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Abstract
Organizations periodically update their desktop operating system (OS) for various 
critical reasons. To ensure business continuity, any software application 
incompatibility threat should be anticipated. Therefore all applications need to be 
tested and re-deployed to the new desktop  OS. In large organizations application 
portfolio migration projects could span for far more than one year. However the 
reality is that organizations use many different COTS applications, which adhere to 
different standards and require different techniques to function properly  within an 
organization. This makes predicting the required time and budget even in the best 
cases a mere informed guess.

The uncertainty on the time needed to migrate a software application introduces 
many difficulties in project planning and it clouds the possibilities for project 
optimization. Moreover it could make managers uncertain, hence delay or even 
cancel critical updates, resulting in a loss of business opportunities.

In our study we analyzed application portfolio migrations, we identified and ranked 
more than a dozen key factors that contribute to the complexity of application 
portfolio migrations and investigated their impact at a large Dutch insurance 
company. Based on these insights we devised an instrument to configure application 
portfolio migration projects for efficiency. Our method provides a generative basis 
that can be easily extended with new strategies for factors that were uncovered so 
far.

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  1



Preface
This study is a cooperation between Nils de Bruin and Maarten van der Vlugt to shed 
some academic light on IT infrastructure projects. We have a professional interest for 
continuously  improving these kinds of projects. We believe our exploratory research 
can serve as a stepping stone for broader academic investigation of the IT 
infrastructure domain.

We would like to thank Marco Hagen, Sophie Tidman and Ment van der Plas for 
sharing their expert domain knowledge with us. Special thanks also to the application 
portfolio migration team in the case study project, for taking the effort of registering 
their engineering times during the project. And the case study organizations, for 
letting us use this data for academic purposes.

For all academic support we would like to thank Dr. Pieter de Leenheer - our mentor 
from the VU University - for leading and motivating us throughout this study. And also  
Prof. Dr. Jaap Gordijn for his role as second reader. Furthermore our gratitude goes 
to Drs. Martin Keesenberg for always being ready to give us academic insights and 
motivational support.

For all assistance on the Statistics front we would like to thank Jorg de Bruin, Cees 
van Rees and David van der Boon, who were able to tame our data into SPSS and  
help us process the results.

Last but not least we would like to name our organization: BVI ict solutions, 
hyperactive in application portfolio migration projects, for bringing us the opportunity 
to perform this research in the first place.

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  2



Index
....................................................................................................................1. Introduction 5

..............................................................................................................................1.1 Problem statement 5

.......................................................................................................................................1.2 State of the art 7

1.2.1 Level 1: The science of developing a tool to complete a task

1.2.2 Level 2: The science of managing a tool

1.2.3 Level 3: The science of managing a set of tools

...........................................................................................................................1.3 Research questions 15

..........................................................................................................................1.4 Expected outcomes 15

..................................................................................2. Research strategy and methods 16

................................................................................................................................2.1 Strategy in detail 16

...........................................................................................................................2.2 Strategy in practice 16

...........................................................................................................2.3 Phase 1: Expert knowledge 17

2.3.1 Phase 1a: Expert interviews

2.3.2 Phase 1b: Getting expert consensus

...........................................................................................................................2.4 Phase 2: Case study 20

2.4.1 Project set-up

2.4.2 Application portfolio

2.4.3 Application portfolio migration project

.............................................................................................3. Data analysis and Results 28

...........................................................................................................3.1 Phase 1: Expert knowledge 28

3.1.1 Phase 1a: Expert interviews

3.1.2 Phase 1b: Expert consensus

...........................................................................................................................3.2 Phase 2: Case study 34

3.2.1 Case description

3.2.2 Factors

3.2.3 Statistical analysis

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  3



.....................................................................................................................4. Conclusion 56

.............................................................................4.1 Analyzing application portfolio migrations 56

4.1.1 Scientific interpretation of the results

..........................................................................4.2 Optimizing application portfolio migrations 60

.....................................................................................................................................4.3 Final thoughts 61

.................................................................................................................4.4 Other uses of our results 61

.....................................................................................................................5. Discussion 63

............................................................................................................................5.1 General discussion 63

...........................................................................................................5.2 Phase 1a: Expert interviews 63

...........................................................................................................5.3 Phase 1b: Expert consensus 64

...........................................................................................................................5.4 Phase 2: Case study 64

.............................................................................................................................Addendi 65

.......................................................................................................................Addendum A: Interviews 65

Interview MH

Interview ST

Interview MP

...........................................................................................Addendum B: Full list of elicited factors 74

.................................................................................................................Addendum C: Delphi results 80

Result from MH

Result from ST

Result from MP

...............................................................................Addendum D: Factor measurement methods 84

Factor measurement methods

.........................................................................................................................References 87

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  4



1.  Introduction
IT infrastructure should support business strategic agility [1], but how agile is an IT 
infrastructure? Factors that hinder IT agility can be a very  important disabler in 
achieving more business agility [2]. In this study we try to explore the factors of 
agility  in a specific kind of IT infrastructure change project: an application portfolio 
migration project.

1.1  Problem  statement

Operating	
  System	
  upgrade
An IT infrastructure is the system of hardware, software, facilities and service 
components that support the delivery  of business systems and IT-enabled 
processes. These systems are constantly  subject to change. A specific IT 
infrastructure change that organizations face periodically is a desktop  operating 
system (OS) upgrade. Operating system vendors support a certain OS version for a 
limited time before it goes “end-of-life” and will be unsupported. As organizations 
need to be compliant to rules and regulations (e.g. Sarbanes-Oxley or HIPAA) as 
well as keeping up  to security standards, unsupported operating system versions 
should be avoided.

Desktop	
  OS	
  migration	
  projects
In this thesis we take a closer look at Microsoft Windows desktop OS migration 
projects. With 96% of corporate PC's running Microsoft Windows [3] and advisory 
companies suggesting migration to new Windows versions in time [4], there is a 
substantial interest in Windows desktop OS migration projects.

According to Gartner, organizations should plan to spend between 12 and 18 months 
on an organization-wide Microsoft Windows desktop OS migration project. [5] But 
with so many organizations needing such long running projects, shortages of IT 
migration personnel occur periodically. For example: in the present day Gartner 
predicts there will be a shortage of IT migration personnel to actually  perform the 
migrations in 2011 and 2012. This will lead to higher service rates, increasing the 
migration costs. But it also might set back migration plannings for some 
organizations, increasing the risk of being non-compliant for running unsupported 
operating systems and thus increasing security and regulatory risks.

So apart from business agility motivations there is a stressing need to reduce the 
amount of effort required for these migration projects. Gartner claims “complex 
environments will require even more time”, but what contributes to this complexity? 
How can we assess this complexity beforehand, solve it before it becomes a hurdle, 
or maybe even prevent potentially complexing factors?
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Application	
  migration
Applications are defined as a special class of Information Systems that support 
business processes directly. [6] Chief Information Officers regard applications as 
main ‘'products'' delivered to the business. Therefore one of the most important and 
major actions in a desktop  OS migration project is the migration of the software 
application portfolio to the new OS platform. Reducing the effort needed to migrate 
the application portfolio thus leads to a reduction in the total effort needed for the 
desktop OS migration project.

To have an opportunity  to reduce the effort needed to migrate the software 
application portfolio, we need to have insight in the factors that might have an effect 
on the time needed to migrate a software application.

Stakeholders
The results of our research are targeted for the internal IT and business decision 
makers, but the results of optimizing the application portfolio migration projects can 
have a positive effect on various different stakeholders: 

• End-users of the software applications
An end-user of a software application is the person that actually uses the 
software application in an IT-enabled process or business system. His or 
her main concern is the ability to continue work without interruption. Thus 
the correct functioning of the required software applications is a necessity.

• Project initiator
The initiator of the desktop  OS migration project. Typically this is the Chief 
Information Officer of the organization the end-users work for. The initiator 
is concerned with the business continuity and budgeting in short and long 
term on one hand, and the budget, deadline, quality and gains of the 
project on the other hand.

• Project manager of the application portfolio migration
The project manager is concerned with accomplishing the stated project 
objectives and with the satisfaction of the project initiator on the 
constraints: budget, deadline and quality.

• Application migration engineers
The application migration engineers are concerned with the technical 
migration of the software applications. They are managed by the project 
manager.

• Application owners
The application owners are responsible for a single application or a group 
of applications within an organization. The application owners provide 
information about the applications to the engineers of the migration 
project. Furthermore they test the applications for production suitability 
after the technical migration.
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1.2  State  of  the  art
In a 1945 report by the American government the basic functional specifications of 
computers were set out. Two types of innovation were defined. The first is the 
improvement of hardware components, bringing faster computing speeds, larger 
capacities, better reliability and improved price-performance ratios. This innovation 
was driven predominantly by  manufacturing companies. The second type of 
innovation is in the mode of operation, and according to Campbell-Kelly and Aspray 
the agent of change for this type of innovation was most often the academic sector. 
[7]

So lets see where science has brought us. The field of application portfolio migration 
projects seems to be in an academic niche between a number of research fields. In 
the following section we describe the academic foundations surrounding application 
portfolio migration projects.

The final purpose of computing systems is the completion of certain (business) 
tasks. But to get to application portfolio migration projects, we found several layers of 
abstraction:

Level 0: Complete a task

Level 1: Develop a tool to complete a task

Level 2: Manage a tool

Level 3: Manage a set of tools

1.2.1  Level  1:  The  science  of  developing  a  tool  to  complete  a  task

Since prehistoric times, mankind has sought for tools to make tasks easier. 
Anthropologists believe that the use of tools was an important step  in the evolution of 
mankind [8]. Modern archeology found that the first computing tools were invented 
as early as 35.000 BC  [9]. The “Lebombo bones” were found in the Lebombo 
Mountains between South Africa and Swaziland and are deemed to be one of the 
oldest mathematical artifacts.

!
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Mechanical	
  computers
Computer Science studies have come a long way since then. After the invention by 
the Italian mathematician Blaise Pascal in 1914, a Differential analyzer was built ten 
years later by Harold Locke Hazen and Vannevar Bush at the Massachusetts 
Institute of Technology  [10]. It was used as a tool to solve previously time-consuming 
calculations. Unfortunately this device had to be programmed manually for every 
calculation; “with a wrench in one hand, and a gear in the other” [11]. This made the 
use of the machine very labour-intensive and too slow to meet the demands of the 
military [7].

Electronic	
  computers
When Presper Echert and John Mauchly proposed a computer ten times as fast as 
the Differential analyzer and at least 100 times as fast as a human computer with a 
desk calculator the “Electronic Numerical Integrator And Computer” - or ENIAC - was 
built. [11] However it still needed to be programmed manually for each calculation: 
instead of shafts and gears, wires and set switches were manipulated. As Burks 
states: “an electromechanical method of programming would have been superior”.

Stored	
  program	
  computers
Based on new electromechanical discoveries and logical designs [12] [13], the 
Stored Program Computer was designed, and built in the form of the EDVAC.  [11]. 
Now programs could be stored in memory and the concept of “Software” was born, a 
milestone in Computer Science [14] [11].

Programming
Unfortunately the state of art back then was that “Programming is one of the most 
difficult branches of applied mathematics; the poorer mathematicians had better 
remain pure mathematicians.” (prof. dr. E.W. Dijkstra). So high-level programming 
languages like FORTRAN [15], LISP [16], COBOL and BASIC  were developed to be 
easier in operation than the low-level programming language “Assembly”. Soon the 
limitations of these programming languages were met [17] [18], and more structured 
programming languages were developed, like Pascal [19] and C [20]. Evolving 
further, programming languages started getting new possibilities for data structures 
[21], and starting the 1990s the main academic innovations in the mode of operation 
were on the principle of programming productivity. Object Oriented programming 
languages with features like Garbage collection emerged, like Java [22], Python, 
PHP and Ruby.

Software	
  architecture
New programming dilemma's emerged, which could not all be solved in a solely 
technical manner. The research field of Software architecture was born. The 
Component-Oriented Software Development [23] theory solved software integration 
problems in a methodological and cultural way. And the Model-View-Controller 
paradigm [24] poses a way of thinking about programming that can help  solve 
software design complexity issues.
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Managing	
  software	
  development
Still, with all the academic innovations in the field of programming and software 
architecture, software application development projects still had different degrees of 
success with respect to finishing on-time and within costs [25]. The research field of 
software application development management developed various methods of 
managing software application development projects. The most prominent are the 
iterative methods, like the Waterfall model [25], and incremental methods like Agile 
programming [26]. 

Requirement	
  Engineering
But the primary  measure of success of a software system is the degree to which it 
meets the purpose for which it was intended [27]. The academic field of 
Requirements Engineering investigates and innovates on the ways to shorten the 
distance between the purpose and the development of the tool. And the newest 
methods of requirements engineering even recognize the value of systems as the 
purpose for building them [28].

1.2.2  Level  2:  The  science  of  managing  a  tool

Science has brought us a long way since the Lebombo bones. The academic fields 
developed tools to get the job  done for us, made the development of these software 
tools faster and improved the success ratio of software application development. So 
now there are more and more software applications in the field, how can we “get a 
grip on” them?

Software	
  complexity
The field of software complexity  research provide metrics for assessing the 
complexity  of software artifacts. Software metrics are focused on the internal 
structure of the software, such as functions, classes, programs or design documents 
[29]. Also the complexity of the application-domain knowledge can be regarded as an 
artifact of complexity  [30]. This internal software complexity seems to have a direct 
relation with the costs of Software maintenance [31].

Software	
  maintenance
The field of Software maintenance describes the problems and solutions to keep 
software matching to evolving requirements. This research focuses on several broad 
areas [32] :

• System dynamics, model the software as it changes over time, in order 
better to understand the underlying mechanisms.

• Maintenance processes; defining, measuring, improving, risk analysis, 
quality assurance.

• Studies of software change; impact analysis, change propagation.

• Products, linking software attributes to maintainability (from architecture to 
identifier naming conventions); higher levels of software abstraction.

• Program comprehension methods and tools, to link attributes to better 
cognitive understanding.
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• High level management, business and people issues; business models 
such as outsourcing and applications management.

• Legacy and reverse engineering, to recover a software asset that has 
become very hard (expensive) to maintain.

• Validation, ensuring that the software changes work as required, and the 
unchanged parts have not become less dependable.

The subject of all these area's is the maintenance of one software application.

Application	
  deployment
To better understand the complexity involved in applications and the deployment of 
these applications, we first investigate several concepts. This is based on previous 
work [33], which laid the groundwork for a framework of deployment concepts.

Concepts

Application
An application is a group of software components which together perform a certain 
action [34]. Furthermore, applications are defined as a special class of Information 
System that support business processes directly [6]. The application is visible to a 
user in the form of an entry point , usually a link, to the application.

Software deployment
According to [34] software deployment falls between the acquisition and the actual 
use of the application within a certain environment. This is further strengthened by 
the notion of [33], which states that this is the process of activities that takes place 
between the end of development and "the actual installation and maintenance of the 
application on consumer computers"

Release
To bridge the gap  between the end of the development of an application and the 
deployment of the application, the term release is used. During the release activity, 
an application includes packaging which consists of combining software components 
and configuration settings into a deployable application [33].

