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The scope of this study is strategic management and in particular the management of project portfolios, 

project portfolio management (PPM) for short. Modern companies have a strategy in place that should 

ensure an above average return (Nagji & Tuff, 2012), one of the important parts of this strategy is, among 

others, ensuring a good balance between radical and incremental innovations (R. G. Cooper, 2006a). To do 

this a solution like project portfolio management (PPM) is often used (Cooper, Edgett, & Kleinschmidt, 

2004) and operationalizes the selected strategy (Anderson, 2008). This is usually done on top of good project 

management (Stantchev, Franke, & Discher, 2009) which is concerned with the daily operation of projects. A 

standardized approach to this is using a gated system to select projects (Ettlie & Elsenbach, 2007). PPM finds 

it origin in finance (H. M. Markowitz, 1991) and in a project setting it is used to maximize the portfolio and 

project value, finding a good balance (radical/incremental or risk/reward) and project alignment (Cooper et 

al., 2004). The planning of resources is important in the project selection process (Liu & Wang, 2011) which 

has not been analyzed yet in a operational setting. More factors such as the influence of gate decisions 

(Klingebiel & Rammer, 2013), thresholds (Bonami & Lejeune, 2009) and grouping (Schwindt & Trautmann, 

2000) are not that common in the literature. Furthermore there are no benchmark studies that examine the 

potential influence of the company’s size and the market it is active in, in relation to using a PPM system. In 

addition there is not much known as to how many portfolio reviews are sufficient for a specific company 

with estimates ranging from an educated guess of 4 reviews a year (R. G. Cooper, 2001) to a real-time system 

where projects can be stopped and started at every given time (Andersen, n.d.). 

In order to find a solution to the research question, “ Which factors in the project portfolio management 

review and selection process influence the project portfolio’s ROI value and what is their impact on the ROI 

value? ”, a model is needed as this allows a direct comparison of management adjustments (Harrison, Lin, 

Carroll, & Carley, 2007). In order to do this correctly a base case is made first and verified after which 

different scenarios are made (Malerba, Nelson, Orsenigo, & Winter, 1999) to check the influences. Therefore 

the goal of the simulation model is to verify the theoretical model with the use of different scenarios. These 

scenarios are depicted using a different set of input data and can be compared using the output data. The 

model is based on the standard stage gate (R. G. Cooper, 2006b) and completed with a review structure. 

Furthermore resource should be assigned to single projects, the model should be based on a input data set 

and should be based on a time loop. This can all be modeled in a discrete event model allowing the problem 

to be modeled on an operational level (Borshchev & Filippov, 2004). The designated software tool to make a 

discrete event model is the Arena simulation tool. This model is built on the notion of a stage gate system 

which is seen as a prerequisite for good portfolio management (Cooper et al., 2004) and is complemented 

with a system to be able to review the complete set of projects. The model uses a 2 stage system where it has 
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2 possibilities to select or deselect projects complemented with a review. Projects in the system are generated 

randomly based on input variables. This model is run 200 times for 10 year periods for each scenario to 

generate a dataset that allows exploring the behavior of the model. This dataset of multiple scenarios allows 

evaluation of the input values with respect to their impact. Furthermore the model is validated using data 

from the base case scenario run and data gathered from literature, publicly available resources and expert 

opinions. 

Results gathered from the dataset show that resource planning and dynamic budgeting increases the ROI of a 

portfolio. Looser gates only seem to perform better when a review system is in place and if not stricter gates 

outperforms the looser gates. Implementing thresholds on the other hand does increase the ROI but should 

be closely administered as this is a powerful tool to stop potentially interesting projects. Project grouping be 

recommended as this lowers the potential ROI, only short term grouping does not influence the ROI too 

much. Both company size and market size greatly influence the portfolio’s ROI as expected but since this was 

not a focus of the research there is not enough data to support a specific effect. Using a review system does 

have a beneficial role in the ROI value of a portfolio with an optimum when using the input data used in this 

model. This optimum is caused by a fixed cost for reviewing a project, reducing this cost can increase the 

potential ROI value and optimum which can lead to a more beneficial ROI value. This indicates that using a 

PPM approach can benefit the ROI value of a portfolio further by potentially lowering the review costs. 

In practice this means that there should be an optimum for the amount of reviews done which should be 

monitored carefully and underlines the importance of good PPM system for reducing review and 

management costs (Brown, 2008). Furthermore the grouping of projects should be done with care as is the 

use of thresholds in gate decisions as this can positively influence the ROI value but when overused can 

drastically reduce the potential ROI value. In relation to thresholds the gate decisions should be chosen with 

care as shown by previous research (Hart, Jan Hultink, Tzokas, & Commandeur, 2003) as this directly 

influences the ROI value. Furthermore a model on the operational level as used for this study could prove 

valuable when a verified dataset is used. 

The theoretical implications of this study that there should be an optimum amount of reviews for every 

portfolio. Logically there is always a price on every review making a real-time or continuous system unfeasible 

and this research shows it is beneficial, in turn promoting a lower cost per review price using PPM systems. 

Limitations lay in the used data for the model, as the model is only a basic representation of a company at the 

operational level, it is limited in its use. The data underpinning the model should be further examined and it 

would be advisable to obtain a better data set, for example from a study company, to fit the output data to 

real world data instead of data gathered from literature. However the used discrete event simulation does 
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allow for a very good representation of a real world situation for a given data set and a discrete event model 

does look very promising for future research. 
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The road to this thesis started from scratch, but with the goal to find a significant topic in the strategic 

management area. As building simulation models was positively triggered during the system dynamics course 

led by Bob Walrave this was an easy step into the modelling direction. Later on in my study career I also 

experienced modeling with petri nets which needs a different mindset to model a problem. Furthermore 

building a model meant conducting a quantitative study opposed to a (dreaded) qualitative study. I really liked 

the idea of a master thesis using a simulation tool to find an answer, which is why all things fell into place 

when a possibility to do such a thesis project came by. I was introduced at Bicore to Jac Goorden and 

Maarten Kluitman who offered the opportunity to build a general model which was to shed new light on 

portfolio management domain using their existing knowledge base, for which I’m grateful. 

I really want to thank my first supervisor Bob Walrave for being there for me when I needed advise or even 

just some positive words to keep going when things were at it’s worst. We have met on numerous occasions 

to discuss my thesis, but we also had some nice conversations when I was his assistant for the course system 

dynamics from which I actually learned way more than I had expected to do. I also want to thank my second 

supervisor Irene Vanderfeesten for her help on the project and introducing me to Bilge Celik Aydin. She 

really helped me in my struggles with the chosen discrete event simulation software which I was new to when 

I started the thesis. With her help I was able to translate all my concepts to working simulation models and 

finding workarounds for problems that were not possible to model using the standard building blocks. 

Special thanks go to my girlfriend, Floortje Schiks, who helped me through some difficult times and had to put up with a 

really grumpy guy during the time I was building the simulation model and writing my thesis. I also want to thank my 

parents Jan Naber and Gerrie van de Coolwijk as well as my brother Peter Naber for supporting me through yet another 

study endeavor. I’d like to thank some of my close friends that were there for me during the rough couple of years of my 
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on the topic of portfolio management and in particular the review frequency. 
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Strategic management is the central theme of this study, more specifically the study focusses on project 

portfolios found in larger technology companies that undertake new product development (NPD) projects.   

The study specifically focusses on examining the impact that certain management parameters have in the 

project portfolio management (PPM) domain on the return on investment (ROI) value of a portfolio. This 

means the world under study is the PPM area which focusses on the performance of a group of project, their 

management and it’s planning. As there are many variables involved in this domain the study is carried out 

using a simulation model of a simplified environment.  

