA11 workstations. 
 
Mission of Cardio Vascular business is to “be the recognized leader of X-Ray centered, minimally 
invasive solutions, designed around patient and clinician, excelling in clinical outcome & workflow 
efficiency.” 
 
Following is the vision of Cardio Vascular business unit: 
“In a world in which  
• there is strong growth in therapeutic interventions, and primary diagnosis is increasingly based on 

non-invasive imaging  
• medical care becomes more integrated and complex 
 
the BU CV builds and expands  
• a sustainable, global and regional nr. 1 market position - both financially and in customer perception 

based on professional clinical partnerships, cutting edge innovation, and superior customer support  
• an organization respected and appreciated by all stakeholders with entrepreneurial people and 

professional processes.” 
 
Following diagram provide the organization chart of BU CV. This project is initiated by the development 
department with focus on software discipline. 
 

BU C/V
BU Manager

Customer Support &
Supply Chain Development Project Management Marketing Application & Clinical

Science

Systems Software E&M Hardware

Controller

Purchase
Management

HRM

TQM

  
 
 

                                                 

 
11 3 dimensional dynamic rotational angiography 
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Appendix 2: Description of Empirical cases 
Company confidential. 
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Appendix 3: Detailed description of the outsourcing 
decision support model 
Company confidential. 
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Appendix 4: Description of validation cases 
Company confidential. 
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Appendix 5: Survey Questionnaire and feedback 
Following table provide the survey questionnaire and the feedback from the participants: 

 
 
Recommendations to improve the model, toolkit and process 
Geo1.1 Need more info on extremes, mean and variation 
Geo2.1 Use extremes 9, 3, 0, -3, -9 
Geo2.2 Use unknown as different from average 
Geo2.3 Tool has some what too much SW & safety focus 
Geo3.1 At the result part give an indication why the score is like that, especially if it is low beacuse of one 
aspect. 
Geo3.2 Give indication if there are too many "3" unknown filled in 
Geo4.1 Instead of Likert scale use extreme values 1, 3, 9 
Geo4.2 Add '0' or '-' for "don't know" 
Geo4.3 Instead of filling in the toolkit and then discussing, first do a kickoff where you explain each 
criterium. eg:- "world class" with respect to suppliers, competitors, NASA, rest of the world? 
WF1.1 Entry criteria: what is the recomended size to even start thinking of outsourcing 
WF2.1 Questions are some times ambiguous 
WF4.1 Excel format perhaps not the best  
CTO2.1 Invite all relevant disciplines (technical, purchasing, commercial etc) 
 
Any other comments / remarks 
Geo1.1 Model looks promising, needs a little work 
Geo2.1 The short explanation of the variable as statement is very intuitive 
Geo2.2 Discussing outcome was very usefull 
Geo3.1 Distinguish between 3 unknown and 3 known (average) 
Geo3.2 Right questions aspects are in the model 
Geo3.3 The tool is almost good enough to use within other PMS BUs, should be tuned a bit 
WF1.1 It is quite a big spreadsheet, so i didn't even notice that i haven't filled all fields. 
WF2.1 Entry criteria to use the model shall be defined 
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WF3.1 It provides a good basis for discussion on outsourcing possibilities. Serve as a checklist to make 
sure that you cover right aspects. 
CTO1.1 The tool triggers a good discussion 
CTO1.2 Needs more testing evidence to deploy in any BUs within PMS 
CTO2.1 Ranges in the result part is not correct. 
CTO3.1 Same question do hold for all components (eg:- related to departments) 
 
Time taken to fill in the toolkit 
Geo1. 30- 45 minutes 
Geo2. 30 minutes 
Geo3. 60 minutes 
Geo4. 30 minutes 
WF1. 30 minutes 
WF3. 20 minutes 
CTO1: 60 minutes 
CTO2: 15minutes 
CTO3: 15minutes 
 

 
K. K. Radhakrishnan Page 57 of 57 


	Abstract
	Preface
	Management summary
	Table of contents
	Introduction
	Research Assignment
	Problem Analysis
	Problem statement
	Assignment description
	Research Questions

	Research methods
	Case study design
	Exploratory interviews
	Literature research


	Research model

	Theoretical exploration
	Industry trends in outsourcing
	Outsourcing trends
	Trends on the outsourcing candidates
	Challenges in software outsourcing
	Product Outsourcing and Capacity Outsourcing
	Conclusion

	Outsourcing decision making
	Organization theories and its influence on decision making
	Conclusion

	Technology and architectural aspects
	Safety critical aspects
	Decision making theories
	Conclusion


	Empirical Analysis
	Case Study Design
	Case description
	Cross Case Analysis
	Motivation for outsourcing
	Analysis against theory
	Conclusion


	Design of outsourcing decision support model
	Requirements
	Scope
	Features

	Conceptual design of the model
	Overall flow


	Tool Kit and decision making process
	Tool kit
	Decision Theory and Measurement scale
	Assign weighting factor for core competence attributes
	Rating against the decision variables
	Ranking of SW competences

	Decision variables
	Decision making process

	Validation of outsourcing decision support model
	Approach
	Case description
	Evaluation of the model, process and toolkit
	General feedback from the participants
	Recommendations to improve the model, toolkit and the proces
	Evaluation

	Refine model, toolkit and the process
	Applicability of the model

	Conclusions and recommendations
	Conclusions
	Recommendations and contributions to academia
	Recommendations for Philips Medical Systems
	Further research

	References
	Index of figures & tables
	Definitions and abbreviations
	Appendix 1: Company Description
	Appendix 2: Description of Empirical cases
	Appendix 3: Detailed description of the outsourcing decision
	Appendix 4: Description of validation cases
	Appendix 5: Survey Questionnaire and feedback