Deployer site
The deployer site is the location from where an application will be deployed. In most 
cases this is a software vendor or, when an application is developed in-house, the 
department that develops the application.

Consumer site
Consumer sites are the locations which receive a certain application. This is, for 
example, a single PC [33], but this could also be an enterprise [35].

Application management systems
To be able to deploy a certain release of an application, application management 
systems are used. These systems are used to deliver applications to consumers 
sites, usually within corporate environments [33]. These systems can control the 
deployment of applications to specific targets. 
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Enterprise	
  software	
  deployment

As application complexity  has increased due to a number of reasons [35] 
management of application deployment within an organization has also become 
more complex. Furthermore the fact that software vendors do not have any control in 
the environment their application will execute in [33], creates challenges in the 
enterprise environment. To be able to control and maintain applications within the 
organization, a model to overcome this challenge has been developed [35]. 

When an application or a new version of an application is released to the enterprise 
consumer, the application will first go through an assemble process [35]. During the 
assembly process, the application This assemble phase consists of the following 
steps:

• Unpack - The released application package is unpacked so its 
configuration can be modified

• Compose - The application configuration is modified, including corporate 
standards, for use within the enterprise environment, 

• Test - The application is tested according to the requirements of the 
enterprise environment

• Pack - The result of these actions is packed into a new package which 
can be deployed

If we put the effort required in perspective [35] states: “Then starts the compose 
activity. This is really  the core of the assemble activity. It takes a significant amount 
of time and human resources and cannot be fully automated. It consists in putting 
together components coming from different sources. This is mainly  a “manual" 
programming activity”

After the assembly process is complete, the application is ready for deployment. 
During the deployment preparation, which is called the predispose activity, the 
deployment strategy is determined. This includes the time, location and the manner 
in which the application will be deployed. Finally the deployment is offered to the 
end-users in the form of an advertisement. 
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These activities are depicted in the following figure [35]:

Although this model is sufficiënt for a conceptual view of an application deployment 
within an enterprise, it doest not answer questions regarding the impact and effort 
required for a mass migration of applications.

The model does give us insight in the steps needed to deploy an application into an 
enterprise, so we can use this model as a basis to further explain the complexities 
involved in a mass migration of applications. With our study we focus on the effort 
required during the assemble process as this is the most intensive task in terms of 
manual human intervention [35]. As it is human-executed tasks that define the 
project costs, this is the most interesting part to investigate.

!

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  12



1.2.3  Level  3:  The  science  of  managing  a  set  of  tools

On this level, the “set of tools” we are talking about is known as the “Information 
Services”. Managing the Information Services has posed new challenges for science 
to solve. The solutions come operationally and strategically, usually  in the form of 
methods, systems, standard or norms [36].

According to Derksen et al., the development of these Information Services quality 
models can be triggered by several factors:

• Enforced by law (e.g. Sarbanes-Oxley, IFRS or HIPAA)

• Projects structurization (e.g. PRINCE2, PMBoK or IPMA Competence 
Baseline)

• Improving revenue (e.g. Six Sigma or Balanced Scorecard)

• New organizational structures (e.g. eSCM for Service Providers)

• Customer demands (e.g. capability models like eSCM, Capability Maturity 
Model or the Growth Phases model)

The Sarbanes-Oxley (SOx), IFRS and HIPAA models are designed to regulate 
specific business processes to make sure organizations are compliant to certain 
rules and regulations. PRINCE2, PMBoK and IPMA Competence Baseline provide a 
structure and a common glossary for projects. The aim is to provide the 
fundamentals of project management as they  apply to a wide range of projects [37] 
[38].

The quality models that are aimed to improving revenue or living up to customer 
demands seem to have some consensus on the need to analyze the factors that 
have an impact on the process or product, and to learn from them to reach a higher 
quality level in terms of time, budget and product.

Six Sigma has a focus on the need for “intentional or explicit learning” to make 
improvements [39]. And the Balanced Scorecard model describes a focus on 
“problem solving and general organizational improvements” [40]. It also describes 
the need to measure the impacting factors before an organization is able to address 
them [41].

The Capability Maturity Model [42] is one of the models driven by Customer 
demands. The development of CMM was triggered by a need to have Software 
development “delivered on time and within budget”. It describes five levels of 
Maturity  of an organization that ultimately  result in an improved control over time and 
budget. Level 5 (the highest level: “Optimizing”) can only be reached when 
organizations analyze factors that have a negative impact on the software 
development process or product. With that, organizations can “establish a basis for 
learning, for taking action in a timely and well-informed way, and for improvement 
over time.” [43] 

The eSourcing Capability Model for Service Providers (eSCM) describes the 
methods an organization can develop  “a repeated set of management processes 
that will ensure high-quality  results, each and every time” [44]. These maturity 
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definitions and standards emphasize the need to analyze failures and learn from 
them to significantly improve the service process [45].

So the lesson what we can learn from peer research in the field of managing a set of 
tools is: to get to a higher level of maturity and efficiency, we need to learn from 
practice and identify factors that have a negative impact.

Application	
  portfolio	
  migrations	
  
Unfortunately, the migration of a set of software tools looks like an academic 
greenfield. We think this might be because this is a problem that can only be 
investigated from the perspective of a migration project in an organization making 
use of all these software tools. The metaphor: “investigating a running engine” might 
be very appropriate for this.

However, many organizations face the application portfolio migration challenge. In 
2010: “Forrester's analysis of more than 85,000 enterprise clients found that 
Windows XP, while still king, is finally beginning its long-anticipated decline in the 
corporate PC market.”. And in their lessons learned of 40 early adopter customers of 
Windows 7 they  warn: “Don't underestimate the application compatibility challenge.”. 
[3]

Apparently the application portfolio migration is an important issue: “a fairly 
consistent lesson we heard from early adopter customers is to ensure that you have 
enough human resources tackling these [application migration] tasks initially, 
particularly for multinational organizations that support thousands of applications 
worldwide — many of which were likely developed in-house.”

Gartner states the situation: “The tepid corporate response to Windows Vista 
indicates that, for most organizations, Windows 7 will be the first major OS migration 
project in more than six or seven years.”. They propose three phases to prepare for 
the Operating System Migration: [4] [5]

1. Information gathering (estimated lead time: 3 months)
2. Engineering & Testing (estimated lead time: 6 - 9 months)
3. Pilot testing (estimated lead time: 6 months)

Gartner stresses the focus on the application portfolio in each of these phases. The 
goal is clear: “All business- critical applications must be determined to work on 
Windows 7, while all user-critical applications must operate or have reasonable 
workarounds.”.

Based on this we think study in this field is relevant and necessary and we are ready 
to accept the challenge of leading the way to a broadening of the research field.
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1.3  Research  questions
In this study we investigate application portfolio migrations. We ask the following 
research questions:

1. What is an application portfolio migration?
2. Who are the main actors in these projects?
3. What do experts recognize as possible factors that might effect the time 

needed for an application migration?
4. How does this compare to a real case study project?
5. What are the opportunities for optimization?

1.4  Expected  outcomes
We expect that there are certain factors to be found that have an impact on the time 
needed to migrate an application to a new OS. We expect these factors can be 
measured as technical aspects or surrounding factors of the specific applications, 
and we are able to validate the factors in a case study. We also expect to find 
opportunities to mitigate the negatively impacting factors.

The results of our study will describe: 

• A description and analysis of an application portfolio migration project.

• A set of factors, believed to have an impact on application migration time.

• Validation results on a subset of these factors, gained by data from an 
actual project.

• An instrument to optimize application portfolio migration projects.
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2.  Research  strategy  and  methods

2.1  Strategy  in  detail

Strategy	
  for	
  research	
  question	
  1.	
  What	
  is	
  an	
  application	
  portfolio	
  migration?

Based on the context found in the “State of the art” chapter an application portfolio 
migration project is described and analyzed. This case study description is a 
qualitative research method and enlightens the field and the way work is performed 
within these projects.

Strategy	
  for	
  research	
  question	
  2.	
  Who	
  are	
  the	
  main	
  actors	
  in	
  these	
  projects?

In the case study project, we take the opportunity to find the main actors. These are 
described and visualized in relation to the project.

Strategy	
  for	
  research	
  question	
  3.	
  What	
  do	
  experts	
  recognize	
  as	
  possible	
  factors	
  that	
  might	
  
effect	
  the	
  time	
  needed	
  for	
  an	
  application	
  migration?

To answer this research question, we use interviews to harvest knowledge from 
experts. To elevate the quality of the knowledge, we use expert consensus methods 
to qualify the importance of these factors.

Strategy	
  for	
  research	
  question	
  4.	
  How	
  does	
  this	
  compare	
  to	
  a	
  real	
  case	
  study	
  project?

We try to confirm the findings of the previous research questions in a case study 
project. As described in [46], Qualitative methods can be used for exploratory 
purposes, and then quantitative methods for confirmatory purposes. Thus 
measurements are done in the case study  project to get quantitative data which can 
be generalized and validated using statistical methods.

Strategy	
  for	
  research	
  question	
  5.	
  What	
  are	
  the	
  opportunities	
  for	
  optimization?

Based on the results found we search for the scientific foundations and look for 
methods to mitigate the results of the impacting factors.

2.2  Strategy  in  practice
To optimize the external validity of our study we minimize to possibilities of 
interference by separating the case study research from the expert research. We 
divide the study into two phases. In the first phase of our study we use qualitative 
research methods to gather information from experts about the possible factors 
which might have an impact on the migration time of a software application. This 
answers research question 3, and serves as a qualitative basis for the quantitative 
case study research in phase 2. 

During the second phase we perform a case study. We use this case study in a 
qualitative manner to answer research question 1 and 2. We then use quantitative 
research strategies to test if the factors found in phase 1 really do have an impact in 
the practice of the case study, as a form of methodological triangulation. This 
answers research question 4.
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Finally  we put our findings back in a scientific context and pose strategies for 
mitigation to answer research question 5.

2.3  Phase  1:  Expert  knowledge

2.3.1  Phase  1a:  Expert  interviews

We start with eliciting information from technical experts who are specialized in the 
migration of applications in application portfolio migration projects. In the interviews 
we ask the interviewees to identify  possible factors which might have an impact on 
the time needed to migrate a software application. This results in a list of possible 
factors which is used in the next research phases.

We chose to perform one-on-one semi-structured interviews for this phase. One-on-
one interviews, instead of physical group techniques, give us the insurance our 
experts are not biased by  consented factors. This is important because that bias 
might increase the risk of missing out on important factors.

A structured interview technique would not suffice due to the fact that there is little 
scientific background in this field of research. On the other side, an open interview 
would possibly give us too little grip on the subject to form conclusions. Therefore we 
use a semi structured interview method and provide a framework in which 
interviewees can freely  transfer their knowledge and which also gives us the 
possibility to standardize results. 

Interviewees

We included experts in the field of application portfolio migration projects on the 
following inclusion criteria:

• More than five years of experience in the field of application portfolio 
migration projects, in more than five different projects.

• Multi-disciplinary expertise in these projects: technical as well as 
organizational.

We found three experts to be qualified and available for our research. Two experts 
are from The Netherlands and one expert is from the United Kingdom:

Marco Hagen (Application migration engineer, Hagen IT)
Abbreviated as “MH” in the results. Marco is an independent ICT professional 
specialized in application portfolio migration projects. As an application migration 
engineer he is responsible for the technical migration of applications. He has worked 
in many application portfolio migration projects over the years. His experience 
includes application portfolio migrations on many different platforms in many different 
organizations.
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Sophie Tidman (Technical consultant, ChangeBASE Limited)
Abbreviated as “ST” in the results. Sophie has worked at InstallShield - a software 
company internationally known for it's application migration tools - as an application 
migration engineer, responsible for the technical migration of applications. Currently 
she works at ChangeBASE, a UK based company “specialized in automated 
application compatibility testing and remediation software”. At ChangeBASE she 
focuses on all the technical application challenges during desktop OS migration 
projects. In her new role as a technical application migration consultant she assists 
organizations all over the world with application portfolio migration projects.

Ment van der Plas (Technical consultant, Log In Consultants)
Abbreviated as “MP” in the results. Ment worked as an application migration 
engineer for a large Dutch governmental organization. Afterwards he became a 
technical application migration consultant and trainer at Log In Consultants, an 
“international IT service provider specialized in migration, desktop deployment and 
application delivery”. He has been rewarded with notable awards, like the Microsoft 
Most Valuable Professional Award (MVP) on Microsoft Application Virtualization 
(Softgrid), hence his expert reputation in the field of application portfolio migrations.

Interview	
  strategy

The interviews are led by the researchers. All interviews are conducted in a similar 
structured manner:

1. Introduction.
In the introduction we describe the goals and usage of our research, and 
the role of the interviewee in this context.

2. Alignment of definitions.
Here we define the main definitions, to make sure we all talk about the 
same concepts.

3. Knowledge elicitation.
Iterative and circular knowledge elicitation until the satisfaction point has 
been reached. All identified factors are analyzed and labeled ad-hoc by 
two interviewers independently.

4. Validation
A validation of all elicited factors by method of teach-back, to confirm 
understanding.

Expected	
  results

The validated lists of factors are combined, and this is represented in a matrix of 
factors on one axis, and the experts that identified the factors on the other axis. A 
first sign of expert consensus is the overlap of factors between experts. 

We expect our experts to already show some overlap  in the factors they address. 
The representation of the results in a matrix makes this overlap visible. To make it 
possible to get an intuitive interpretation of the results, the matrix is ordered so that 
the most-overlapping factors are at the top, and the least-overlapping factors at the 
bottom. The ordering strategy is also a preparation for the next phase.
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2.3.2  Phase  1b:  Getting  expert  consensus

After performing and processing the semi structured interviews, we try to reach 
expert consensus. By reaching expert consensus we get the opportunity to focus on 
the most important set of possible impacting factors during the Case study in the 
next phase. 

We want to take every opinion into account but we are not able to get the experts in 
the same physical location. Therefore we perform a combination of the nominal 
group technique and the Delphi method to reach expert consensus.

Nominal	
  group	
  technique

The nominal group  technique is a decision making method for use among groups of 
many sizes, who want to make their decision quickly, as by a vote, but want every 
opinion taken into account. This is as opposed to traditional voting, where only the 
largest group is considered [47].

The expert will start with writing down their opinions, and then as a group  all opinions 
are ranked according to their relative importance according to the expert. The 
method of group-ranking is that each expert will give their own ranking. These results 
are scored so that the number 1 option gets the highest score, and the bottom option 
the lowest score, and the scores for each opinion are added to each other. The 
opinion that has the highest score is treated as the most important consented factor.

As it is geographically and plan-wise difficult to join all the experts together at the 
same time, we are unable to use the nominal group  technique in our research. We 
do, however, use the group-ranking method in our research.

Delphi	
  method

The Delphi method is a systematic, interactive forecasting method which relies on a 
panel of experts. The experts answer questionnaires in two or more rounds. After 
each round, a facilitator provides an anonymous summary of the experts' forecasts 
from the previous round as well as the reasons they provided for their judgments. 
Thus, experts are encouraged to revise their earlier answers in light of the replies of 
other members of their panel. It is believed that during this process the range of the 
answers will decrease and the group will converge towards the "correct" answer. 
Finally, the process is stopped after a pre-defined stop  criterion (e.g. number of 
rounds, achievement of consensus, stability of results) and the mean or median 
scores of the final rounds determine the results [48]. The Delphi method is usually 
used when experts are geographically separated as is the case in our research.