In order to introduce the PPM topic better it is needed to look at today’s successful companies first. Typical 

examples of these companies are Philips Healthcare or TomTom where a management setup as described in 

the research is in place. They seem to need a good balance in their project portfolio in order to gain strength 

in the marketplace (Barczak, Griffin, & Kahn, 2009), with balance being a measure on different variables such 

as a tradeoff between short and long term projects, but also risk and reward. Furthermore typical projects in 

the technology domain involve endeavors in developing new products and technologies where this study 

focusses on. Finding a good balance is usually done by implementing a sound strategy in a company, this in 

turn can be done by using project portfolio management (Cooper, Edgett, & Kleinschmidt, 2006) which can 

be seen as a operationalization of the strategy (Anderson, 2008). The usefulness of implementing a good PPM 

strategy and portfolio has been confirmed in different types of benchmark studies (Appleseed partners & 

Openseed research, 2012; Barczak et al., 2009; Brown, 2008; Cooper et al., 2004).  

However these studies do not specify on some operational factors that could be influenced by managers.  

While planning within PPM is a topic that has been focused on in previous research (Liu & Wang, 2011) 

other factors are not that common in literature. This involves the influence of gate decisions or the rules that 

are in place to select specific projects. However thresholds or a minimum requirement of the projects to be 

selected is not elaborated upon. Grouping of projects before reviewing them in one go is not described in 

literature but seems to be present in actual management settings and is therefore included in this research. 

Furthermore there are no benchmark studies that examine the potential influence of the company’s size and 

the market where it is active in, in relation to using a PPM system. In addition there is not much known as to 

how many portfolio reviews are sufficient for a specific company with estimates ranging from an educated 

guess of 4 reviews a year (R. G. Cooper, 2001) to a real-time system where projects can be stopped and 

started at every given time (Andersen, n.d.). Reviews are a common tool to inspect all active projects and 

check whether they still adhere to the specification set and in line with for example the market forecast. 
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The need to conduct research is already mentioned above but this does not answer why this research topic 

would be a valuable thesis subject. In order to describe this topic better, this introduction first looks into the 

company where the majority of the research was carried out. This gives more insight in the background of the 

urge to pursue a topic as the present one. Followed by an initial project outline which serves as a bridge to 

how the research should be conducted. 

 

Bicore is a small consultancy firm supporting the high-tech industry in their innovative endeavors. Their main 

product Flightmap is a tool with which project portfolios can be managed and evaluated. Appendix I shows a 

more elaborate Osterwalder framework for the Flightmap tool as created for Bicore. While Bicore actively 

manages its portfolio of ongoing projects, the research is not carried out on Bicore itself. The research aims 

to gain a more generalizable insight into variables that can be altered to further optimize the selection and 

funding of projects in the technology sector. This insight can be used by Bicore to inform their clients better 

on the topics treated in this research. 

 

Tools such as Flightmap are bought by 

companies because of their ability to increase the 

overall portfolio value through a better process 

structure. Project portfolio management (PPM) 

ensures a good distribution of resources for 

example by cutting down on low performing 

projects and adding this budget to top 

performing projects enhancing their 

profitability even further. These software 

tools make metrics more visible and 

transparent. This aids in assessing the 

involved risk for example. This can be better 

underlined with an example like Figure 1-1 

and 1-2 (Brown, 2008).  

Figure 1-1 shows a drastic increase in 

revenue for companies when using a PPM 

tool, the reduced costs of projects stopped because they did not adhere to the criteria which are significant. 
Figure 1-2 PPM tool improvements 

Figure 1-1 PPM tool metrics 
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Figure 1-2 shows some company statistics used for obtaining the results in Figure 1-1. Some key benefits of 

the use of a PPM tool are (Symons, 2009): 

 Project failure rate: 15% decrease 

 Project cost overrun: 10% decrease 

 Project throughput time: 10% decrease 

 Low value projects: reduction of the number of underperforming projects 

 Administrative time: 25% decrease in time used for portfolio management 

In terms of investments, the cost of a PPM tool can be broken down into; hardware, software, 

implementation, support and enhancement. When investing in a PPM tool it should aim on a wide scope e.g. 

including as many disciplines as possible to get the best results. Moreover it should also have commitment, so 

the adoption of the tool is widespread; this can also influence the data quality. Because of the broad spectra 

of disciplines a solution should be found to accumulate these disciplines. Also a wise decision would be to go 

for a software as a service (SaaS) solution where the hosting and support is outsourced for example 

Flightmap (Symons, 2009). Furthermore PPM can also enhance the performance off-line due to a high degree 

of standardization which is even more induced by the use of software (Stantchev et al., 2009). 

 

The project as stated by project initiator: 

“ Portfolio Management ROI Simulation, 

In order to assess the value of portfolio management, we are looking to consolidate the existing knowledge about new product 

development pipeline, resourcing, business case results and management options in a combined dynamic simulation model. The 

model is expected to simulate a stream of projects being created, staffed, leading to successful product launches (or not) via a series 

of stages of development. Limited resources and dynamic changes of the project's properties should be addressed in this model. The 

model will be used to simulate and understand the impact of different interventions, such as more frequent portfolio reviews, better 

forecasting techniques, more or less ideation etc. 

 

A set of real-world portfolio management processes with varying characteristics is available to calibrate the model, and the results 

will be available for Bicore to consult with its clients and to improve the functionality of its FLIGHTMAP portfolio 

management tooling. Also, Bicore would like the results to be published in international academic settings where possible.” 
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Deduction and interpretation: 

 The model should be able to show the ROI value for a given set of projects 

 It should look at the development pipeline, resource allocation, case results and management options 

 The main model depicts ‘stream’ of projects in different stages of the stage gate approach should be 

modelled through which the projects behave differently 

 In this approach resource allocation is important for the project costing 

 The model is used to demonstrate the impact of different interventions, such as frequency of 

reviews, forecasting techniques and ideation amongst others depending on the literature study (note 

that better forecasting will always benefit the ROI value as the risk attached to projects will be 

reduced and a more adequate staffing is possible for example and is therefore excluded) 

 There are data sets available from Bicore to validate the model with real-world data, or is supplied 

with expert knowledge to verify assumptions. 

 

As the previous chapter already explained a model is needed to answer the research question at hand. This 

chapter describes the outlook of the research question to set a clear goal. This is preceded by a definition of 

the world under study is elaborated upon to give an overview of what will be examined. The target group of 

this thesis is explained in a nutshell and after that the research method will be briefly explained. 

 

The world under study is the project portfolio management area or PPM (Cooper et al., 2004). This focusses 

on the performance of a group of projects, their management and planning.  

The literature review shows that there are some areas in this topic that could do with more minute research. 

Especially the review and selection process should be looked at more closely. The selection problem is often 

seen as an optimization problem (Decision Lens, 2012; Linton, Walsh, & Morabito, 2002). However the 

selection and management of projects in a portfolio is an ongoing operation (Archer & Ghasemzadeh, 1999). 

In this process the reviewing of the complete portfolio is used as a comparison tool. However the frequency 

of this process is not described in literature and goes from ongoing (Andersen, n.d.) to an estimation of 4 

times a year (R. G. Cooper, 2001).  

In other words, this research tries to answer the questions which and how different management influences 

really impact the ROI value of a portfolio over time. The thesis aims to answer which measures influence the 

ROI value and how these measures relate to the reviewing process and the impact of the review frequency.  
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The final goal of the master thesis is answering the research question found in the literature review: 

Which factors in the project portfolio management review and selection process influence the project 

portfolio’s ROI value and what is their impact on the ROI value?  

To be able to answer this question, a working simulation model is built to evaluate the return on investment 

(ROI) for a set of projects or portfolio. This model should be able to simulate ideas or projects being created 

based on a group of variables which are to be determined in the research proposal based on the literature 

review at hand. Therefore this master thesis is to enrich project portfolio management literature with both a 

formal model and conclusions drawn from the simulation outcome. This is carried out after a suggestion of 

both the TU/e and Bicore. 