As we already perform one-on-one interviews with our experts, we have a head-start 
with the questionnaire rounds. We start with the results of the previous phase and 
perform the inter-expert influence from there.
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Consensus	
  strategy	
  

First round
During the first round of the Delphi technique we send each interviewee the list of his 
or her identified factors. The interviewee is asked to validate the formalized factors to 
be sure no misunderstanding corrupts our results. 

In the lists, similar factors from the other interviews are combined with matching 
overlapping factors. Those overlapping factors are anonymously summarized to 
common identified factors. This summarizing of factors will result in expert interaction 
when the experts validate these common factors as their own.

Second round
During the second round of the Delphi technique we send the complete combined list 
of factors to the interviewees for them to rank all factors by presumed order of 
impact. As an extra method of interaction between the experts, we now also list the 
number of experts that identified that factor. The ordering of the factors is by amount 
of overlap - most overlapping factor on top - for this will make the results of the 
overlap more visible, and thus the interaction between the experts more intuitive.

Expected	
  results

The ranking is summed up for every factor and the factor with the highest amount of 
points is regarded as the most consented - and thus deemed the most important - 
factor.

We expect our experts to have a clear preference on some of the factors, so that a 
strong top  segment of factors will be seen. We expect other factors to be clearly 
ranked at the bottom, being clearly regarded as low-impact factors.

The result of this phase is a more reliable ordering of the results from the previous 
phase. Based on this ordering we can select the most important factors for further 
investigation in the next phase.

2.4  Phase  2:  Case  study
We perform a case study at one of the top  3 large Dutch insurance companies where 
we use the top 15 most impacting deemed factors of the first phase of our research 
study as input.

The organization is an internationally operating insurance, pension and investment 
products company with the number of employees ranging in the 5-digit scale, and 
the total number of customers in the 8-digit scale. The corporate headquarters is 
based in the Netherlands.

2.4.1  Project  set-up

The organization in this case study migrates from a Microsoft Windows 2000 desktop 
OS to a Microsoft Windows Vista desktop  OS. As the expertise and manpower is not 
present within the organization itself, the project is executed by  a large Dutch system 
integrator, which specializes in transition and management of IT infrastructures.
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The project is divided into two project teams; a migration team and an application 
migration team. The migration team is responsible for the end-to-end migration of all 
computers within the organization and the application migration team is responsible 
for the end-to-end migration of the application portfolio based on the new platform of 
the insurance company.

The application migration team consists of engineers from different organizations 
which all specialize in application migrations.

2.4.2  Application  portfolio

The application portfolio of the organization in the case study consists of around 360 
applications which are diverse and consists of software applications licensed for use 
from third party  software vendors (known as “Common Of The Shelf” software 
applications), and applications that have been developed in-house specifically  for the 
organization. 

2.4.3  Application  portfolio  migration  project

The application portfolio migration project consists of many sub-projects, consisting 
of the migration of a single application. 

The goal of the application portfolio migration project is to migrate all software 
applications that are in-use by an organization to the new target platform without 
losing application functionality but also without adding new functionality. 
Furthermore, this has to be performed without disrupting business continuity.

To be able to understand the application migration case study, we provide a brief 
description of the migration process of a single application. This is based on the 
project documentation from the case study project. 

Main	
  actors

• Application owners
The application owners are responsible for a single application or a group 
of applications within an organization. The application owners provide 
information about ! the applications to the engineers of the migration 
project. Furthermore they test the applications for production suitability 
after the technical migration.

• Application migration engineers
The application migration engineers are concerned with the technical 
migration of the software applications. Furthermore, the application 
migration engineers validate the output of an application owner and assist 
with the testing of the finished product.

In the application migration case study, the total amount of application owners is 63. 
The total number of application migration engineers fluctuates between 3 and 11 
during the project. This is determined by the workload of the project.
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Phases
The main actors and phases are described in the following picture:

!

1.	
  Requirements	
  gathering

During this phase, an application owner gathers all information needed about an 
application so the application can be migrated. This includes an installation manual 
and the source files of the application.

Task Responsibility

Gathering information on application Application owner

2.	
  Intake

This is the official moment of information transfer between an application owner and 
the application migration team. The application source files and documentation are 
checked. The test plan is carried out to make sure all functionality required is also 
available on the target platform.

Task Responsibilty

Transfer validated application 
information from application owner to 
application migration team

Application owner / 
Application migration team
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3.	
  Engineering

In the engineering phase an application migration engineer uses the information 
gathered in the intake phase to perform a technical migration of the application to the 
new platform. 

Task Responsibility

Technical migration of the application 
to the new platform 

Application migration team

4.	
  Acceptance

During this phase the application owner tests the application for complete 
functionality and completeness. When an application owner accepts the application, 
it is ready for use in the production environment.

Task Responsibility

Validate application for correctness 
on the new platform

Application owner / 
Application migration team

Process	
  Blow	
  
The application portfolio migration process used by the company in the case study is 
sequential and is divided into several consecutive phases. This process flow 
resembles a Waterfall model [25] - as used in software development projects. The 
following picture describes the flow of the process:
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In the case when a fault or error is detected during one of the phases, the application 
returns to an earlier phase and then all subsequent phases are executed again. The 
earlier phase in the process the application returns to does not have to be the first 
phase; this depends on the fault that has been detected.

Waterfall	
  like	
  model

The waterfall model is one of the oldest software development methods. Its steps 
resemble a waterfall like movement towards a finished product, with each 
consecutive step adding value to the finished product. 

One of the major flaws of the waterfall model, is the fact that it is not flexible when 
requirements change. When requirements change, the complete process needs to 
be repeated from the first steps onward [49]. As can be expected, this can lead to 
several ineffective development cycles which requires extra time and thus costs.

One of the characteristics of the application portfolio migration is the fact that 
application requirements rarely change; the migration of existing functionality to the 
new platform is the main purpose. Therefore, one of the biggest disadvantages of 
the Waterfall model can be minimized; when the requirements for a single 
application are complete, the application can be migrated. 

The completeness of the requirements can be validated when an application owner 
tests the application before it will be migrated to the new platform. This step  is 
performed after the requirements gathering phase during the intake phase.

To minimize the risk of faults in a later stage of the migration process, each process 
phase has a test suitable for the phase performed. Before information is processed 
to the next phase, a validation test is performed. This ensures quality  especially in 
the final stage during acceptance testing and minimizes application errors during the 
application migration process.

Case	
  study	
  information	
  sources
The information sources which are used by the researchers during the case study 
are divided in the following categories:

• Time registration tooling

• Application dossiers

• Project management tooling

• Deployment tooling

Time	
  registration	
  tooling

During the migration project, the application migration engineers have to track their 
time spent on the engineering of a particular application. A time registration tool is set 
up  to facilitate this process for the engineers. All unique application numbers are pre-
loaded into the tool to prevent registration errors as much as possible. Also, during 
the project, the times entered by engineers is monitored by the researchers, and 
deviations in quality (e.g. missing hours) are flagged to be corrected.
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Application	
  dossiers

Application documentation in application portfolio migration projects are divided in 
several sections. These sections provide different kinds of information for different 
stakeholders. 
The first section of application documentation consists of meta information. Typical 
information of this section is:

• Application name

• Application owner

• Relations with other applications

The next section is the installation manual. This section consists of a step by  step 
installation flow which results in a functional application.
The following section is the section containing Package notes. Package notes give 
insight in the engineering process of the application. An application migration 
engineer writes information which he/she deems important about the application. 
The final section is the test plan. The test plan is a step by step plan which covers 
the complete functionality of an application. This is used to determine if an 
application has been migrated according to specification.

Project	
  management	
  tooling

To be able to track progress and issues, management tooling is used during the 
migration project. Major steps are recorded to be able to track progress of the 
project. The status of an application, which will be used to track errors after an 
acceptance test has been performed, will be used as an input for our data gathering.

Deployment	
  tooling

To be able to deploy applications in a large managed corporate environment, 
deployment tools are used. This is also the case at the company of the case study. 
The deployment tool has a database of application dependencies with one another. 
We use the information of this database to further enrich the data of our case study 
results.
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Case	
  study	
  strategy

1.	
  Measure	
  migration	
  time	
  needed	
  for	
  each	
  application

The time needed for the technical migration of the applications - measured in hours - 
is recorded in the case study project, by the application migration engineers. At the 
end of the project an export of all time sheets from the time registration tooling is 
performed, and all time spent on an application are added together. This results in a 
list of total engineering time per application.

2.	
  Assess	
  factor	
  measurability

We examine the possibilities for measurement of the possible impacting factors in 
the case study. Factors that can not be measured in the case study are filtered out.

3.	
  Assess	
  factors	
  for	
  each	
  application

A strict quantification model is constructed for each remaining factor and these 
factors are quantified for a random subset of 99 migrated applications in the case 
study. 

4.	
  Statistical	
  analysis

The information about the application migrations gathered in step 1 and 3 are 
combined in a statistical analysis to asses the possible interactions in the case study. 
We investigate the interactions between the potentially impacting factors and the 
measured engineering time per application. Factors that occurred in less than 5% of 
the cases are deemed to be insufficiently represented in the case study, and are left 
out of the analysis.

Step 1. Individual factor investigation
All factors are individually investigated by using several statistical tests. 
First we describe the difference between two groups, by using boxplots. 
After this, we perform the Mann-Whitney, Kaplan-Meier and Mantel-Cox 
tests.  

Boxplots
Boxplots are used to visually describe distribution of values [50]. It also 
shows outliers which give abnormal results.

Mann-Whitney test
With the Mann-Whitney  test it is possible to analyze two groups of cases 
and report if there is a statistical difference between the two groups [51]. 
As we can divide each factor in being true or false, this test can give 
statistical results about the impact of a factor.

Kaplan-Meier
The Kaplan-Meier test is used to visually  show the difference between two 
groups, in the case a factor is true or false. It takes time into account from 
start of development, till the application has been migrated [52].
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Mantel-Cox
By analyzing the areas under the curve of both lines in the Kaplan-Meier 
figure, we can determine if there is a significant difference between a 
factor being true or false. This difference can be calculated by using a 
logrank test (Mantel-Cox). As it takes time into account, this gives a more 
refined statistical results [53]. 

Overall
With these tests we want to find correlations between time (dependent 
variable) and the investigated factor (independent variable). 

Step 2. Complete regression analysis
We perform a regression analysis by  using the Cox Regression test. With 
this test we want to find the factors, when all factors are combined, with 
the highest impact and significance.

After this test a step-wise regression analysis is performed with a forward 
selection in order of predictive power, starting with the highest predictive 
power. This step-wise analysis gives us insight in the proportions of 
predictive power of the impacting factors.

Expected	
  results
The top 15 factors are presented in an overview with their statistical significance in 
the case study, together with the statistical impact. This overview shows the top 
factors elicited from the experts in phase 1 in the light of the actual case study 
project.

We expect to see significant correlations between the factors our experts address, 
and the development times we measure in the case study. This correlation proves 
the impact of the factors on the case study project. As the expert consensus phase 
was conducted without a link to the case study project, we can assess the case 
study project as a random a-select sample, and this might provide some basis for 
generalization.
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3.  Data  analysis  and  Results

3.1  Phase  1:  Expert  knowledge

3.1.1  Phase  1a:  Expert  interviews

In Addendum A we present the validated interview results per interviewee. Each 
factor is normalized in the way that when the factor is “true” or “large”, the migration 
of the software application will supposedly take more time.

These results are grouped by common factor and presented in the following matrix, 
in order of overlap. The right columns indicate the interviewees bringing up that 
factor and the code refers to their interview results in Addendum A.

MH ST MP

F01 Application has a connection to specific hardware MH23 ST2 MP15

F02 Application has not been tested on target platform MH4 ST18 MP1

F03 Application has pre-requisites MH2 ST15 MP5

F04 Installation time needed for installation MH6 ST14 MP22

F05 Application contains legacy device driver 
installation

MH3 ST10

F06 Application does not have an application owner 
available ad-hoc

ST17 MP18

F07 Application functions in combination with other 
applications

MH20 MP6

F08 Application has a machine or user specific license MH10 MP13

F09 Application has organization-specific 
customization

ST6 MP10

F10 Application installation source is not supplied in 
the MSI format

MH1 ST5

F11 Application makes use of a backend system which 
is unavailable from within the development 
environment

MH17 ST12

F12 Application needs extra local permissions to 
function

MH21 MP9
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F13 Application test manual is not available or 
incomplete

MH14 MP3

F14 Number of files in shared locations MH8 ST7

F15 Number of major steps in installation manual MH7 MP8

F16 Size of installation source MH5 MP21

F17 Size of test plan ST13 MP24

F18 Application contains self registering com files ST9

F19 Application has been developed in-house ST1

F20 Application has files or registry keys already used 
by another application

MP19

F21 Application has organization-specific machine-
based customization

MH11

F22 Application has organization-specific user-based 
customization

MH12

F23 Application includes a form of authorization MP16

F24 Application includes a form of authorization but 
credentials are not supplied in installation manual

MH18

F25 Application includes Session 0 Services. ST11

F26 Application installation causes DLL conflicts MH9

F27 Application installation describes non-generic 
customizations

MP11

F28 Application installation information is not available 
online, e.g. communities

MH16

F29 Application installation makes changes to shared 
network data

MH22

F30 Application installation manual contains steps that 
cannot be automated

MP14

F31 Application installation manual is incomplete MH13

F32 Application installation needs reboot MH25

F33 Application installation source is supplied in the 
MSI format

MP23
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F34 Application installs a server component on the 
client

MH26

F35 Application is an upgrade to a previously deployed 
version

MP7

F36 Application is externally configured MH19

F37 Application is not the newest available version of 
this application

ST16

F38 Application makes use of a backend system ST3

F39 Application makes use of a backend system, 
which is different for DTA

MP17

F40 Application makes use of deprecated functions not 
available on new platform

ST4

F41 Application needs changes to computer BIOS 
configuration

MH24

F42 Application vendor does not supply a 
customization tool for the application installation

MP20

F43 Application vendor does not supply installation 
documentation

MH15

F44 Application will be used by multiple users on one 
machine

MP4

F45 Application will be used on multiple platforms MP12

F46 Different geographical location of application 
migration engineer and application owner

MP2

F47 Number of registry items in system locations ST8

3.1.2  Phase  1b:  Expert  consensus

In Addendum B we present the full list of anonymized elicited factors, as presented 
to the interviewees for ranking. In Addendum C  we present the ranking-results from 
our experts.

Based on the nominal group technique, each factor gets a score based on its ranking 
so that the number 1 option gets the highest score, and the bottom option the lowest 
score. Then the scores for each factor are summed up  and the factor that has the 
highest score is treated as the most important consented factor.

This research phase resulted in the following ranked list of possible impacting 
factors, in order of rank:
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Overall	
  
Rank

Factor Description Total	
  
Score

1 F11 Application makes use of a backend system which is 
unavailable from within the development environment

130

2 F24 Application includes a form of authorization but 
credentials are not supplied in installation manual

126

3 F30 Application installation manual contains steps that cannot 
be automated

124

4 F40 Application makes use of deprecated functions not 
available on new platform

123

5 F06 Application does not have an application owner available 
ad-hoc

110

6 F07 Application functions in combination with other 
applications

109

7 F08 Application has a machine or user specific license 107

8 F01 Application has a connection to specific hardware 96

9 F15 Number of major steps in installation manual 95

10 F22 Application has organization-specific user-based 
customization

89

11 F13 Application test manual is not available or incomplete 87

12 F31 Application installation manual is incomplete 86

13 F39 Application makes use of a backend system, which is 
different for DTA

85

14 F41 Application needs changes to computer BIOS 
configuration

85

15 F05 Application contains legacy device driver installation 83

16 F38 Application makes use of a backend system 82

17 F36 Application is externally configured 79

18 F10 Application installation source is not supplied in the MSI 
format

78

19 F04 Installation time needed for installation 77

20 F03 Application has pre-requisites 76

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  31



21 F25 Application includes Session 0 Services. 74

22 F12 Application needs extra local permissions to function 73

23 F21 Application has organization-specific machine-based 
customization

73

24 F45 Application will be used on multiple platforms 72

25 F23 Application includes a form of authorization 70

26 F09 Application has organization-specific customization 69

27 F43 Application vendor does not supply installation 
documentation

68

28 F20 Application has files or registry keys already used by 
another application

68

29 F35 Application is an upgrade to a previously deployed 
version

65

30 F29 Application installation makes changes to shared network 
data

64

31 F16 Size of installation source 64

32 F02 Application has not been tested on target platform 64

33 F27 Application installation describes non-generic 
customizations

60

34 F26 Application installation causes DLL conflicts 60

35 F44 Application will be used by multiple users on one machine 58

36 F14 Number of files in shared locations 50

37 F32 Application installation needs reboot 46

38 F37 Application is not the newest available version of this 
application

45

39 F17 Size of test plan 42

40 F46 Different geographical location of application migration 
engineer and application owner

42

41 F34 Application installs a server component on the client 42

42 F19 Application has been developed in-house 38

43 F47 Number of registry items in system locations 34
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44 F18 Application contains self registering com files 33

45 F28 Application installation information is not available online, 
e.g. communities

31

46 F33 Application installation source is supplied in the MSI 
format

29

47 F42 Application vendor does not supply a customization tool 
for the application installation

23
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3.2  Phase  2:  Case  study
With the quantitative data from the case study we perform a statistical analysis to 
confirm the findings of phase 1. We describe our observations from several 
viewpoints. First we determine the overall characteristics of the development times in 
the case study. After this we analyze the statistical relationship between the 
development times and each factor individually. Finally we analyze all factors 
together and determine their effect on engineering time.

3.2.1  Case  description

Of the total amount of 360 applications which were migrated, we examined 96 
applications. These 96 applications were chosen random a-select and consisted off 
many different COTS applications. When an application did not require any technical 
migration, the application was eliminated from the examined group  of applications as 
no engineering was needed (migration engineering time: zero hours).

For each application the total engineering time was calculated to be used for 
analysis. Because each engineering hour needs to be paid for, this total engineering 
time is directly proportional to the costs involved to technically  migrate the 
application. With this engineering time per application we are able to make a 
histogram in which we can see how the engineering times are distributed. For 
example, it can show us if there are many applications with an engineering time in a 
certain time range or if engineering times are distributed evenly.

The histogram for the recorded Engineering times:

!
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The figure shows us that the engineering times are not distributed normally and that 
the distribution is therefore non-gaussian. A normal distribution would have a little 
group of applications in the first range of time, followed by a larger group in the 
middle and again a little group of applications in the end, like a bell shape.

The histogram has a right skewness; this means that most applications are situated 
on the left of the histogram with a few applications in the ‘tail' of the histogram. This 
can be clearly seen visually, with the largest group  of applications having an 
individual engineering time under 12,5 hours. The mean of all the engineering times 
is 8,82 hours; this means that on average it takes 8,82 hours for an engineer to 
migrate an application. 

To have more insight in the distribution of the cases, we created a Q-Q plot. Q-Q 
plots are used to determine if observed values adhere to the expected normal 
values. 

As can be seen in the figure, the observed values (circles) are not aligned to the 
expected normal values. This further shows that the distribution of this population of 
cases is non-gaussian. With a non-gaussian distribution, we can use specific non-
parametric statistical tests like a Mann-Whitney test, Kaplan-Meier and Mantel-Cox 
tests.
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3.2.2  Factors

Factors	
  prevented	
  by	
  project	
  design
Several factors that the experts recognized did not occur within the case study 
project. Upon further inspection, these factors apparently were prevented by the 
project design. This prevention was prior to the start of the project and independent 
of our expert research study (phase 1 of this thesis). These prevented factors are 
described below:

Factor F11: Application makes use of a backend system which is unavailable from 
within the development environment (Ranked Nr. 1) and Factor F39: Application 
makes use of a backend system, which is different for DTA (Ranked Nr. 13)
In the case study, there was no special “development environment” to hinder the 
application migration. All applications were tested in the operational “production 
environment” on the production backend systems. The application portfolio migration 
project was considered a special kind of development project for all applications 
were already  used in the production environment. The risks of performing the 
migration project in the production environment was thus deemed small.

Factor F40: Application makes use of deprecated functions not available on new 
platform (Ranked Nr. 4) and Factor F05: Application contains legacy  device driver 
installation (Ranked Nr. 15)
In the case study  the project was set-up so that not one incompatible application 
entered the technical migration project. Before an application got through the “intake” 
checks, the application was tested technically and functionally  on the target platform. 
These functional checks are a part of the “Tortola Application Migration Method”. Any 
application that could not pass these tests was intercepted before it could create 
problems in the technical migration. The intercepted applications went into a 
remediation phase, where a compatible version was found to be used on the new 
platform. So while this factor did occur in the application portfolio migration project, 
steps were taken in the project design to ensure this factor was fixed as early in the 
project as possible. According to Paulk [54]: "developers should plan testing early 
and develop test cases in parallel with requirements analysis". According to Steve 
McConnell [55], errors found as early as possible in the process hugely benefit the 
total effort which is needed to fix the problem. 

Factor F31: Application installation manual is incomplete (Ranked Nr. 12)
A positive side-effect of testing all applications technically and functionally before 
letting it enter the technical migration phase is that all application installation 
manuals need to be complete before the tests are possible. Thus preventing this 
factor from occurring during the technical migration phase, this aides in reduced 
effort to migrate applications. Again this is due to the effect Steve McConnell [55] 
describes in his book. This prevention method is also part of the “Tortola Application 
Migration Method”, thus this factor had no effect in the case study.

Not	
  measured	
  in	
  case	
  study
Factor F06: Application does not have an application owner available ad-hoc 
(Ranked Nr. 5) This factor was not measured in the case study for the technical 
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migration engineers have had contact with the application owners during 
engineering, but due to the distributed and ad-hoc nature of this communication, we 
could not get reliable enough data on this factor in hindsight.

Finally, three factors (F08: “Application has a machine or user specific license”, F30: 
“Application installation manual contains steps that cannot be automated” and F41: 
“Application needs changes to computer BIOS configuration”) were insufficiently 
represented in the case study (below 5% representation) and were left out of the 
final analysis.

Factors	
  measured	
  in	
  case	
  study
The remaining factors are assessed using the methods described in addendum D. 
These factors are (in order of expert-deemed importance):

• Factor F24: Application includes a form of authorization but credentials 
are not supplied in the installation manual

• Factor F07: Application functions in combination with other applications

• Factor F01: Application has a connection to specific hardware

• Factor F15: Number of major steps in installation manual

• Factor F22: Application has organization-specific user-based 
customization

• Factor F13: Application test manual is not available or incomplete

3.2.3  Statistical  analysis

Univariate	
  testing
Univariate tests asses each factor one at a time, and gives more insight in the 
characteristics of the specific factor. All factors have been examined on the cases. 
This has been performed with two approaches as this gives a better statistical result:

1. Boxplots and Mann-Whitney
For each factor we created boxplots, to visualize how the values are 
distributed compared to each other. With these boxplots we are able to 
find the outliers (cases with irregular values). These outliers are analyzed 
in a later chapter to find out what has possibly caused the application to 
have an abnormal value.
The factors were then statistically analyzed using the Mann-Whitney  test. 
This test shows the statistical significance, which tells us if the factor 
hypothesis is true. 

2. Kaplan-Meier and Mantel-Cox
To further analyze the factors we used the statistical analysis of Kaplan-
Meier and the Mantel-Cox tests. The results of the Kaplan-Meier test is a 
figure in which two lines representing the factor - being true or false - can 
be seen. It is then possible to compare the area under the curve of these 
lines and see if there is a statistical difference. This is analyzed using the 
Mantel-Cox test. 
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To be able to confirm the assumption a factor has an effect, we need a statistical 
significance of at most 0,05. This means we are at least 95% certain that the effect is 
not coincidental.

Factor	
  F24:	
  Application	
  includes	
  a	
  form	
  of	
  authorization	
  but	
  credentials	
  are	
  not	
  
supplied	
  in	
  the	
  installation	
  manual

1.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test

In this boxplot we see that there is a difference between the two groups of 
applications; one group consisting of applications where Factor F24 is true, the other 
being the group of applications where Factor F24 is false. The group of applications 
for which the factor value is false seems to have less engineering time then the 
group of applications for which the factor value is true. 
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The Mann-Whitney test gives statistical significance to this claim. The tables above 
give some extra information on the number of application (N) for which F24 was true 
(15) or false (81), but the value we are looking for is the Asymp. Sig. (2-tailed) label 
in the Test Statistics table which gives us the significance value. In this case, this is 
0,005 which means we can state the hypothesis for this factor is true, and we can 
confirm Factor F24 has had an effect on the development times in the case study.
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2.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

The Kaplan-Meier test displays two lines representing the groups of applications 
divided by the fact if the factor is true or false. In this figure there is a difference 
between the two lines. To be able to determine if it also has a statistical significance, 
we performed a Mantel-Cox test, which involves comparing the areas under both 
curves.  We can see that the area under the curve of the true line is larger then 
under the curve of the false line. This means that applications, when the factor is 
assessed as true, take more time to complete then when the factor is assessed as 
false. This is confirmed by Mantel-Cox in the table Overall Comparisons in which the 
value (Log Rank) of this test is 0,022. This means that the hypothesis for this factor 
is true as well, and we can confirm that the Factor F24 has had an effect on the 
engineering times in the case study.
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Factor	
  F07:	
  Applications	
  function	
  in	
  combination	
  of	
  other	
  applications

1.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test

With Factor F07 we see a situation the experts did not anticipate; the impact of an 
application functioning in combination with other applications is actually reversed. 
According to this result, this means that when applications function in combination 
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with each other, it actually takes less engineering time to migrate them instead of 
standalone applications.
If we now check the table Test Statistics from the Mann-Whitney test, we see that the 
significance of this factor (Asymp. Sig.) is 0,016 which shows us that this assumption 
is significant.

2.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

If we take a look at the Kaplan-Meier figure, we can see a difference as well, 
although it is not statistical significant anymore; according to the Mantel-Cox test, 
shown in the table Overall Comparisons, it is 0,074. We can see a trend, but more 
cases need to be examined to prove the assumption.

Possible reasons for this factor having the opposite effect then anticipated could be 
explained by  the fact that the application portfolio consisted of many applications 
which required a client application to function. This is for example the case with 
applications which depend on the Oracle client software. In most cases, the 
dependent applications only  make use of a shortcut and/or a small set of files, 
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therefore the engineering time of these applications is very low compared to 
standalone applications. As this is an assumption, this should be investigated in 
future research.

Factor	
  F01:	
  Application	
  has	
  a	
  connection	
  to	
  speciBic	
  hardware

1.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test
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When we look at the boxplot of Factor F01, we see there is a large spread when 
applications are assessed as true. The large spread is caused by the fact that there 
are not many values assessed as true. This can be seen in the Rank table of the 
Mann-Whitney test in the column N; there are only 6 applications for which this factor 
was true.
This factor is almost significant with a value of 0,063 according to the table Test 
Statistics of the Mann-Whitney  test. With this value we can see that there is a trend, 
but more samples are needed to prove the assumption.

2.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

If we take a look at the Kaplan-Meier figure we can see that the area under the curve 
for true is larger then for false. This is also proved by the table Overall Comparisons 
of the Mantel-Cox test, which gives a significance of 0,039 for this factor. However, 
because the Mann-Whitney  test is not significant more research needs to be 
performed to prove this hypothesis. 
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Factor	
  F15:	
  Number	
  of	
  steps	
  in	
  installation	
  manual
With Factor F15 we have a different case compared to the other factors. The factor 
does not describe a situation being true or false, but it describes the number of steps 
which is required to install a certain application. To be able to perform statistical 
analysis and compare this factor to the other factors, we examined this factor further. 

1.	
  Histogram

As we can see, the histogram has a right skewness, so the distribution is again non-
Gaussian. The mean of the number of steps is 4,85, which means that on average 
an application takes almost 5 steps to install completely. 
To be able to continue the statistical analysis, we created two groups and divided the 
applications in groups with less or more then 5 steps. This gave us the best results 
with a good distribution between the two groups.
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2.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test

As we can clearly see, the significance of this assumption is that the engineering 
time of an application increases with the number of steps. More precisely: When an 
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application has more then 5 installation steps it takes significantly more time to 
migrate the application.

3.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

!
If we look at the Kaplan-Meier and the significance of the assumption, we can see 
that the two lines are clearly  apart from each other. The table Overall Comparisons 
of the Mantel-Cox test shows this significance of 0,003. This proves that the 
hypothesis is valid and that the number of steps negatively impacts engineering time.
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Factor	
  F22:	
  Application	
  has	
  organization-­‐speciBic	
  user-­‐base	
  customization

1.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test
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With Factor F22 we see a different result. The boxplots are not very different from 
each other, which suggests that the two groups of applications are very similar. The 
Mann-Whitney test proves this as there is no significant difference in engineering 
time whether this factor is true or false. This can be seen in the table of Test 
Statistics which shows a significance of 0,173.

2.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

In the Kaplan-Meier figure, we can see the same results as could be seen in the 
Mann-Whitney test for this factor: the lines are very close to each other which 
suggests that the development times within these groups of applications are very 
similar to each other.
The Mantel-Cox test shows that we can disprove this hypothesis as we can see in 
the table Overall Comparisons, which gives us a statistical significance of 
0,351.Therefore we can disregard the impact of Factor 22 on engineering time.
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Factor	
  F13:	
  Application	
  test	
  manual	
  is	
  not	
  available	
  or	
  incomplete

1.	
  Boxplot	
  and	
  Mann-­‐Whitney	
  test
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With Factor F13 we again see a same result in the boxplots; the boxplots look very 
similar which suggests that the factor does not have an impact on engineering time. 
When we look at the found significance in the Test Statistics table of the Mann-
Whitney test, we see that the found significance is 0,311. Thus the impact of this 
factor is not significant.