 

This thesis is written primarily for the TU/e as well as the company who initiated the project. However if 

possible it should also encourage other scholars to further investigate on the research topic and use the 

implications and shortcomings found in this research. In addition it is also targeted at master students in the 

innovation management field in general. 

 

As mentioned the research question will be solved using a simulation model. This research question forms 

the basis of the theoretical model which shows the dependencies between the propositions. This theoretical 

model is than captured in a simulation model using discrete event simulation. This simulation model is based 

on a stage gate model (R. G. Cooper, 2006b), a conceptual and operational roadmap for moving projects 

from idea to launch which in practice is used for selecting projects based on different criteria in different 

stages of a project, and is combined with a setup that simulates reviewing a portfolio. This model is built to 

solve the propositions found in the literature review making the thesis an experimental research. The 

literature review was started at a set of articles from the portfolio management domain. 

These propositions in turn lead to a specific simulation model to be built. Building a model starts at choosing 

the right software to help solve the problem in the most practical way possible. The software chosen to solve 

the problem was Arena simulation as this has enough support from the TU/e and purpose build for the most 

appropriate form of modeling, discrete event. Using a discrete event simulation allows building a model on an 

operational level (Borshchev & Filippov, 2004) as opposed to the much research strategic level, this practice 

had been carried out in a similar setting before and proved to work (Solo, Paich, & SimNexus, 2004). 
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The actual model has a modular setup which allows combining different aspects of the complete model to be 

checked and tested. This also means an easier overview of the complete model and different parts can be 

completed and integrated in a later stage.  

The testing is done with the help of an elaborate Excel sheet that holds all data input points which allows for 

a fast switch between runs. These runs are exported to different Excel sheets to be interpreted by using 

appropriate graphs. The output of all different scenarios is gathered and can be compared between scenarios 

therefore it is possible to see the differences between the base case scenario and specific scenarios.  

The gathered quantitative output data set underpins or rejects the propositions as mentioned in the 

framework chapter in this thesis which are used to better clarify the research question at hand. This forms the 

basis of the answer to the proposed research questions and is elaborated upon in the discussion. 

 

This chapter, chapter 1, functions as an introduction to the report as a whole. It also summarizes the research 

and describes the origin of it. The Figure 1-3 below shows the outline of a generic model based research 

(Harrison et al., 2007) which describes the steps taken from problem specification to the answering of the 

questions using a simulation modeling approach. The Figure 1-3 shows and iterative process in which a 

phenomenon is found and used for simulation using available theories and computational technologies after 

which it is used to conduct experiments and ending up with new insights of theory and actions to take for 

further research. This thesis is one iteration in that process, showing new insights based on the simulation and 

advises for new steps to take in this domain. 

 

Figure 1-3 Framework Harrison (2007) 
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At first a phenomenon is found and summarized in a literature review as described in chapter 2, the 

framework of literature review, which wraps up with the propositions found in literature and finally the 

research question that forms the basis of the thesis. In addition to this knowledge, modelling details and 

research methods should be accounted for which is elaborated upon in chapter 3, the method section, which 

describes the method used to translate the research question to a functional model. This chapter also 

discusses the computational technology to be used in modelling. This knowledge in turn is used to build a 

simulation model as depicted in chapter 4, a description of the model, and includes a description of the model 

and the base case completed with the tests to be run with the model. This is mainly an overview of the model 

development. The tests ran with the model are summed up in chapter 5, the results from the set of tests, 

which discusses the different experiments. Results gathered from the model form the basis of the discussion 

in chapter 6, the discussion of the results. This boils down to new management theories and implications for 

future research. In addition, chapter 7, the conclusion clarifies the research question by answering it based on 

the previous discussion.  
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This framework by default is used to sketch an image of the environment in which the rest of this study is to 

be conducted. The aim of this framework or literature review is to increase the knowledge base regarding 

project portfolio management.  This research is conducted in order to describe to current status of PPM 

literature and pinpoint gaps in the existing literature. These gaps form the basis on which the research is 

conducted and explain why this subject is a fruitful endeavor and research topic. 

PPM seems to be a highly effective tool to manage a bigger set of projects (Reyck et al., 2005). However even 

though the value of PPM tools is increasingly more acknowledged, still not all companies are using such a 

process (Symons, 2009). Furthermore not all companies use such processes as effective as they should be 

(Appleseed partners & Openseed research, 2012).  

Before using a management system like PPM a guiding strategy is needed to determine focus and the sought 

after balance in the portfolio (Cooper et al., 2004). Companies today need to be ambidextrous to achieve their 

full potential (He & Wong, 2004). In order to control this on daily basis a gated project selection structure is 

used in project management (PM) to manage this effectively and in a structured manner (Barczak et al., 2009). 

A gated structure is the system in place to divide projects into separate phases which have to be approved at 

each gate, effectively partitioning commitment to a project into parts. This structure should be adapted to a 

specific company (Cooper et al., 2006) and gate rules should be chosen appropriately without focusing on 

financial measures (Hart et al., 2003). A good gated approach forms the basis of PPM (Cooper, 2006a) which 

itself is the operationalization of the strategy (Anderson, 2008). Originally such management systems stem 

from the financial sector (H. Markowitz, 1952), and aim for a maximization of the return while lowering the 

risk involved in the portfolio (Petit, 2012). Fully the three goals are value maximization, finding a good 

balance and a good project alignment (Cooper et al., 2006). On these goals the PPM structure should align 

the portfolio to the chosen strategy (Killen, Hunt, & Kleinschmidt, 2008). PPM also incorporates 

uncertainties in the process (Oh, Yang, & Lee, 2012) improving the project selection process as well as a 

smart division of scare resources between projects (Engwall & Jerbrant, 2003). This leads to think that the 

resource planning could influence the ROI value of the portfolio. Furthermore the project selection process 

is not merely an optimization problem but also involves the management of the portfolio of projects 

(Ghasemzadeh & Archer, 2000). In this sense the gate decision rules can greatly influence the ROI value of 

the portfolio. While gate decisions can be made for individual projects there is also the possibility that they 

are made for a group of projects which could be beneficial (Schwindt & Trautmann, 2000) and increase the 

portfolio’s ROI value. To benefit this further, gate thresholds can be incorporated to stimulate a minimum 

pay-off. PPM further contributes to the management through easy scenario comparison due to standardized 

measurements (Ghasemzadeh & Archer, 2000) which also ensures a more visible structure of management 
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and better decision logic (Keisler, 2006). Another contribution of PPM are frequent reviews of the portfolio 

making sure strategy and the portfolio are alligend, a common estimation is 4 reviews per annum (R. G. 

Cooper, 2001). However there are claims that this should be done real time (Andersen, n.d.). This sparks the 

question what the impact of reviewing a portfolio is and if there is an optimal review frequency to do this. 

The knowledge gathered through this literature review leads to the following, before mentioned, research 

question: 

Which factors in the project portfolio management review and selection process influence the project 

portfolio’s ROI value and what is their impact on the ROI value?  

This question can also be subdivided into seven different propositions found investigating the gaps in the 

PPM body of literature. These propositions are gathered in chapter 2.6 and are summed up as the theoretical 

framework as depicted in Figure 2-1.

Thresholds

Project portfolio ROI value

Company size Market type

Portfolio review (frequency)

Resource 
planning

Gate 
restrictions

Project 
grouping

 

Figure 2-1 Basic theoretical framework 

The following chapters go in more detail on PPM and its environment as well as the propositions that 

precede the research question. First the strategy of new product development as assessed and reviewed in 

chapter 2.1. The development pipeline is explained as well as other surroundings regarding our subject project 

portfolio management (PPM). As one of the propositions of PPM is a good and structured approach to 

project management (PM), this is reviewed in chapter 2.2 in order to clearly define this concept in the 

environment under study. Our main subject, PPM, will be discussed in chapter 2.3 where its merits are 

reviewed as well as its history in order to obtain an overview of the origin of PPM. In addition the goals of 

PPM are looked at in chapter 2.4 to define what PPM actually ‘wants’ to contribute onto the existing 

management structure. Chapter 2.5 in turn examines what is needed to be able to successfully conduct 

portfolio management. Chapter 2.6 poses the research propositions as it summarizes some gaps in the 

existing literature body. These propositions are summarized in the research question in chapter 8. 
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As mentioned in the previous chapter a clear image of the context of PPM is helpful to define the concept of 

PPM. This chapter will go in deeper on the context in which PPM is active. Furthermore it shows why PPM 

is able to add something to the existing management layers. 

Today’s successful companies need a good balance between radical new innovations and incremental 

innovations (Cooper et al., 2004). Radical innovations being innovations with a high degree of new 

knowledge whereas incremental innovations have a low degree of new knowledge (Dewar & Dutton, 1986). 

As radical innovations can really set a company apart from their competition it is very lucrative, however the 

risks and stakes are usually higher (Paulson, O’Connor, & Robeson, 2007). Incremental innovations on the 

other hand can improve the short term revenues as the risks involved are lower (Dewar & Dutton, 1986) and 

can be seen as cash cows (Cooper et al., 2006). One of the objectives of forming a strategy is maintaining 

steady above average returns, which can be obtained through a mentioned well-balanced portfolio where a 

balance of projects is found between strong, adjacent and transformational projects (Nagji & Tuff, 2012).  

Alas right balance between short and long term revenue, radical and incremental innovations, should 

therefore be sought. 

This balance can also be related to the degree of ambidexterity of a company as an imbalance between 

exploration and exploitation can lead to a lower sales growth. A company should be careful as to where to use 

their finite amount of resources, it can do research in order to set themselves apart from the competition and 

potentially improve long term revenue streams. Or it can invest in exploitation to try to reap the most 

benefits from low cost and low risk innovations or a different use of current technology for example (He & 

Wong, 2004).  It is not uncommon for companies to over focus on either exploration or exploitation. In the 

case of exploration this can result in a negative loop because of external pressure that results from lower 

revenues for example causing to over focus on exploration e.g. new innovations (Walrave, van Oorschot, & 

Romme, 2011). 

Successful companies today use structured methods in order to weed out the poor performing projects and 

find a good balance between radical and incremental projects (Barczak et al., 2009).  This makes sure the 

resources available are to be used as effective as possible. This also means these companies strongly focus on 

their innovation processes, which needs to be optimized and structured in order to speed up the new product 

development and drive financial success (R. G. Cooper, 2000). This structure can be implemented using a 

gated approach (Ettlie & Elsenbach, 2007) and can be optimized using a portfolio management structure to 

oversee the NPD structure (Cooper et al., 2006).  
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NPD and company strategy are closely 

tied together as has been described 

above. Therefore it is possible to view 

this synergy as a whole as project 

management (PM) and project 

portfolio management (PPM) have 

their place within the structure of the 

company. The context of PPM, the 

main research area of this thesis, is 

depicted in Figure 2-1 (Stantchev et al., 

2009). This Figure shows the role of 

PPM in relation to the strategy and in 

relation to the PM, where a portfolio is a cluster of projects and projects are a company’s endeavor into new 

innovations making up the NPD pipeline (Stantchev et al., 2009). Because the underlying projects are integral 

into PPM, PM is a prerequisite for good PPM (Cooper et al., 2004).  

Research shows that product advantage, proficiency of development activities and a standardized protocol are 

the most dominant success factors in NPD as these factors can differentiate the company more efficiently 

from its competitors (Cooper & Kleinschmidt, 1987a). NPD success can be measured based on its financial 

performance, provided that it adheres to its envisioned window of opportunity and on the actual market 

impact (Cooper & Kleinschmidt, 1987b). However note that indicators to measure the performance are 

strongly dependent on the chosen strategy (Griffin & Page, 1996). As best practices show, companies should 

have a long term NPD strategy as well as having a formal portfolio management process, a formal NPD 

discipline, proactively conduct market research, make use of cross functional teams and standardize criteria 

and metrics (Kahn, Barczak, & Moss, 2006). Note that standardization is not per se in order in radical 

innovation settings but it does make sure that projects can be compared to one another and better optimize 

the process (Kahn et al., 2006).  

Although market timing is not one of the biggest priorities (Cooper & Kleinschmidt, 1987b) ‘correct’ launch 

decisions should be in order to put the product in the market correctly which is closely related to the 

development of the project and the market analysis (Hultink, Hart, Robben, & Griffin, 2000). On the notion 

of timing the products, meta studies to success factors have discovered that the impact of those factors is 

reduced over time due to a more widespread knowledge on a project (Evanschitzky, Eisend, Calantone, & 

Jiang, 2012; Henard & Szymanski, 2001). 

Figure 2-2 PPM framework 
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NPD best practice companies generally have a good grip on, strategy, process, research, project climate, 

company culture, metrics and performance measurement and commercialization. Strategy, compared to the 

other areas, has a companywide scope instead of just the NPD scope, this could mean that the strategy or 

even portfolio management ‘ties’ the NPD efforts to the company and vice versa (Kahn, Barczak, Nicholas, 

Ledwith, & Perks, 2012). So portfolio management can be seen as the operationalization of the strategy which 

can be implemented to be used in the day to day project management (Meskendahl, 2010). 

So PPM is used to operationalize a chosen strategy at the project level in a company and is therefore 

important in implementing management decisions. The next chapter better describes project management as 

this helps define the context of PPM. 

 

The previous chapter mentions project management and a stage gate approach, as this is important for the 

research topic this chapter will go deeper into how gated systems work and how they are used. A great 

portion of the reviewed literature, also relevant for PPM, is describing a common approach using gated 

approach which is discussed further on in the chapter along with deviations in this approach. 

Single-project management contributes to a great extent to the efficiency of portfolio management and is 

often linked to portfolio success, with both direct and indirect links. Information availability and PM 

efficiency influences PPM directly and  goal setting and decision making influence PPM indirectly (Martinsuo 

& Lehtonen, 2007). A frequently used project management tool is the Stage gate (R. G. Cooper, Edgett, & 

Kleinschmidt, 2002) approach which ensures a formalized approach to check the progress of a project over 

time.  

 

A standardized multiple stage approach is a very common practice to manage NPD (Ettlie & Elsenbach, 

2007). The stage gate approach was introduced in the 1980’s and structures project management and tracking 

(R. G. Cooper, 2006a). This approach is not on a PM level but is a macro process which is not used to 

control projects but an enabler to compare projects (R. G. Cooper, 2008). Traditionally it is comprised of 6 

stages with 5 gates and a post launch which is shown in Figure 2-3. This practice has been used for many 

years in businesses which have an active NPD pipeline (R. G. Cooper, 2010). 
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In this framework each gate can have four 

different outcomes as depicted in Figure 2-3. As 

shown in Figure 2-3 projects can receive a go 

decision which means they can continue to the 

next stage and receive funding. A project can also 

receive a kill decision meaning the project is 

terminated and sunken costs are seen as a loss. 

Furthermore a project can also be set on hold 

meaning its either not ready for the next stage or 

the project does not completely adhere to the 

projected market (Cooper, Edgett, & Kleinschmidt, 2000; Linton et al., 2002). In addition to Figure 2-3 a 

project can also receive rework which is a very common deviation of the standard stage gate approach (Ettlie 

& Elsenbach, 2007). 