2.	
  Kaplan-­‐Meier	
  and	
  Mantel-­‐Cox	
  test

The Kaplan-Meier figure shows that there is a difference between the two lines, but it 
does not look significant.  The Mantel-Cox test proves this; the significance value 
found in the Overall Comparisons table is 0,261 which means we the impact of this 
factor is again not significant.
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Outliers
We created a list of all outliers for all factors and examined why these applications 
required irregularly more engineering time compared to other applications.

Application	
  0361

Occurrence: 6 times
Outlier in factor: F24, F07, F01, F15, F22, F13
Possible explanation: This application was incorrectly  submitted as validated to the 
migration process. One of the problems was the fact that the source files were not 
correct. Furthermore, the requirements regarding the functionality  of the application 
were not complete. As these faults were detected during the last phase of the 
migration process, the acceptance phase, the application had to be re-engineered. 
This took a considerable extra amount of time.

Application	
  0457
Occurrence: 6 times
Outlier in factor: F24, F07, F01, F15, F22, F13
Possible explanation: This application has been engineered several times, due to 
several inconsistencies in the test plan which should not have resulted in the 
application validated for migration. Secondly, errors were made by the engineering 
team which caused extra development time.

Application	
  2390
Occurrence: 5 times
Outlier in factor: F24, F07, F15, F22, F13
Possible explanation: This application depended on hardware to function correctly. 
As the hardware was not present during engineering, the engineers had difficulty 
migrating the application.

Application	
  0050
Occurrence: 5 times
Outlier in factor: F24, F07, F15, F22, F13
Possible explanation: Not all requirements regarding the application were present 
during development. This caused the application to not be accepted in the 
acceptance phase. Also, this application had technical complexities, resulting in 
more engineering hours.

Application	
  0794
Occurrence: 5 times
Outlier in factor: F24, F07, F01, F22, F13
Possible explanation: The installation manual and test plan of this application were 
not correct for the version which was migrated. After development, a new installation 
manual and test plan were supplied, which were used to create a new version of the 
application.
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Application	
  1227

Occurrence: 4 times
Outlier in factor: F07, F15, F22, F13
Possible explanation: This application is a client application for other applications. 
Due to technical issues, this application was created in two specific versions, which 
took more engineering time. Furthermore, an error was found just before the 
acceptance phase, so the application had to be slightly re-engineered to fix the error.

Application	
  2689

Occurrence: 4 times
Outlier in factor: F07, F15, F22, F13
Possible explanation: The application 2689 made use of hardware (a dongle), but 
during the intake phase the application had only been tested with a new version of 
the hardware. During the acceptance test the old dongle was used and this did not 
work correctly. Therefore the application had to be engineered again to 
accommodate the old dongle. 

Application	
  0321

Occurrence: 4 times
Outlier in factor: F07, F01, F22, F13
Possible explanation: During the engineering phase of this application, there were 
many technical difficulties migrating the application to the new platform. This was 
due to the fact that the application could not be deployed according to the project 
deployment guidelines. A fallback scenario was followed, but this also required extra 
engineering time.

Application	
  2609

Occurrence: 4 times
Outlier in factor: F07, F01, F22, F13
Possible explanation: No real explanation can be found for the extra engineering 
time of this application.

Application	
  1031

Occurrence: 3 times
Outlier in factor: F07, F01, F13
Possible explanation: The application could only be tested by  the application owner. 
This created difficulties during engineering, as the engineered result could not be 
tested. This eventually resulted in extra engineering time as the application had to be 
re-engineered after a failed acceptance test.
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Multiple	
  factor	
  impact	
  analysis
After the individual factor analysis, we analyze all factors together to see if they 
interact. We start the analysis with the Cox-Regression test and then do a stepwise 
regression analysis to analyze the effects of the results.

Cox	
  regression	
  test

To evaluate the impact of the factors on the development time of the examined 
applications, we use the Cox regression test. This test shows which factors show, 
and which do not show a significant correlation with the development times of the 
applications. For any factor that has a significance under 0,05, we can be at least 
95% certain the variance is not coincidental.

The following factors show a significant impact on engineering time (Sig. < 0,05):

• F15: Number of major steps in installation manual (Significance: 0,001)

• F24: Application includes a form of authorization but credentials are not 
supplied in installation manual (Significance: 0,011)

• F01: Application has a connection to specific hardware (Significance: 
0,027)

This also indicates that the partially found significance of factors F07 and F01 have 
different outcomes from the independent analysis. Factor F07 was partially 
significant in the independent analysis, but when it is compared with all factors, the 
effect seems to fade away. 

For Factor F01 the opposite is true; the factor was partially  significant in the 
independent analysis but compared with all factors the effect is significant.
Direction and predictive power (Step-wise regression analysis)
To put these results in perspective we use a step-wise regression analysis. In this 
test, the direction and predictive power is calculated, by calculating the change in 
effect between different models. The first model consists of just the factor that has 
the highest effect (in terms of explained variance). The second model adds the factor 
with the second-highest effect, and the third model adds the factor with the third-
highest effect to that. This statistical test shows the effect of the factors on the whole, 
and in relation to each-other.
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𝜷 p R² R²	
  (Diff)

Model 1: F15 359 0 129

Model 2: F15
F01

.379

.280
.000
.003

207 78

Model 3: F15
F01
F24

.333

.275

.221

.000

.003

.019

253 46

The Step-wise regression analysis indicates that the 3 factors: F01, F15 and F24 all 
have a positively predicting power (𝜷 is positive) on the engineering time. This 
means that when these factors are true, the engineering time will be longer. The 
coefficient of determination (R²) of the significantly correlating factors combined is 
0,253, which indicates the three significant factors combined can explain 25,3% of 
the variance in Time.

The order of explained variance in the Step-wise analysis is:
1. F15: Number of major steps in installation manual (R²: 12,9%)
2. F01: Application has a connection to specific hardware (R² difference: 

7,8%)
3. F24: Application includes a form of authorization but credentials are not 

supplied in installation manual (R² difference: 4,6%)

This means that Factor F15 can explain 12,9% of the variance in the measure 
development time. And on top of that F01 and F24, 7,8% and 4,6% respectively, 
bringing the total explained variance with these three factors to 25,3%.
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4.  Conclusion
At the start of our research, we asked the following research questions:

1. What is an application portfolio migration?
2. Who are the main actors in these projects?
3. What do experts recognize as possible factors that might effect the time 

needed for an application migration?
4. How does this compare to a real case study project?
5. What are the opportunities for optimization?

4.1  Analyzing  application  portfolio  migrations
In our analysis of the scientific domain we identified application portfolio migration 
projects on the meta level: “science of managing a set of tools”. Unfortunately  we 
found no prior studies on these projects so we set-up  our thesis to perform 
exploratory research, with a quantitative component for confirmatory purposes.

To answer research question number one: “What is an application portfolio 
migration?”, we have described and analyzed an application portfolio migration in the 
case study and found a parallel of the individual application migrations to traditional 
software application development strategies. During this application portfolio 
migration, a form closely resembling the Waterfall model was used to migrate 
individual applications. As the main purpose of the migration process is to migrate 
the current functionality  to the new platform, requirements are set and requirements 
rarely change for individual applications. This makes a sequential model suitable for 
the task. Nevertheless, functional testing before starting the migration process of an 
application is vital for an efficient application migration.

For research question number two: “Who are the main actors in these projects?” we 
have described and visualized the interaction of the application portfolio migration 
with the actors involved. We have established that there are two main actors 
involved in the application migration process:

• The application owner

• The application migration engineer

Although each application migration only has two actors, the number of actors and 
stakeholders of the whole application portfolio migration can increase with the total 
number of applications in the portfolio.

Based on expert interviews we have generated a list of 47 different factors that 
experts deemed to have an impact on the engineering time needed to migrate an 
application. Using a consensus method we have ordered this list by importance. This 
list answered research question three: “What do experts recognize as possible 
factors that might effect the time needed for an application migration?”.
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In Phase 2, we analyzed the top  15 factors in a case study application portfolio 
migration project to answer research question number 4: “How does this compare to 
a real case study project?”. By measuring the engineering times of the individual 
application migrations and analyzing the factors in a research of 96 individual 
applications, we have positively triangulated several of the findings of phase 1.

Based on the case study research results we can conclude the following:
1. In the case study, three factors had a positively  predicting power on the 

engineering time, explaining around 25% of the variance in time:
Factor F01: Application has a connection to specific hardware
Factor F15: Number of major steps in installation manual
Factor F24: Application includes a form of authorization but credentials 
are not supplied in the installation manual

2. We found five factors that were prevented by project design. This 
suggests it is possible to actively reduce possible negatively impacting 
factors in the application migrations and thus configure application 
portfolio migration projects for efficiency.
Factor F05: Application contains legacy device driver installation
Factor F11: Application makes use of a backend system which is 
unavailable from within the development environment
Factor F31: Application installation manual is incomplete
Factor F39: Application makes use of a backend system, which is 
different for DTA
Factor F40: Application makes use of deprecated functions not available 
on new platform

3. For three factors we could not find any significant correlations in the case 
study project between the factors and the engineering time of application 
migrations:
Factor F07: Application functions in combination with other applications
Factor F13: Application test manual is not available or incomplete
Factor F22: Application has organization-specific user-based 
customization

Looking back on phase 1 with these case study results in mind, we can conclude 
that our experts were close on target. Independent of the case study project, they 
have predicted several significantly correlating factors within their top 10:

1. (Highest explained variance) F15 was ranked nr. 9 by experts.
2. F01 was ranked nr. 8 by experts
3. F24 was ranked nr. 2 by experts

If we look at the average engineering time of an application in the case study (8,8 
hours), 25% of this could be reduced. This leads to a engineering time reduction of 
more than 2 hours per application. This can be multiplied with the number of 
applications within an organization, which can run into the 100s [6]. In our case 
study, the number of applications was around 350. Therefore, the proposed 
optimizations could have lead to a reduction of more than 750 engineering hours. 
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And with larger application portfolio's the total engineering time - and directly  with 
that: engineering costs - can show even larger improvements!

4.1.1  Scientific  interpretation  of  the  results

From the top  15 factors identified by the expert we have found positive results for 8 
factors in the case study project: 3 positive correlations and 5 prevented factors. We 
found academic evidence of the possible negative impact of each of these factors.

Signalling	
  and	
  Bixing	
  errors	
  as	
  early	
  as	
  possible
Factor F24: “Application includes a form of authorization but credentials are not 
supplied in installation manual” seems to focus on the need of testing the product. 
Two other factors describe possibilities for errors: Factor F40: “Application makes 
use of deprecated functions not available on new platform” and Factor F05: 
“Application contains legacy device driver installation”. The assumption these factors 
have an impact seems to be in line with science. 

In [55] McConnell states that signaling and fixing errors as early  as possible reduces 
the total fixing effort required. If Factor F24 is true, the signaling of errors during the 
project is more arduous, impeding the fixing of errors as early as possible, and thus 
possibly increasing the total fixing effort required. And if errors like Factor F40 and 
Factor F05 could be prevented beforehand, this would presumably  lead to a direct 
reduction of the fixing effort required, and thus a reduction of the migration 
engineering time.

Reducing	
  the	
  complexity	
  of	
  the	
  task
Factors F15: “Number of major steps in installation manual”, F01: “Application has a 
connection to specific hardware”, F11: “Application makes use of a backend system 
which is unavailable from within the development environment” and F39: “Application 
makes use of a backend system, which is different for DTA” seem to represent the 
complexity  of the migration task. Wood [56] identifies three sources and three 
classes of task complexity. In Wood's model, the sources of complexity are:

1. Products (deliverables)
2. Acts (behaviors required to create products)
3. Information cues (knowledge that permits actors to make judgments)

The classes of complexity  are the kinds of complexity that can manifest in any of 
these elements. They are: 

1. Component complexity (number of and interdependency among acts and 
information cues needed to create products

2. Coordination complexity (the frequency, timing, intensity, and 
interdependencies of sequencing interactions required to produce 
products)

3. Dynamic Complexity  (the degree to which required products, acts, and 
information cues and the interdependencies among them change during 
the task). 
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In [57] the researchers propose the following figure to illustrate Wood's model:

Factor F15 describes the: “Number of major steps in installation manual”. The source 
that seems to weigh in Factor F15 is the notion of “acts”. The class that seems to 
weigh in Factor F15 is Component complexity. This links F15 directly  to Wood's 
model as a measure of task complexity.

Reduce	
  dependencies
Factors F01: “Application has a connection to specific hardware“, F11: “Application 
makes use of a backend system which is unavailable from within the development 
environment” and F39: “Application makes use of a backend system, which is 
different for DTA” seem to describe certain dependencies. Following Wood's model, 
the source of complexity would be “acts”, and the class would be “coordination”. This 
links F01, F11 and F39 to Wood's model as measures of task complexity.

Validate	
  requirements	
  for	
  completeness
Factor F31: “Application installation manual is incomplete” proposes the 
incompleteness of requirements as a negatively impacting factor. This corresponds 
to the findings of [58]. In a study of 1,027 IT projects, he found the number one 
cause of project failure to be “Unclear objectives and requirements”. This is exactly 
what Factor F31 seems to cover.

In an application portfolio migration project failure of an individual application 
migration is not an option. When one application migration has failed, it must be 
performed again and again until the application is successfully migrated. Any failure 
due to unclear requirements (read: Factor F31) might lead to the repetition and thus 
possible blowup of the  engineering efforts for that application.
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4.2  Optimizing  application  portfolio  migrations
To answer research question number five: “What are the opportunities for 
optimization?” we propose a model for factor mitigation. For classification purposes, 
we first define the mitigation of the factors in three different categories:

• Prevention of factor
The factor can be prevented by project design.

• Reduction of factor
The negative impact of the factor can be reduced.

• Awareness of factor
This category  consists of factors for which the effects are difficult to 
prevent or reduce. Decision makers should be aware of the effects of 
these factors to prevent surprises.

Using the classification we propose a model. The model starts with the positively 
correlating factors on top, in order of explained variance, for these the effects are the 
most strongly proved. Following are the other findings, in order of expert-deemed 
importance. When this model is expanded with more factors correlating in case 
studies, the bottom factors can be promoted to the top, strengthening the model over 
time. We categorize the factors and propose a mitigation strategy. 

Factor Description Mitigation	
  
Category

Mitigation

F15* Number of major steps 
in installation manual

Reduction Reduce the amount of 
installation steps needed to 
come to a fully functional 
installation. For example: in a 
dialog with the software 
supplier.

F01* Application has a 
connection to specific 
hardware 

Awareness As it might not be possible to 
prevent or solve connection 
to specific hardware, 
applications which make use 
of specific hardware should 
be avoided as much as 
possible. 

F24* Application includes a 
form of authorization 
but credentials are not 
supplied in installation 
manual

Prevention Availability of test-credentials 
should be a standard 
requirement for all 
applications.
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F11 Application makes use 
of a backend system 
which is unavailable 
from within the 
development 
environment

Prevention Application portfolio 
migration projects should be 
performed in an environment 
which exactly resembles the 
to-be situation.

F40 Application makes use 
of deprecated 
functions not available 
on new platform

Prevention Applications should be tested 
on the target platform, before 
the technical migration of the 
application starts.

F31 Application installation 
manual is incomplete

Prevention During the intake of an 
application, installation 
manual should be tested for 
validity and completeness.