 

Given the maturity of the stage gate process, more advanced firms are modifying their stage gate approach to 

fit their situation. This means, for example, that lower risk projects or smaller projects should be able to go 

through the stages with more ease than big and risky projects.  It is possible to capture this in a more global 

framework as can be seen in Figure 2-2 (R. G. Cooper, 2006a). The number of stages and gates varies 

between companies, in general a strong functional structure leads to a highly phased system, where more 

gates are used later in the process despite of a greater impact earlier in the process (Phillips, Neailey, & 

Broughton, 1999). 

Figure 2-4 Gate decisions 

Figure 2-3 Stage gate process 
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In addition to the described traditional approach, the discovery stage or the fuzzy front end (FFE) of 

innovation can also be structured. Structuring can be done by formalize the ideation phase or incorporate the 

generation of new projects in the company culture. This should result in an ideation phase filled with projects 

that both adhere to the company strategy and are feasible both technical as well as resource and time wise by 

sifting out potentially lower performing projects (Khurana & Rosenthal, 1998). Management difficulties in the 

FFE exist due to a great deal of uncertainty, therefore a stronger emphasis on the FFE and  innovative 

management strategies in the FFE can prove beneficial for the generation and management of projects (Kim 

& Wilemon, 2002). The FFE can also be ‘leaned out’ by excluding parts of the stage gate that are unnecessary 

as well as emphasizing important activities (van der Duin, Ortt, & Aarts, 2014). 

Eliminating or emphasizing elements might help but projects are still prone to get stuck in a loop of low 

performance as they have multiple steady state modes execution (Repenning, 2000). To aid these possible 

delays or even failures of projects adding an agile development mythology can prove helpful as it is more 

dynamic and lets the adapt to changes and setbacks in the day to day running of the project (Karlström & 

Runeson, 2005). 

These innovative management strategies also reflect on the early gates in the process in the sense that they 

should be careful with discarding projects based on their financial outlook but in these stages should rather 

focus on the team structure (Van Oorschot, Sengupta, Akkermans, & Van Wassenhove, 2010). This contrasts 

the latter stage of development where financial values are of influence (Hart et al., 2003). Financial metrics are 

more prone to result in lower revenues statistically (McNally, Durmuşoğlu, & Calantone, 2013). Furthermore 

later stages are also supported by iterative customer input (R. G. Cooper, 2008, 2010). Note that this should 

be done with care as customers are prone to block too innovative projects, however the market potential 

should be checked before the launch (Mullins, 2007).  

In the light of unintentional stopped projects, note that there are limiting side effects to the high degree of 

standardization that stage gates promote. Very rigorous gates increase inflexibility which could lead to a lower 

degree of learning and could indicate that a gated approach can potentially harm the creation of radical new 

products (Sethi & Iqbal, 2008). 

As before mentioned the described stage gate approach forms the basis of a PPM structure as this provides a 

means of comparing the different projects in a portfolio (Cooper et al., 2004). Furthermore when adapted to 

a company’s specific needs a gated approach can be a useful management tool (Ettlie & Elsenbach, 2007). 

This can also be extended to the FFE in which a structured manner of selecting projects can prove beneficial 

in some cases albeit used with care (Khurana & Rosenthal, 1998). Worth noting are modern day additions, 

such as agile development, to a gated approach that can help with the daily management of projects, 

compared to the longer term rigid management of gates (Repenning, 2000). Other factors stemming from the 
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daily running of projects affects the effectivity of project development such as team structure and focus as 

well as customer involvement. All these factors influence the measures on which projects are selected in 

different stages (Hart et al., 2003). The next chapter deals with the next step in project management namely 

multi project management or as before mentioned the portfolio management. 

 

Mentioned in the previous chapters are the main contextual influences of project portfolio management 

including the strategy layer, hierarchically above the portfolio management layer and the project management 

layer which is located below the project management layer. This chapter describes PPM itself and gives a brief 

overview of its historical origin and its merits for a company using a PPM approach in project selection and 

management. 

The history of portfolio management goes back several decades and its first formal use has been for 

investment portfolios, a collection of investments held by an investment company (H. Markowitz, 1952; H. 

M. Markowitz, 1991). This proven way of selecting investment objects was deemed a logical approach to start 

selecting projects within a company (Kleinschmidt & Cooper, 1991). The same basic rules apply in a project 

situation, a maximization of the return and a minimization of the risk (Petit, 2012). Furthermore the NPD 

pipeline can be vastly improved when PPM practices are introduced with the help of standardizations in the 

selection process and management practices (Le, 2004). 

Former research formally defines portfolio management as follows (Cooper, Edgett, & Kleinschmidt, 2001 

p.362): 

“Portfolio management is a dynamic decision process, whereby a business’s list of active new product (and R&D) projects is 

constantly up-dated and revised. In this process, new projects are evaluated, selected and prioritized; existing projects may be 

accelerated, killed of de-prioritized; and resources are allocated and re-allocated to the active projects. The portfolio decision process 

is characterized by uncertain and changing information, dynamic opportunities, multiple goals and strategic considerations, 

interdependence among projects, and multiple decision-makers and locations.” 

Project portfolio management enables taking project measurements needed to adjust the strategy based on 

the operationalization of it (Anderson, 2008). With regard to the different projects in a portfolio, either a 

company does projects ‘right’ or one does the ‘right’ projects to succeed in business with new projects 

(Cooper et al., 2006), PPM assists companies that do projects right to also select the right projects. The 

question to what the right projects are is a question on the strategic level which seems to be very problematic 

in certain companies. In order to identify the less interesting projects, project portfolio management can help 

(Cooper, Kleinschmidt, & Edgett, 1998), as described, by standardizing measurements in a balanced 



29 

scorecard for example (Isoraitė, 2008). This standardization is eminent at gate decisions at which projects are 

selected to continue development (Hart et al., 2003).  

This means PPM practices ensure a more transparent and efficient process as well as placing more focus on 

new products. Unlike the original financial portfolio models, PPM is based on the idea that project selection 

are optimized based on multiple factors and not merely on a financial factor like NPV or ROI (Cooper et al., 

2004). The selection of projects based on multiple factors is inherently complex and means it is very difficult 

to develop formulaic solutions for this problem (Coldrick, Longhurst, Ivey, & Hannis, 2005). 

However general usability of PPM is demonstrated by the fact that it differs very little between tangible (e.g. 

services) and non-tangible (e.g. products) projects (Killen et al., 2008). Nowadays projects are more of a 

combination of both services and tangible products and in need for means to compare (Killen & Hunt, 2010). 

The fact that there is very little difference between the project types means PPM is usable to compare them to 

each other, which is even more important with the more ‘hybrid’ projects that are more common today. To 

further underline the broad usability of PPM, these project types are very common in the services industry 

and the IT industry (Kersten & Verhoef, 2003).   

While the origins of PPM are rooted in investment management it is deemed useful for project management 

as well as it has the possibility to increase value. Furthermore PPM is very generally usable making research in 

this area generalizable. Note however that PPM needs to be adapted to a different set of variables as project 

management is which will be described in the next chapter. 

 

As mentioned in the previous chapter using portfolio management in project context is usable as it makes for 

a good project comparison and more structured selection methods. This chapter better defines the goals set 

for project portfolio management. These three macro goals are, value maximization, a good portfolio balance 

and project alignment to the strategic goals (Cooper et al., 2006; Kester, Griffin, Hultink, & Lauche, 2011; 

Teller & Kock, 2013), which are elaborated upon in that order.  