F39 Application makes use 
of a backend system, 
which is different for 
DTA

Prevention Application portfolio 
migration projects should be 
performed in an environment 
which exactly resembles the 
to-be situation.

F05 Application contains 
legacy device driver 
installation

Prevention Applications should be tested 
on the target platform, before 
the technical migration of the 
application starts.

* Proved to have a significant impact in the case study.

4.3  Final  thoughts
We have shown that it is possible to provide decision makers with a tool to make a 
better forecast of the work needed to migrate an application portfolio, and to mitigate 
possible negatively impacting factors.

The application portfolio is a joint responsibility between business- and IT-
departments. Our study proves that choices regarding the applications in an 
application portfolio can have an impact on the actual effort needed to managing the 
set of software tools. Our proposed model can help  organizations align their 
operations to a higher level of application portfolio optimization.

4.4  Other  uses  of  our  results
The insights of this study can also be used to make better decisions on buying 
COTS applications. When an application has many installation steps (Factor F15) 
and has a connection to specific hardware (Factor F01), the application could require 
more effort to migrate when an application portfolio migration project is initiated, 
make the change more effort-full and thus lead to a lower level of IT agility. When 
COTS applications are compared with one another, this insight can be taken into 

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  61



account to make a better assessment of the Total Costs of Operation of the 
applications. When our model is further extended even more factors could be taken 
into account, optimizing the possibilities for deciding which applications to buy.

Software application vendors could make use of our model to further improve their 
applications and making them more aligned to IT agility. This could give software 
application vendors a competitive advantage over other software application 
vendors.
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5.  Discussion
Based on this study there are vantage points for further research. Some to mitigate 
possible bias or weaknesses of our study, some to build on and expand the results of 
our study.

5.1  General  discussion
This paper might be the first academic paper in this field of expertise. For there was 
very  limited prior research to base our research on, it is difficult to verify or 
generalize our results. Further research can focus on verifying our groundwork, and 
testing the generalizations of our conclusions to other application portfolio migration 
projects.

The authors of this study are professionally involved with application portfolio 
migration projects. Though we have made an effort to act as objective as possible, 
we can not exclude our possible bias in this field as an effect on this study.

Our study focuses on application portfolio migrations in Microsoft Windows 
environments. Although certain factors could also be valid in other Operating System 
migrations, further research could focus on investigating the effects in other OS 
migration projects.

There are probably many more factors that might have an influence on the measured 
engineering time. These are factors we can not fathom at the moment but can be 
uncovered with further research.

5.2  Phase  1a:  Expert  interviews
The inclusion of expert in our research was limited. However, adding more 
interviewees might have damaged the overall quality of the information thus we 
chose to stick to the three included experts. Further research could focus on 
expanding the expert group to get a broader set of possible factors.

The three interviews were structured similarly, but they were still semi-structured. For 
there was no prior research for us to base a more structured interview technique on, 
the method used was the most optimal in this research phase. However, the different 
conversations we had with the interviewees might have biased the factors we 
elicited. Furthermore, in the teach-back step of the interviews, the knowledge of the 
authors in the field of expertise might have biased the experts on the nuances of the 
factors. Further research could build on this study and use our results to build more 
structured interview techniques.

We continued the interviews to the satisfaction point, when no new factors emerged, 
but this was just during one interview with each interviewee. In subsequent 
interviews with the same experts extra factors might have emerged. Multiple 
interviews per expert could be a strategy in further research to get an even more 
complete elicitation of factors.
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5.3  Phase  1b:  Expert  consensus
In choosing the method of getting expert consensus we were restricted by the 
geographical and temporal spread of our experts. Therefore we chose a technique 
that did not require the experts to be at the same place at the same time. Different 
expert consensus techniques - for instance where experts are placed together - 
might have had different interaction results and thus different study results.

We performed two rounds of the Delphi method. More rounds might have induced 
more expert interaction, and thus a more reliable expert consensus.

In the first step  of the Delphi method the authors summarized and consolidated all 
the elicited factors for the experts to review and confirm them as their own. In this 
conversion the knowledge of the authors might have biased some nuances of the 
factors. Although the confirmation of the experts on the list of their own factors 
mitigates this risk, further research could focus on different consensus techniques 
that do not require the possibly biased conversion by researchers.

5.4  Phase  2:  Case  study
In the case study we used the top 15 factors elicited from the experts. Further 
research could focus on including the other 32 factors too. This might result a larger 
total explained variance, and thus result in a more complete prediction model. And if 
it does not result in a larger total explained variance, it might prove that application 
migrations are not majorly  impacted by application specific factors; thus that the time 
needed for the migration of an application is largely independent on the specifics of 
the application itself.

The interpretation of the factors into the quantification model could be prone to bias 
of the authors. Also the interpretation of this quantification model in the 
documentation research could be prone to errors and bias. Further research could 
focus to get a more reliable measurement of the factors. An option could be to have 
the experts themselves quantify all factors on all cases.

The engineering times in the case study were measured manually by the project 
engineers. This method could be error prone and a subject to confounding factors. 
Certain engineers could for instance be more efficient in their work, influencing the 
engineering time. Although effort has been put in to ensure a high quality of this data 
by monitoring the hours, further research could focus on introducing a more objective 
measurement of the engineering time.

We measured the factors and engineering times in a case study project at a large 
Dutch insurance company. The results of this one case study can not be generalized 
to be representative of other projects in other organizations, with a different project 
set-up  and a different technical context. Further research could focus on reproducing 
our case study in different projects to find possible generality in the results.
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Addendi

Addendum  A:  Interviews

Interview  MH

Factor MH1: Application installation source is not supplied in the MSI format
The installation source supplied in the "Intake" phase is not in the MSI format. It 
could for instance be a proprietary vendor installation routine, or a manual 
installation routine.
Other factor occurrences: ST5

Factor MH2: Application has pre-requisites
To set up  a fully functional instance of the application, a different application also 
needs to be installed. Examples of a pre-requisite could be: an application 
framework, a database client or a host application for a plug-in application.
Other factor occurrences: ST15, MP5

Factor MH3: Application contains legacy device driver installation
The application needs a device driver installation which is based on outdated 
technology. This driver is needed for the application to function correctly.
Other factor occurrences: ST10

Factor MH4: Application has not been tested on target platform
The installation of the application has not yet been tested on the new platform, or 
there are uncertainties on the functioning of the application on the target platform.
Other factor occurrences: ST19, MP1

Factor MH5: Size of installation source
The size of the application installation source on disk, excluding unnecessary files.
Other factor occurrences: MP21

Factor MH6: Installation time needed for installation
The time it takes to complete the application installation, when one follows the 
installation manual step by step.
Other factor occurrences: ST14, MP22

Factor MH7: Number of major steps in installation manual
The number of "major" actions that comprise the installation manual. A major action 
is an action that has an effect on the application installation, for instance: “Start the 
installation source”, “Make a configuration change to the application”, “Copy  a file”, 
“Make a Windows dll file registration”. Non-major actions would for instance be: 
“Open folder X”, “Click the Start-button”, “Wait for the installation to finish”.
Other factor occurrences: MP8

Factor MH8: Number of files in shared locations
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The number of files the installation copies to shared locations on the system, like 
system folders. These shared locations are folders whereto other application 
installations also install files, thus increasing the risk of conflicts.
Other factor occurrences: ST7

Factor MH9: Application installation causes DLL conflicts
The application installation installs certain DLL files to the target computer, but these 
are already present in a different version.
Other factor occurrences: None

Factor MH10: Application has a machine or user specific license
The application uses a license compliance enforcement system that ties the 
application to a specific computer or user. Running the application on another 
computer or as another user is technically restricted.
Other factor occurrences: MP13

Factor MH11: Application has organization-specific machine-based customization
In the installation manual there are actions to alter the default application machine-
based configuration settings that are set after running the installation source. These 
could be settings that are saved to a file which is not in a user-specific location. The 
settings are organization-specific and the same for all users of the application.
Other factor occurrences: ST6, MP10

Factor MH12: Application has organization-specific user-based customization
In the installation manual there are actions to alter the default application user-based 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file which is in a user-specific location. The settings 
are organization-specific and the same for all users of the application.
Other factor occurrences: ST6, MP10

Factor MH13: Application installation manual is incomplete
Certain steps in the installation manual are missing. These missing steps are 
essential to the correct installation of the application.
Other factor occurrences: None

Factor MH14: Application test manual is not available or incomplete
A step-by-step manual for a functional test of the application is not available to the 
application migration engineer. For this a functional test of the application is not 
possible during the application installation development.
Other factor occurrences: MP3

Factor MH15: Application vendor does not supply installation documentation
The application vendor does not  supply in-depth information regarding the 
installation and configuration of their application.
Other factor occurrences: None

Factor MH16: Application installation information is not available online, e.g. 
communities
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There are a number of well known online communities for sharing information 
regarding application installations. However, for the specific application there is no 
information present in the online communities, or to be found using an internet 
search engine.
Other factor occurrences: None

Factor MH17: Application makes use of a backend system which is unavailable from 
within the development environment
The application needs a connection to certain database or server to function 
correctly, which cannot be reached during engineering. This could have an effect on 
the installation or the possibility to execute the test plan.
Other factor occurrences: ST12

Factor MH18: Application includes a form of authorization but credentials are not 
supplied in installation manual
To fully  start and test the application, one must provide valid login credentials, 
however these valid credentials are not available for use by the technical project 
team. For this reason the application migration engineer is not able to fully test the 
application during engineering, without the help of a third party.
Other factor occurrences: None

Factor MH19: Application is externally configured
In addition to the application installation, other systems have been set-up  to manage 
the configuration or other elements of this application. These systems are not 
installed on the desktop  computer itself but are applied using networked systems. 
Examples include: “Group policies” and “Log-in scripts”.
Other factor occurrences: None

Factor MH20: Application functions in combination with other applications
The application integrates with one or more other applications which make 
engineering more complex. To be able to validate correct integration of applications, 
the applications need to be tested with one another.
Other factor occurrences: MP6

Factor MH21: Application needs extra local permissions to function
The application requires extra permissions on the target platform to be able to 
function properly. This can be due to not complying to application engineering 
guidelines by the vendor of the application or by the nature of the application.
Other factor occurrences: MP9

Factor MH22: Application installation makes changes to shared network data
The application installation is performed on the network for it to be centrally 
available. As shared network data is already  available, installing the application on 
the network could hamper correct functionality  of the application and disrupt current 
use of the application. Thorough testing of the installation and functionality  of the 
application is important.
Other factor occurrences: None

Factor MH23: Application has a connection to specific hardware
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To fully test the functionality  of the application specific hardware needs to be 
connected to the desktop computer the application is tested on.
Other factor occurrences: ST2, MP15

Factor MH24: Application needs changes to computer BIOS configuration
One of the actions in the installation manual concerns changing a specific BIOS 
configuration setting. A characteristic of such a configuration change is the necessity 
to reboot the desktop  computer and enter the “BIOS-mode” to make the 
configuration.
Other factor occurrences: None

Factor MH25: Application installation needs reboot
One of the actions in the installation routine is a reboot of the desktop computer. This 
reboot is necessary for a complete installation of the application software.
Other factor occurrences: None

Factor MH26: Application installs a server component on the client
The developer of the application has divided the application in a client and server 
component. In certain cases this server component could be reached by other users 
on the network. This increases the complexity of the application installation and its 
availability on the client.
Other factor occurrences: None

Interview  ST

Factor ST1: Application has been developed in-house
The application is developed and maintained specifically for use in one organization. 
Therefore it is possibly only tested for use on the old organization platform.
Other factor occurrences: None

Factor ST2: Application has a connection to specific hardware
To fully test the functionality  of the application specific hardware needs to be 
connected to the desktop computer the application is tested on.
Other factor occurrences: MH23, MP15

Factor ST3: Application makes use of a backend system
To be able to function properly, the application has a connection with different 
systems. These systems can be application or database servers. As there are more 
requirements for the application to function properly, this results in more complexity 
and therefore more testing is needed.
Other factor occurrences: None

Factor ST4: Application makes use of deprecated functions not available on new 
platform
The application is not fully compatible with the new platform, for it uses deprecated 
functions. Examples include: use of an unsupported networking stack or dependency 
on the old “GINA” stack.
Other factor occurrences: None

Factor ST5: Application installation source is not supplied in the MSI format
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The installation source supplied in the "Intake" phase is not in the MSI format. It 
could for instance be a proprietary vendor installation routine, or a manual 
installation routine.
Other factor occurrences: MH1

Factor ST6: Application has organization-specific customization
In the installation manual there are actions to alter the default application 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file or to the registry. The settings are organization-
specific and the same for all users of the application.
Other factor occurrences: MH11 / MH12, MP10

Factor ST7: Number of files in shared locations
The number of files the installation copies to shared locations on the system, like 
system folders. These shared locations are folders whereto other application 
installations also install files, thus increasing the risk of conflicts.
Other factor occurrences: MH8

Factor ST8: Number of registry items in system locations
The number of registry items in the system location of the registry  could increase the 
complexity  of the installation of the application. This is due to the fact that these 
items can conflict with other settings or applications.
Other factor occurrences: None

Factor ST9: Application contains self registering com files
Self registering com files are files which are registered by invoking a manual 
registration command. This action is not recommended, because the registration is 
not stored centrally  which could cause conflicts. Applications which are dependent 
on these files need to be tested more thoroughly.
Other factor occurrences: None

Factor ST10: Application contains legacy device driver installation
The application needs a device driver installation which is based on outdated 
technology. This driver is needed for the application to function correctly.
Other factor occurrences: MH3

Factor ST11: Application includes Session 0 Services.
The application installation includes a Session 0 Service. These Services integrate 
into Windows deeply, and thus might be prone to conflicts and/or incompatibility 
issues.
Other factor occurrences: None

Factor ST12: Application makes use of a backend system which is unavailable from 
within the development environment
The application needs a connection to certain database or server to function 
correctly, which cannot be reached during engineering. This could have an effect on 
the installation or the possibility to execute the test plan.
Other factor occurrences: MH17
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Factor ST13: Size of test plan
The number of major steps in the test plan. A major action is an action that has an 
effect on the application, for instance: “Start the application”, “Open file X”, “Process 
file”, “Export file”. Non-major actions would for instance be: “Open folder X”, “Click 
the Start-button”, “Wait for the processing to finish”.
Other factor occurrences: MP24

Factor ST14: Installation time needed for installation
The time it takes to complete the application installation, when one follows the 
installation manual step by step.
Other factor occurrences: MH6, MP22

Factor ST15: Application has pre-requisites
To set up  a fully functional instance of the application, a different application also 
needs to be installed. Examples of a pre-requisite could be: an application 
framework, a database client or a host application for a plug-in application.
Other factor occurrences: MH2, MP5

Factor ST16: Application is not the newest available version of this application
An application which will be installed on the new target platform, is not the latest 
version currently available. As migrations are typically performed to the newest target 
platforms, an older version of an application could be incompatible or difficult to 
install on the new target platform.
Other factor occurrences: None

Factor ST17: Application does not have an application owner available ad-hoc
During the technical migration of this application, the application owner and his 
replacement are not ad-hoc available for extra information inquiries. This includes 
unavailability by e-mail and telephone.
Other factor occurrences: MP18

Factor ST18: Application has not been tested on target platform
The installation of the application has not yet been tested on the new platform, or 
there are uncertainties on the functioning of the application on the target platform.
Other factor occurrences: MH4, MP1

Interview  MP

Factor MP1: Application has not been tested on target platform
The installation of the application has not yet been tested on the new platform, or 
there are uncertainties on the functioning of the application on the target platform.
Other factor occurrences: ST19, MH4

Factor MP2: Different geographical location of application migration engineer and 
application owner
The application migration engineer who is responsible for the technical migration of 
the application works on a different geographical location than the application owner. 
This could be in a different city or different country.
Other factor occurrences: None
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Factor MP3: Application test manual is not available or incomplete
A step-by-step manual for a functional test of the application is not available to the 
application migration engineer. For this a functional test of the application is not 
possible during the application installation development.
Other factor occurrences: MH14

Factor MP4: Application will be used by multiple users on one machine
The application will be installed on machines, which will be used by more than one 
user. This can mean multiple users on one machine at the same time, but also 
multiple users on one machine at different times.
Other factor occurrences: None

Factor MP5: Application has pre-requisites
To set up  a fully functional instance of the application, a different application also 
needs to be installed. Examples of a pre-requisite could be: an application 
framework, a database client or a host application for a plug-in application.
Other factor occurrences: MH2, ST15

Factor MP6: Application functions in combination with other applications
The application integrates with one or more other applications which make 
engineering more complex. To be able to validate correct integration of applications, 
the applications need to be tested with one another.
Other factor occurrences: MH20

Factor MP7: Application is an upgrade to a previously deployed version
The application has already been deployed within the organization. Research needs 
to be done to find out if and how the application should be upgraded or replaced.
Other factor occurrences: None

Factor MP8: Number of major steps in installation manual
The number of "major" actions that comprise the installation manual. A major action 
is an action that has an effect on the application installation, for instance: “Start the 
installation source”, “Make a configuration change to the application”, “Copy  a file”, 
“Make a Windows dll file registration”. Non-major actions would for instance be: 
“Open folder X”, “Click the Start-button”, “Wait for the installation to finish”.
Other factor occurrences: MH7

Factor MP9: Application needs extra local permissions to function
The application requires extra permissions on the target platform to be able to 
function properly. This can be due to not complying to application engineering 
guidelines by the vendor of the application or by the nature of the application.
Other factor occurrences: MH21

Factor MP10: Application has organization-specific customization
In the installation manual there are actions to alter the default application 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file or to the registry. The settings are organization-
specific and the same for all users of the application.
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Other factor occurrences: MH11 / MH12, ST6

Factor MP11: Application installation describes non-generic customizations
In the installation manual there are actions to alter the default application 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file or to the registry. The settings are not the same 
for all users of the application, they should differ depending on the user who runs the 
application or on what specific machine the application is run.
Other factor occurrences: None

Factor MP12: Application will be used on multiple platforms
The application needs to be made available on multiple platforms, for example on a 
desktop and on a SBC environment.
Other factor occurrences: None

Factor MP13: Application has a machine or user specific license
The application uses a license compliance enforcement system that ties the 
application to a specific computer or user. Running the application on another 
computer or as another user is technically restricted.
Other factor occurrences: MH10

Factor MP14: Application installation manual contains steps that cannot be 
automated
The application requires installation or configuration steps which cannot be 
automated. This is the case if an application needs user input to finish installation. 
For example, a user needs to call a phone number for activation.
Other factor occurrences: None

Factor MP15: Application has a connection to specific hardware
To fully test the functionality  of the application specific hardware needs to be 
connected to the desktop computer the application is tested on.
Other factor occurrences: MH23, ST2

Factor MP16: Application includes a form of authorization
The application performs a login or password check at some time during the 
functional test. This could be an authorization check in a database or other backend 
system.
Other factor occurrences: None

Factor MP17: Application makes use of a backend system, which is different for DTA
The application makes use of a backend system, but there are different backend 
systems for “Development, Testing and Acceptance”. The client settings need to be 
configured manually to use the correct systems in specific situations.
Other factor occurrences: None

Factor MP18: Application does not have an application owner available ad-hoc
During the technical migration of this application, the application owner and his 
replacement are not ad-hoc available for extra information inquiries. This includes 
unavailability by e-mail and telephone.
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Other factor occurrences: ST17

Factor MP19: Application has files or registry  keys already used by another 
application
The application installation installs files or registry keys that are already installed by 
another application in the organization.
Other factor occurrences: None

Factor MP20: Application vendor does not supply  a customization tool for the 
application installation
The application vendor does not supply customization software which can be used to 
create specific customizations to the application installation. These tools are 
specifically developed for customizing this application installation.
Other factor occurrences: None

Factor MP21: Size of installation source
The size of the application installation source on disk, excluding unnecessary files.
Other factor occurrences: MH5

Factor MP22: Installation time needed for installation
The time it takes to complete the application installation, when one follows the 
installation manual step by step.
Other factor occurrences: MH6, ST14

Factor MP23: Application installation source is supplied in the MSI format
The installation source supplied in the "Intake" phase is in the Microsoft Installer 
(MSI) format. This is possibly combined with an MST file.
Other factor occurrences: None

Factor MP24: Size of test plan
The number of major steps in the test plan. A major action is an action that has an 
effect on the application, for instance: “Start the application”, “Open file X”, “Process 
file”, “Export file”. Non-major actions would for instance be: “Open folder X”, “Click 
the Start-button”, “Wait for the processing to finish”.
Other factor occurrences: ST13
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Addendum  B:  Full  list  of  elicited  factors
Factor F01: Application has a connection to specific hardware
To fully test the functionality  of the application specific hardware needs to be 
connected to the desktop computer the application is tested on.
(Identified by 3 experts)

Factor F02: Application has not been tested on target platform
The installation of the application has not yet been tested on the new platform, or 
there are uncertainties on the functioning of the application on the target platform.
(Identified by 3 experts)

Factor F03: Application has pre-requisites
To set up  a fully functional instance of the application, a different application also 
needs to be installed. Examples of a pre-requisite could be an application 
framework, a database client or a host application for a plug-in application.
(Identified by 3 experts)

Factor F04: Installation time needed for installation
The time it takes to complete the application installation, when one follows the 
installation manual step by step.
(Identified by 3 experts)

Factor F05: Application contains legacy device driver installation
The application needs a device driver installation which is based on outdated 
technology. This driver is needed for the application to function correctly.
(Identified by 2 experts)

Factor F06: Application does not have an application owner available ad-hoc
During the technical migration of this application, the application owner and his 
replacement are not ad-hoc available for extra information inquiries. This includes 
unavailability by e-mail and telephone.
(Identified by 2 experts)

Factor F07: Application functions in combination with other applications
The application integrates with one or more other applications which make 
engineering more complex. To be able to validate correct integration of applications, 
the applications need to be tested with one another.
(Identified by 2 experts)

Factor F08: Application has a machine or user specific license
The application uses a license compliance enforcement system that ties the 
application to a specific computer or user. Running the application on another 
computer or as another user is technically restricted.
(Identified by 2 experts)

Factor F09: Application has organization-specific customization
In the installation manual there are actions to alter the default application 
configuration settings that are set after running the installation source. These could 

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  74



be settings that are saved to a file or to the registry. The settings are organization-
specific and the same for all users of the application.
(Identified by 2 experts)

Factor F10: Application installation source is not supplied in the MSI format
The installation source supplied in the ‘Intake' phase is not in the MSI format. It could 
for instance be a proprietary vendor installation routine, or a manual installation 
routine.
(Identified by 2 experts)

Factor F11: Application makes use of a backend system which is unavailable from 
within the development environment
The application needs a connection to certain database or server to function 
correctly, which cannot be reached during engineering. This could have an effect on 
the installation or the possibility to execute the test plan.
(Identified by 2 experts)

Factor F12: Application needs extra local permissions to function
The application requires extra permissions on the target platform to be able to 
function properly. This can be due to not complying to application engineering 
guidelines by the vendor of the application or by the nature of the application.
(Identified by 2 experts)

Factor F13: Application test manual is not available or incomplete
A step-by-step manual for a functional test of the application is not available to the 
application migration engineer. For this a functional test of the application is not 
possible during the application installation development.
(Identified by 2 experts)

Factor F14: Number of files in shared locations
The number of files the installation copies to shared locations on the system, like 
system folders. These shared locations are folders whereto other application 
installations also install files, thus increasing the risk of conflicts.
(Identified by 2 experts)

Factor F15: Number of major steps in installation manual
The number of ‘major' actions that comprise the installation manual. A major action is 
an action that has an effect on the application installation, for instance ‘Start the 
installation source', ‘Make a configuration change to the application', ‘Copy a file', 
‘Make a Windows dll file registration'. Non-major actions would for instance be ‘Open 
folder X', ‘Click the Start-button', ‘Wait for the installation to finish'.
(Identified by 2 experts)

Factor F16: Size of installation source
The size of the application installation source on disk, excluding unnecessary files.
(Identified by 2 experts)

Factor F17: Size of test plan
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The number of major steps in the test plan. A major action is an action that has an 
effect on the application, for instance ‘Start the application', ‘Open file X', ‘Process 
file', ‘Export file'. Non-major actions would for instance be ‘Open folder X', ‘Click the 
Start-button', ‘Wait for the processing to finish'.
(Identified by 2 experts)

Factor F18: Application contains self registering com files
Self registering com files are files which are registered by invoking a manual 
registration command. This action is not recommended, because the registration is 
not stored centrally  which could cause conflicts. Applications which are dependent 
on these files need to be tested more thoroughly.
(Identified by 1 experts)

Factor F19: Application has been developed in-house
The application is developed and maintained specifically for use in one organization. 
Therefore it is possibly only tested for use on the old organization platform.
(Identified by 1 experts)

Factor F20: Application has files or registry keys already used by another application
The application installation installs files or registry keys that are already installed by 
another application in the organization.
(Identified by 1 experts)

Factor F21: Application has organization-specific machine-based customization
In the installation manual there are actions to alter the default application machine-
based configuration settings that are set after running the installation source. These 
could be settings that are saved to a file which is not in a user-specific location. The 
settings are organization-specific and the same for all users of the application.
(Identified by 1 experts)

Factor F22: Application has organization-specific user-based customization
In the installation manual there are actions to alter the default application user-based 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file which is in a user-specific location. The settings 
are organization-specific and the same for all users of the application.
(Identified by 1 experts)

Factor F23: Application includes a form of authorization
The application performs a login or password check at some time during the 
functional test. This could be an authorization check in a database or other backend 
system.
(Identified by 1 experts)

Factor F24: Application includes a form of authorization but credentials are not 
supplied in installation manual
To fully  start and test the application, one must provide valid login credentials, 
however these valid credentials are not available for use by the technical project 
team. For this reason the application migration engineer is not able to fully test the 
application during engineering, without the help of a third party.
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(Identified by 1 experts)

Factor F25: Application includes Session 0 Services.
The application installation includes a Session 0 Service. These Services integrate 
into Windows deeply, and thus might be prone to conflicts and/or incompatibility 
issues.
(Identified by 1 experts)

Factor F26: Application installation causes DLL conflicts
The application installation installs certain DLL files to the target computer, but these 
are already present in a different version.
(Identified by 1 experts)

Factor F27: Application installation describes non-generic customizations
In the installation manual there are actions to alter the default application 
configuration settings that are set after running the installation source. These could 
be settings that are saved to a file or to the registry. The settings are not the same 
for all users of the application, they should differ depending on the user who runs the 
application or on what specific machine the application is run.
(Identified by 1 experts)

Factor F28: Application installation information is not available online, e.g. 
communities
There are a number of well known online communities for sharing information 
regarding application installations. However, for the specific application there is no 
information present in the online communities, or to be found using an internet 
search engine.
(Identified by 1 experts)

Factor F29: Application installation makes changes to shared network data
The application installation is performed on the network for it to be centrally 
available. As shared network data is already  available, installing the application on 
the network could hamper correct functionality  of the application and disrupt current 
use of the application. Thorough testing of the installation and functionality  of the 
application is important.
(Identified by 1 experts)

Factor F30: Application installation manual contains steps that cannot be automated
The application requires installation or configuration steps which cannot be 
automated. This is the case if an application needs user input to finish installation. 
For example, a user needs to call a phone number for activation.
(Identified by 1 experts)

Factor F31: Application installation manual is incomplete
Certain steps in the installation manual are missing. These missing steps are 
essential to the correct installation of the application.
(Identified by 1 experts)

Factor F32: Application installation needs reboot
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One of the actions in the installation routine is a reboot of the desktop computer. This 
reboot is necessary for a complete installation of the application software.
(Identified by 1 experts)

Factor F33: Application installation source is supplied in the MSI format
The installation source supplied in the ‘Intake' phase is in the Microsoft Installer 
(MSI) format. This is possibly combined with an MST file.
(Identified by 1 experts)

Factor F34: Application installs a server component on the client
The developer of the application has divided the application in a client and server 
component. In certain cases this server component could be reached by other users 
on the network. This increases the complexity of the application installation and its 
availability on the client.
(Identified by 1 experts)

Factor F35: Application is an upgrade to a previously deployed version
The application has already been deployed within the organization. Research needs 
to be done to find out if and how the application should be upgraded or replaced.
(Identified by 1 experts)

Factor F36: Application is externally configured
In addition to the application installation, other systems have been set-up  to manage 
the configuration or other elements of this application. These systems are not 
installed on the desktop  computer itself but are applied using networked systems. 
Examples include ‘Group policies' and ‘Log-in scripts'.
(Identified by 1 experts)

Factor F37: Application is not the newest available version of this application
An application which will be installed on the new target platform, is not the latest 
version currently available. As migrations are typically performed to the newest target 
platforms, an older version of an application could be incompatible or difficult to 
install on the new target platform.
(Identified by 1 experts)

Factor F38: Application makes use of a backend system
To be able to function properly, the application has a connection with different 
systems. These systems can be application or database servers. As there are more 
requirements for the application to function properly, this results in more complexity 
and therefore more testing is needed.
(Identified by 1 experts)

Factor F39: Application makes use of a backend system, which is different for DTA
The application makes use of a backend system, but there are different backend 
systems for ‘Development, Testing and Acceptance'. The client settings need to be 
configured manually to use the correct systems in specific situations.
(Identified by 1 experts)

S e c u r i n g  b u s i n e s s  a g i l i t y  i n  A p p l i c a t i o n  P o r t f o l i o  M i g r a t i o n s  –  78



Factor F40: Application makes use of deprecated functions not available on new 
platform
The application is not fully compatible with the new platform, for it uses deprecated 
functions. Examples include use of an unsupported networking stack or dependency 
on the old ‘GINA' stack.
(Identified by 1 experts)

Factor F41: Application needs changes to computer BIOS configuration
One of the actions in the installation manual concerns changing a specific BIOS 
configuration setting. A characteristic of such a configuration change is the necessity 
to reboot the desktop computer and enter the ‘BIOS-mode' to make the 
configuration.
(Identified by 1 experts)

Factor F42: Application vendor does not supply  a customization tool for the 
application installation
The application vendor does not supply customization software which can be used to 
create specific customizations to the application installation. These tools are 
specifically developed for customizing this application installation.
(Identified by 1 experts)