Alignment to strategic goals can be subdivided into the strategic direction and the right number of projects 

(Cooper et al., 2006). These macro goals are conflicting with regards to the selection of the ‘right’ projects for 

the portfolio. For example, the portfolio with the highest return on investment does not necessarily have the 

best balance or the best strategic fit. As before mentioned this problem arises because of the multiple factors 

that need to be optimized. In order to find an optimal solution for the given factors between risk and 

potential reward a portfolio should adhere to the pareto-optimum (Doerner, Gutjahr, Hartl, Strauss, & 

Stummer, 2004), which depicts the possible scenarios that have the highest payoff value for a given amount 
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of risk and is also called the efficient frontier (Morcos, 2008).  Therefore selecting a portfolio on this line 

means the reward is optimal for the given risk a company is willing to take, which determines the strategy to 

take and with that the potential balance need (Nagji & Tuff, 2012). 

 

Apart from being an efficient portfolio it is also maximized in terms of value, which is one of the prepositions 

of PPM that focuses on reaping more profits by better selecting the really good projects and assigning the 

scarce resources to them. The value can be shown as net present value (NPV), the expected commercial 

value, a productivity index or a value based on a scoring model (Cooper et al., 2004). This maximization can 

be aimed at displaying other KPIs such as likelihood of success and return on investment and is dependent 

on the focus of the company applying the tool. Research shows that financial methods to establish a portfolio 

does not lead to higher portfolio performance and seems to undervalue new products which is caused by low 

reliability of input data (Killen et al., 2008). 

 

A portfolio can be balanced on a multitude of levels, for example a short vs. long term strategy (Cooper et al., 

2004). The most common balance that should be found in the portfolio is risk vs. reward and is related to the 

before mentioned efficient frontier (Doerner et al., 2004). Balancing a portfolio by selecting projects that 

support strategy to a certain degree and adhere to the given restrictions can have many advantages such as, 

lower risk, better spread of project types and a more constant flow of new products. Therefore the balancing 

of a portfolio is also one of the major criteria in financial portfolio selection in order to spread risks (Teller & 

Kock, 2013). In most cases projects are scored on a number of selection criteria to determine where the 

project stands opposed to their counterparts. These can be gathered in diagrams such as the bubble diagram, 

these diagrams can, with the help of some creativity, include multiple dimensions or selection criteria (Cooper 

et al., 2001). Note that financial criteria are not useful in the early stages of a project and is normally 

considered to lead to incremental innovation as opposed to radical innovation (Khurana & Rosenthal, 1998). 

 

Project alignment can be divided into two separate fields, the strategic direction and the number of projects 

to be done (Teller & Kock, 2013). 

 

PPM is a means to align the NPD budget with the business strategy; it checks whether there is strategic fit 

with the projects and whether the spending of the R&D department is in line with its business objectives 

(Cooper et al., 2004). The strategy can be implemented both in a bottom up approach as well as a top down 
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approach (Cooper et al., 2001). Bottom up is scoring projects on numerous strategic criteria within the stage 

gate process, where the gates ensure a selection of projects based on the project fit in the company. Top 

down sets aside funds in ‘buckets’ into which certain projects belong, different goals can be funded this way 

and gives a clear in sense on which goals the budget spend, in addition the projects are scored to ensure a 

balanced and optimized selection of projects within the ‘bucket’. 

 

Besides aligning the projects with the company’s strategy there are more constraints in the selection of 

projects, these constraints limit the number of projects that can be developed at a given time and affects the 

portfolio goals (Cooper et al., 2006). A company has to analyze the use of resources within current projects 

which usually shows gaps and possible bottlenecks. The company can either check the usage for active 

projects or build upon that in a schedule to be able to tie resources to NPD projects or look at its business 

goals and determine the resource usage on that.  In the first case after the active resource usage is established 

the company has to match that with the goals and needs of the new products in combination with the 

projected revenues of the projects. Reviewing the resource usage often gives insight in bottlenecks such as; 

amount of projects, work overload in a department and an idea of the efficient use of time within projects 

and departments. The second methods takes the goals upfront which have to be turned into concrete 

numbers for projects and should adhere to the strategy (Cooper et al., 2004). The number of projects should 

therefore be limited so resources can be easily allocated to them and it is possible to achieve the goals set for 

the project and portfolio (Morcos, 2008). 

As mentioned these goals also imply a multitude of measures to which the portfolio should be optimized and 

can be summed up as the project portfolio success which includes average project and product success, 

strategic fit, portfolio balance, future preparation and economic success (Teller & Kock, 2013). The average 

project success comprises the budget, schedule, the adherence to quality standards and the customer 

satisfaction, whereas the average product success depicts the success after the launch which means the return 

on investment (ROI), breakeven and the total portfolio profit. The strategic fit is important for a company it 

reflects the corporate business strategy and helps align the projects goals to the available resources. The 

balance depicts the minimization of the risks and maximization of the possible benefits. The long and short 

term goals should also be balanced and can be summarized in a value showing the preparation for the future. 

And finally the economic value that shows the short term economic benefits and the possible market and 

commercial success (Cooper et al., 2001; Martinsuo & Lehtonen, 2007; Teller & Kock, 2013).  

The valuation of a portfolio is useful tool to assess whether a portfolio is successful and allows for 

comparison of a certain portfolio against alternative plans. This chapter described the main goals, maximizing 
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the portfolio’s value, balancing the projects on multiple variables thus aligning with the strategy and selecting 

a set of projects based on contextual variables.  

 

The previous chapters discuss the goals to be attained while using PPM as well as the context in which PPM 

is active. This chapter builds on that knowledge by describing ways to successfully use PPM in a company. 

Firstly this means that as described, successful portfolio management implies that the chosen strategy is 

operationalized correctly (Meskendahl, 2010), meaning that PPM is not merely an optimization problem or 

project scoring but also a means of operationalizing the strategy. Furthermore successful project development 

and PPM is commonly described in benchmark studies (Kahn et al., 2006) which will be looked at first. After 

this a link will be made with the strategy to be implemented and PPM and how a good synergy can be 

acquired. Resources will then be discussed as well as the first research preposition. Project selection, a main 

topic in PPM, is explained leading to a number of propositions to be reviewed. The last thing to be discussed 

is the addition of PPM to management, so what difference can it make on the performance of the portfolio 

which also leads to a number of propositions. 

 

Best practices are a very common way to use as an example in the project portfolio domain. These 

benchmark studies often have certain points in common, the main findings in the benchmark studies are 

discussed in more detail in this chapter. 

Within these research programs six key metrics that depict the portfolio performance are identified (Cooper 

et al., 2001; Killen et al., 2008). These metrics include the alignment of projects to business objectives, the 

notion that the portfolio contains high value projects, the budget reflects the strategy, projects meet deadlines 

on time, projects are balanced also according to the strategy, and the right number of projects is currently 

running. These points of measurement within PPM correlate positively with NPD success measurements 

(Killen et al., 2008).  

The metrics mentioned before only show the positive side of the scale while research also indicates pain 

points and room for improvement within companies (Appleseed partners & Openseed research, 2012). In 

addition to the metrics above companies should also focus on the before mentioned aspect of not allowing 

too many projects in the process while using a limited amount of resources.  Focus should be on the speed of 

innovation high and companies should be wary of an ineffective and alternating decision process. This is 

important to reduce the waste of resources and use them where they are needed most in order to increase 

value. With regard to the measurements taken within PPM they should be as transparent as possible and be 

formalized throughout the company. If these are not met there is a great chance of changing priorities over 
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time when conditions change, which could lead to not stopping low valued projects and projects that do not 

meet the customers expectation. 

Ongoing decisions are an important aspect of the portfolio success alongside a well aligned group of projects 

(Ullman & Levine, 2009). To optimize the value of a portfolio it is important to make timely and strict 

decisions. This ensures all projects are on track and the scarce resources are used optimally over all projects 

ensuring a valued portfolio. In line with benchmark studies, projects should be stopped or cut back on 

resources if they prove to be less valuable for the company. These newly released resources can then be used 

to fund the more potent projects. This also accentuates the advantages of using advanced portfolio 

management software to be able to easily obtain this information and use that adequately (Mohr, Pacl, & 

Hartmann, 2008; Unger, Kock, Gemünden, & Jonas, 2012). The redistribution of resources also narrows 

down the risks involved in the portfolio. The quality of risk management can also be enhanced by the 

transparency regarding the risks and the ability to cope with the risks involved. This supports efficient 

portfolio management and a better balance due to a better focus (Teller & Kock, 2013).  

 

The management of risks and uncertainty in the portfolio is one of the ideas behind portfolio management. 

This link between the company’s strategy and PPM is made and it will be made clear how this affects the risks 

involved in the portfolio can be best managed by using some form of PPM.  

As mentioned the company’s strategy deals with more abstract problems than the day to day running of the 

company. This implies that  strategy should be put in to practice via PPM and is than translated into project 

management variables (Meskendahl, 2010). This operalization of the strategy is needed for the long term 

viability of the company and gives clear direction and focus related to the before mentioned  strategy (Solving 

Management Consultants, 1988). To benefit this more road mapping can be employed to ensure a greater fit 

between projects and strategy and ensure a long term vision which is more easily incorporated into the PPM 

endeavors (Oliveira & Rozenfeld, 2010). PPM also enforces a strong strategic fit to the NPD endeavors  by 

terminating projects that do not adhere to the company strategy (Unger et al., 2012). This terminating of 

projects is also part of the ‘seven principles of NPD’ in which PPM allows for a strong focus on NPD 

activities (R. G. Cooper, 2006a) and close relation to the strategy. 

However despite of the better focus PPM also concentrates on the more concrete business variables meaning 

the management of risk and uncertainties. This means that the uncertainty needs to be organized for as the 

portfolio and project input variables can change dramatically over time and should be incorporated in the 

decision process (Oh et al., 2012). This implies that a frequent revisioning of the portfolio is in place which is 

expected to happen after a portfolio is selected  to oversee the portfolio’s needs and befits (Petit, 2012).  
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These eminent risks and uncertainties should be assessed frequently and easily by using visual aids which 

seem to work best, where one of the most implemented tools is the Boston Consultancy Group (BCG) 

matrix in its many forms. The modern version of this matrix, the bubble plot, can show a multitude of factors 

relating to the group of projects for example the risk reward bubbles. The heavy use of this tool implicates 

the importance of visual tools in selection of the portfolio because of the complexity. Related benchmark 

studies show that by using these plots NPD companies are focusing more on incremental innovation and 

ensuring they have a well balanced portfolio (Mikkola, 2001). This is striking considering radical innovations 

are vital for the long term strategy of a company. Moreover if these companies can commercialize these 

radical innovations properly they are inclined to do better financially. However because of high uncertainty 

rates that accompany radical innovations, traditional financial metrics are unable to capture the value of these 

projects (Paulson et al., 2007) thus eliminating them from the portfolio. 

Portfolio management is instrumental in creating an effective decision making process within NPD 

companies. However adherence to a chosen strategy is further challenged by the fact strategy and decision 

making are not purely rational but also based on politics (Kester et al., 2011). This means some variance is 

explained in the management style of individual managers (McNally, Durmusoglu, Calantone, & 

Harmancioglu, 2009), therefore they should be selected wisely (Jonas, 2010) and be in control of the division 

of resources (Beringer, Jonas, & Kock, 2013). 

Risks and uncertainties have a great impact on the PPM structure in terms of variables for selecting and 

managing projects, as mentioned PPM can be seen as the operalization of the chosen strategy. The strategy 

outlines the desired balance of projects. To keep that balance it is important to be able to stop 

underperforming projects and promote the promising ones. 

 

While the benchmarks clearly state which practices are functioning as planned there are still some deficits in 

some areas of PPM that should be addressed. The area of resource management will be addressed first. After 

that the selection of projects will be examined more closely and lastly an assessment is made into what 

additional benefits PPM can and should offer. These three mentioned area’s lead to a set of propositions that 

are summed up in the research question. 

 

The previous chapter discussed the company’s strategy as major input for PPM. Apart from these input 

variables there are constraints that PPM needs to adhere to, the most significant of this is resource 

management which will be elaborated upon in this chapter. 
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As mentioned the available resources need to be carefully divided between the projects available for 

development. This is also a difference between PPM and PM, PPM seeks a good balance whereas project 

management seeks as much resources as available for highest probability of success (R. G. Cooper, 2006a). 

This means that resource allocation within PPM is not simply a super position of project resource allocation 

to a higher level but rather ensuring that resources are divided equally among projects (Engwall & Jerbrant, 

2003). Regarding the resource planning it seems profitable to invest in a broader breath of projects to ensure 

a higher innovation performance. This effect is greater when more novel products are created and the firm is 

more selective when assigning resources. Moreover while project descriptions in early stage are vague 

resources should therefore be allocated to a broad range of projects as mentioned, this ensures a higher pay-

off (Klingebiel & Rammer, 2013). It would also mean that in the early and mostly vague ideation stage of 

projects, more projects should have sufficient resources allocated to them which is also in line with the NPD 

funnel. Problems arise when resources are tied up in projects outside the scope of PPM. These resources  

should also be accounted for and preferably be included into the PPM pipeline in order to obtain a complete 

overview of available resources (Blichfeldt & Eskerod, 2008). 

Scheduling is important in a project setting as different project can have conflicting demands. Resource 

planning is suggested to be part of the project selection process (Liu & Wang, 2011). However planning 

systems are not often mentioned in the reviewed literature, therefore the following proposition rises: 

Proposition 1: 

The planning of resources and budgets increases the portfolio ROI value. 

 

As discussed in the precious chapter the availability and planning of resources influences PPM in practice as it 

put constraints on the usage of resources. Related to that is the selection of projects which is treated in this 

chapter. 

The selection of projects is dependent on the availability of projects within the company. Research shows that 

there is a U-shaped connection between innovativeness of a project and its success after launch. This means 

low innovative products (e.g. modifications and repositioning’s) are as profitable as radical innovations (new-

to-the-world and new-to-the-firm) in terms of ROI (Kleinschmidt & Cooper, 1991). Which could explain 

NPD companies are focusing more on incremental projects instead of radical new projects (Kester et al., 

2011). 

As project selection is dependent on available projects there should be a strong focus on generating new 

concepts. Therefore in order to excel in NPD not only the development phase, in which PPM is active, 
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should function optimal also the fuzzy front FFE end should work effectively. FFE outcomes should be 

optimized either through a formal structure or through fostering an innovative company culture. A formal 

structure ensures a greater fit with the business strategy and a better distribution of resources (Kim & 

Wilemon, 2002). It is shown that this early stage should be treated differently as these ‘loose concepts’ can be 

at the birth of a new strategy (Mathews, 2010). To aid that the company culture should let employees focus 

on business vision, technical feasibility customer focus, schedule, resources and coordination. This holistic 

approach ensures a higher degree of quality within the ideation phase (Khurana & Rosenthal, 1998). This 

phase can be made more effective by incorporating PPM, this ensures only high quality projects go into the 

NPD pipeline. Using this approach could also mean a higher resource budget for promising projects enabling 

them to evolve quicker because there is more exposure in this early development phase. The difference 

between managing this phase and the other phases should be a differing set of key performance indicators 

(KPI) and a different budgeting approach (Heising, 2012). To be most effective the stage gate structure 

should be applied to both the FFE and the later NPD phases and linking them. This can be done by using the 

Integrated Technology road mapping and Portfolio management (ITP) approach, which focusses on the 

integration of the FFE phase and the PPM phase in NPD (Oliveira & Rozenfeld, 2010). In addition the gates 

can also influence the amount of projects present in the management system (Klingebiel & Rammer, 2013) 

meaning the gates have the possibility to influence the ROI value of the portfolio greatly. In combination 

with the fact that earlier stages need a different selection approach raising the following proposition: 

Proposition 2: 

Gate decisions influence the ROI value of the complete portfolio by losing up or restricting the decision 

values in the development funnel. 