Factor F43: Application vendor does not supply installation documentation
The application vendor does not  supply in-depth information regarding the 
installation and configuration of their application.
(Identified by 1 experts)

Factor F44: Application will be used by multiple users on one machine
The application will be installed on machines, which will be used by more than one 
user. This can mean multiple users on one machine at the same time, but also 
multiple users on one machine at different times.
(Identified by 1 experts)

Factor F45: Application will be used on multiple platforms
The application needs to be made available on multiple platforms, for example on a 
desktop and on a SBC environment.
(Identified by 1 experts)

Factor F46: Different geographical location of application migration engineer and 
application owner
The application migration engineer who is responsible for the technical migration of 
the application works on a different geographical location than the application owner. 
This could be in a different city or different country.
(Identified by 1 experts)

Factor F47: Number of registry items in system locations
The number of registry items in the system location of the registry  could increase the 
complexity  of the installation of the application. This is due to the fact that these 
items can conflict with other settings or applications.
(Identified by 1 experts)
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Addendum  C:  Delphi  results

Result  from  MH

According to you, what is the order of impact of the following possible factors of 
application migration complexity?
1.! Application has a machine or user specific license (Factor F08)
2.! Application makes use of a backend system which is unavailable from within 
the development environment (Factor F11)
3.! Application includes a form of authorization but credentials are not supplied in 
installation manual (Factor F24)
4.! Application makes use of deprecated functions not available on new platform 
(Factor F40)
5.! Application installation manual is incomplete (Factor F31)
6.! Application installation manual contains steps that cannot be automated 
(Factor F30)
7.! Application makes use of a backend system, which is different for DTA (Factor 
F39)
8.! Application needs changes to computer BIOS configuration (Factor F41)
9.! Application installation source is not supplied in the MSI format (Factor F10)
10.! Application has a connection to specific hardware (Factor F01)
11.! Application will be used on multiple platforms (Factor F45)
12.! Application will be used by multiple users on one machine (Factor F44)
13.! Application has organization-specific user-based customization (Factor F22)
14.! Application does not have an application owner available ad-hoc (Factor F06)
15.! Application has organization-specific machine-based customization (Factor 
F21)
16.! Application has organization-specific customization (Factor F09)
17.! Application installation describes non-generic customizations (Factor F27)
18.! Application functions in combination with other applications (Factor F07)
19.! Application includes Session 0 Services. (Factor F25)
20.! Application contains legacy device driver installation (Factor F05)
21.! Application has files or registry keys already used by another application 
(Factor F20)
22.! Installation time needed for installation (Factor F04)
23.! Size of installation source (Factor F16)
24.! Application installation needs reboot (Factor F32)
25.! Application is an upgrade to a previously deployed version (Factor F35)
26.! Application is externally configured (Factor F36)
27.! Number of major steps in installation manual (Factor F15)
28.! Application installation causes DLL conflicts (Factor F26)
29.! Application makes use of a backend system (Factor F38)
30.! Application contains self registering com files (Factor F18)
31.! Number of files in shared locations (Factor F14)
32.! Application installation makes changes to shared network data (Factor F29)
33.! Application includes a form of authorization (Factor F23)
34.! Application installs a server component on the client (Factor F34)
35.! Application needs extra local permissions to function (Factor F12)
36.! Number of registry items in system locations (Factor F47)
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37.! Application has pre-requisites (Factor F03)
38.! Application has been developed in-house (Factor F19)
39.! Application vendor does not supply installation documentation (Factor F43)
40.! Application vendor does not supply  a customization tool for the application 
installation (Factor F42)
41.! Application has not been tested on target platform (Factor F02)
42.! Application test manual is not available or incomplete (Factor F13)
43.! Size of test plan (Factor F17)
44.! Application is not the newest available version of this application (Factor F37)
45.! Different geographical location of application migration engineer and 
application owner (Factor F46)
46.! Application installation information is not available online, e.g. communities 
(Factor F28)
47.! Application installation source is supplied in the MSI format (Factor F33)

Result  from  ST

According to you, what is the order of impact of the following possible factors of 
application migration complexity?
1.! Application does not have an application owner available ad-hoc (Factor F06)
2.! Application makes use of a backend system which is unavailable from within 
the development environment (Factor F11)
3.! Application vendor does not supply installation documentation (Factor F43)
4.! Application includes a form of authorization but credentials are not supplied in 
installation manual (Factor F24)
5.! Application installation manual contains steps that cannot be automated 
(Factor F30)
6.! Application makes use of a backend system, which is different for DTA (Factor 
F39)
7.! Application test manual is not available or incomplete (Factor F13)
8.! Application installation manual is incomplete (Factor F31)
9.! Application needs changes to computer BIOS configuration (Factor F41)
10.! Application makes use of deprecated functions not available on new platform 
(Factor F40)
11.! Application functions in combination with other applications (Factor F07)
12.! Application installation makes changes to shared network data (Factor F29)
13.! Application contains legacy device driver installation (Factor F05)
14.! Application includes Session 0 Services. (Factor F25)
15.! Application has a connection to specific hardware (Factor F01)
16.! Application has organization-specific user-based customization (Factor F22)
17.! Application has organization-specific machine-based customization (Factor 
F21)
18.! Application makes use of a backend system (Factor F38)
19.! Application is externally configured (Factor F36)
20.! Application is not the newest available version of this application (Factor F37)
21.! Number of major steps in installation manual (Factor F15)
22.! Application needs extra local permissions to function (Factor F12)
23.! Application installation describes non-generic customizations (Factor F27)
24.! Application installation causes DLL conflicts (Factor F26)
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25.! Application has files or registry keys already used by another application 
(Factor F20)
26.! Application has pre-requisites (Factor F03)
27.! Application installs a server component on the client (Factor F34)
28.! Application has organization-specific customization (Factor F09)
29.! Application includes a form of authorization (Factor F23)
30.! Number of files in shared locations (Factor F14)
31.! Number of registry items in system locations (Factor F47)
32.! Application installation source is not supplied in the MSI format (Factor F10)
33.! Application has a machine or user specific license (Factor F08)
34.! Application contains self registering com files (Factor F18)
35.! Application has not been tested on target platform (Factor F02)
36.! Application will be used by multiple users on one machine (Factor F44)
37.! Application will be used on multiple platforms (Factor F45)
38.! Application is an upgrade to a previously deployed version (Factor F35)
39.! Different geographical location of application migration engineer and 
application owner (Factor F46)
40.! Application installation information is not available online, e.g. communities 
(Factor F28)
41.! Application vendor does not supply  a customization tool for the application 
installation (Factor F42)
42.! Size of test plan (Factor F17)
43.! Installation time needed for installation (Factor F04)
44.! Size of installation source (Factor F16)
45.! Application installation needs reboot (Factor F32)
46.! Application has been developed in-house (Factor F19)
47.! Application installation source is supplied in the MSI format (Factor F33)

Result  from  MP

According to you, what is the order of impact of the following possible factors of 
application migration complexity?
1.! Number of major steps in installation manual (Factor F15)
2.! Installation time needed for installation (Factor F04)
3.! Application has a machine or user specific license (Factor F08)
4.! Application has not been tested on target platform (Factor F02)
5.! Application has pre-requisites (Factor F03)
6.! Application functions in combination with other applications (Factor F07)
7.! Application makes use of deprecated functions not available on new platform 
(Factor F40)
8.! Application test manual is not available or incomplete (Factor F13)
9.! Application installation manual contains steps that cannot be automated 
(Factor F30)
10.! Application makes use of a backend system which is unavailable from within 
the development environment (Factor F11)
11.! Application includes a form of authorization but credentials are not supplied in 
installation manual (Factor F24)
12.! Application includes a form of authorization (Factor F23)
13.! Size of installation source (Factor F16)
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14.! Application needs extra local permissions to function (Factor F12)
15.! Application makes use of a backend system (Factor F38)
16.! Application is an upgrade to a previously deployed version (Factor F35)
17.! Size of test plan (Factor F17)
18.! Different geographical location of application migration engineer and 
application owner (Factor F46)
19.! Application does not have an application owner available ad-hoc (Factor F06)
20.! Application is externally configured (Factor F36)
21.! Application installation source is supplied in the MSI format (Factor F33)
22.! Application has been developed in-house (Factor F19)
23.! Application has a connection to specific hardware (Factor F01)
24.! Application will be used on multiple platforms (Factor F45)
25.! Application installation source is not supplied in the MSI format (Factor F10)
26.! Application has organization-specific user-based customization (Factor F22)
27.! Application installation information is not available online, e.g. communities 
(Factor F28)
28.! Application contains legacy device driver installation (Factor F05)
29.! Application installation needs reboot (Factor F32)
30.! Application has files or registry keys already used by another application 
(Factor F20)
31.! Application has organization-specific customization (Factor F09)
32.! Application installation causes DLL conflicts (Factor F26)
33.! Number of files in shared locations (Factor F14)
34.! Application vendor does not supply installation documentation (Factor F43)
35.! Application is not the newest available version of this application (Factor F37)
36.! Application installation makes changes to shared network data (Factor F29)
37.! Application includes Session 0 Services. (Factor F25)
38.! Application will be used by multiple users on one machine (Factor F44)
39.! Application has organization-specific machine-based customization (Factor 
F21)
40.! Application vendor does not supply  a customization tool for the application 
installation (Factor F42)
41.! Application installs a server component on the client (Factor F34)
42.! Application needs changes to computer BIOS configuration (Factor F41)
43.! Number of registry items in system locations (Factor F47)
44.! Application installation describes non-generic customizations (Factor F27)
45.! Application installation manual is incomplete (Factor F31)
46.! Application makes use of a backend system, which is different for DTA (Factor 
F39)
47.! Application contains self registering com files (Factor F18)
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Addendum  D:  Factor  measurement  methods
A summary of the Top 15 most impacting deemed factors and their measurements is 
provided here:

Rank Factor Description Method	
  of	
  Observation

1 F11 Application makes use of a backend 
system which is unavailable from 
within the development environment

(Factor prevented by 
project-design)

2 F24 Application includes a form of 
authorization but credentials are not 
supplied in installation manual

Application dossier:  
Test plan

3 F30 Application installation manual 
contains steps that cannot be 
automated

Application dossier: 
Installation Manual / 
Package notes / Test 
plan

4 F40 Application makes use of deprecated 
functions not available on new 
platform

(Factor prevented by 
project-design)

5 F06 Application does not have an 
application owner available ad-hoc

(Factor not measured 
in case study)

6 F07 Application functions in combination 
with other applications

Application dossier: 
Installation Manual / 
Test plan
Deployment tool 
database

7 F08 Application has a machine or user 
specific license

Application dossier: 
Installation Manual / 
Package notes

8 F01 Application has a connection to 
specific hardware

Application dossier: 
Installation Manual / 
Test plan

9 F15 Number of major steps in installation 
manual

Application dossier: 
Installation Manual

10 F22 Application has organization-specific 
user-based customization

Application dossier: 
Installation Manual

11 F13 Application test manual is not 
available or incomplete

Application dossier:  
Test plan
Project Management 
Tooling
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12 F31 Application installation manual is 
incomplete

(Factor prevented by 
project-design)

13 F39 Application makes use of a backend 
system, which is different for DTA

(Factor prevented by 
project-design)

14 F41 Application needs changes to 
computer BIOS configuration

Application dossier: 
Installation Manual / 
Test plan

15 F05 Application contains legacy device 
driver installation

(Factor prevented by 
project-design)

Factor  measurement  methods

Factor F01: Application has a connection to specific hardware
Source: Application dossier (Installation manual, Test plan)
Measurement explanation: The installation manual and test plan were reviewed to 
reveal references to hardware devices, like dongles, printers etc. When this is found, 
this factor is considered TRUE.

Factor F07: Application functions in combination with other applications
Source: Application dossier (Installation manual, Test plan), Deployment tool 
database 
Measurement explanation: This factor can be measured by checking information 
regarding other applications in the installation manual and the test plan. If found, this 
factor is considered TRUE. Furthermore, the deployment database is used for further 
reference. When an application has a dependency or the application itself is a 
dependency of another application, TRUE is filled in. In other cases, this factor is 
considered FALSE.

Factor F08: Application has a machine or user specific license
Source: Application dossier (Installation manual, Package notes)
Measurement explanation: When, according to the documentation, license 
information needs to be filled in and the license is machine or user specific, TRUE is 
filled in. Otherwise the factor is FALSE.

Factor F13: Application test manual is not available or incomplete
Source: Application dossier (Test plan), Project Management Tooling 
Measurement explanation: Test plans of applications are reviewed with the 
following minimal requirements of a decent test plan, based on the functionality of 
the application: 

• Client applications are considered sufficiently tested if it is possible to 
make a connection to a server backend.

• Middleware applications are sufficiently tested if an application that 
depends on this middleware application can be tested.

• For all other applications, testing of starting up the application and testing 
of the applications core functionality, should be minimally included in the 
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test plan. The test plan should assess any application specific 
functionality. 

When a test plan is not present or above cases are not met, the value TRUE is filled 
in. Furthermore when an application was not accepted during acceptance test we will 
consult the project management tool for the exact reason of the fault. When the 
cause of the rejection could have been prevented with a more complete test plan, we 
count this factor as TRUE. Otherwise, FALSE is filled in.

Factor F15: Number of major steps in installation manual
Source: Application dossier (Installation manual)
Measurement explanation: All major steps of an installation manual are counted. 
All actions where a choice needs to be made, are included as a separate step. Steps 
that do not add value to the total installation, like clicking on a next or finish button, 
are disregarded.

Factor F22: Application has organization-specific user-based customization
Source: Application dossier (Installation manual)
Measurement explanation: The installation manual is reviewed to provide 
information on customization of the application. When an application contains 
customizations and these customizations are saved in a location which is user 
specific, TRUE is filled in. In the situation that an application has certain 
customizations which are not stored in a user specific location, FALSE is filled in. 
When no customizations are performed FALSE is filled in.

Factor F24: Application includes a form of authorization but credentials are not 
supplied in installation manual
Source: Application dossier (Test plan)
Measurement explanation: The application test plan is used to determine if an 
application includes a form of authorization. If the application does not require any 
kind of authorization, or it does require authorization but the necessary credentials 
are provided, this factor is considered FALSE. In the case authorization is required 
but the credentials are not supplied, TRUE is filled in.

Factor F30: Application installation manual contains steps that cannot be automated
Source: Application dossier (Installation manual, Package Notes, Test plan)
Measurement explanation: This factor describes application configuration that 
cannot be configured in a general way and requires external intervention to work 
correctly. An application migration engineer is unable to perform this step. This 
includes, for example, a workstation ID which is specific for a certain workstation, a 
telephone extension coupled to a certain workstation/user or the need for a manual 
workstation/user registration in a database for the application to work correctly. 
When one or more of these kind of situations are found, TRUE is filled in. For the 
other cases, FALSE is filled in.

Factor F41: Application needs changes to computer BIOS configuration
Source: Application dossier (Installation manual, Test plan)
Measurement Explanation: Some applications require modification to the computer 
BIOS configuration. When BIOS modification steps in the installation manual or test 
plan are found, TRUE is filled in.
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