The selection of projects should not be seen as 

scoring projects or solving an optimization 

problem. As mentioned it involves much more 

which can be captured in 5 steps 

(Ghasemzadeh & Archer, 2000). Project 

selection can be split into tasks carried out 

before and after projects enter the formalized 

gates. Pre-determined tasks are pre-screening 

of projects, analysis of the individual project 

and an actual screening of the project. If 

projects pass this stage it reaches the 

formalized gates. And during these stages an 
Figure 2-5 Process of project integration into PPM 
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optimal selection of projects is made as well as adjustments over time. Figure 2-4 also shows this structure 

(Archer & Ghasemzadeh, 1999). 

Formalization of both PPM and PM, as mentioned, has a positive effect on the portfolio success. This effect 

even increases as both PPM and PM are simultaneously applied. Complex settings enhance these effects to 

have even more impact on the portfolio success (Teller, Unger, Kock, & Gemünden, 2012). The high 

complexity involved complicates the selection of projects as described. In order to decrease the complexity it 

is possible to use quantitative multi-criteria decision-making (MCDM), which corresponds with the discussed 

multi attribute optimization. Although it has its shortcomings it does eliminate the worst performers that 

should not be considered in the portfolio. The downside is that it also eliminates the top performers that 

should go into the portfolio. By reducing the number of projects up for inclusion in the portfolio it reduces 

the involved complexity (Linton et al., 2002).  However selecting based on projects attributes does prove to 

be more efficient compared to selecting based on objectives (Kornfeld & Kara, 2011). 

An additional complicating factor for project selection is the interdependencies between projects. These 

interdependencies are best visualized to gain insights (Killen & Kjaer, 2012). The interdependencies or 

interactions should be grouped based on their synergies (Keisler, 2006).  If these are synergies are overlooked 

potential value is lost or unidentified costs could be incurred (Keisler, 2005). These interdependencies could 

also explain why less funded projects could be more successful than highly funded projects (Verma & Sinha, 

2002). Larger companies group projects in programs within the portfolio. These programs represent for 

example a technology platform (Bucher & Jung, 2001). Contrastingly, interactions between projects do not 

seem to have much influence on the decision whether or not to allocate resources to a project (Toppila, 

Liesiö, & Salo, 2011). This suggests a difference in in the outcome of a model with different sized companies.  

Furthermore these interactions could hint towards using grouped gates similar to the use of batching in the 

process industry where this behavior can be very beneficial (Schwindt & Trautmann, 2000). Using a batching 

approach means the flow of project selection changes which could impact the outcome heavily (Schmidt & 

Freeland, 1992). In addition project selection algorithms also select a set of projects based on a bigger set of 

projects instead of one at a time (Linton et al., 2002) giving a higher possibility of selecting the better projects 

when selecting projects from a bigger group. This could indicate that the use of grouped decisions in the 

process can be of influence on the portfolio value: 

Proposition 3: 

The grouping of projects before letting them enter the development funnel influences the ROI of a portfolio. 

In addition to the gate decisions mentioned earlier threshold values are not much discussed in management 

literature (Bonami & Lejeune, 2009), but do seem to be relevant in companies as they require a certain pay-off 
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value from projects to match their strategy. Project selection is aided by utilizing a priori data to set certain 

demands for projects which is common practice in six sigma environments (Yang & Tzeng, 2011). 

Furthermore to reduce the set of projects and with that the complexity of the optimization (Linton et al., 

2002) thresholds can be used to rule out certain projects before selection begins (Büyüközkan & Öztürkcan, 

2010). This relates to setting targets based on legacy data (Carazo et al., 2010) which can also be seen as 

thresholds functions. This raises the question on the influence of thresholds in gate decisions:  

Proposition 4: 

Adding in thresholds in gate decisions helps increase the portfolio’s ROI value. 

Gates are  used in formalized project selection structures and have different attributes at different stages in 

the process (Tzokas, Hultink, & Hart, 2004). However there is a noticeable difference between market  types 

(Hart et al., 2003) which implies a possible impact on the portfolio value. Furthermore in highly dynamic 

markets companies require more than a resource based view on projects to stay competitive (Slater, Mohr, & 

Sengupta, 2014) indicating that more dynamic and fast markets require a different strategy setting project into 

the market. This raises the question what the impact of the market and with that the industry type is on the 

portfolio ROI value. 

In addition company size can also have an impact on portfolio value (Lawson, Longhurst, & Ivey, 2006). 

Several differences exist between large companies and small and medium enterprises (SMEs) in terms of 

product development (Nicholas, Ledwith, & Perks, 2011). Furthermore industry type and company size are 

said to influence the outcomes on several factors within six sigma (Slater et al., 2014). This implies the 

following proposition: 

Proposition 5: 

Company size and industry type influence the ROI value of the portfolio. 

In the selection of projects are still some points that are debatable. The grouping of projects is mentioned in 

literature but in the PPM setting it is rarely mentioned. Furthermore thresholds used in portfolio management 

are mentioned in literature but their influence on the ROI value is not mentioned. And lastly there is evidence 

in literature that both the company size as well as the market in which the company is active influences the 

ROI value of the portfolio. 

 

The selection of projects is very much of influence on the value of the portfolio, this is closely related to PPM 

as seen in the previous paragraph. However what does PPM add to an already existing gated approach of 
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managing projects next to a more formalized process (Cooper et al., 2006)? This chapter digs in deeper into 

what PPM can bring to an already existing management structure. This also poses three more propositions. 

In addition, PPM can also add value through a number of other factors. Framing means PPM ensures that 

projects are measured the same way and a budget is in place. Looking at alternative scenarios is a great way of 

finding an optimized portfolio and also considering other variables. The detail of available information usually 

goes up when using PPM. Furthermore the correct weights are placed on different measures regarding 

different metrics. As an extension of the formalization the reasoning and logic behind choices is documented. 

Also commitment is embedded in the PPM approach due to a more visible structure of the different projects 

(Keisler, 2006). However there are some difficulties when implementing PPM. As mentioned a multitude of 

conflicting objectives make it hard to find an optimum portfolio. These objectives in turn are not always 

quantitative in nature making it hard to measure project performance. Furthermore the risk and uncertainties 

involved in projects make portfolios unstable. Therefore a portfolio is always a tradeoff between risk and 

reward next to time to market. And as mentioned there are project interdependencies which should be 

included in the management of the projects. And the before mentioned alternative scenarios also completes 

finding the optimum solution as there are an endless amount of scenarios (Ghasemzadeh & Archer, 2000). 

Mentioned in benchmark studies but never studied is the amount of portfolio reviews (Cooper et al., 2004). It 

is estimated to be four this per annum (R. G. Cooper, 2001) but in the pharmacy industry this goes down to a 

once a year cycle due to longer projects (Reklaitis & Zapata, n.d.). Furthermore PPM itself also uses resources 

in order to be able to make informed decisions. This means there should be a maximum frequency of the 

portfolio reviews (Kolisch, Meyer, & Mohr, 2005). This contrasts a real time PPM approach (Andersen, n.d.), 

which is related to using appropriate software as mentioned. However PPM generally adds more to the 

portfolio value than using valuable resources. This brings to mind two propositions regarding the review 

frequency: 

Proposition 6: 

Reviewing an existing portfolio benefits the ROI value of the portfolio. 

Proposition 7: 

Increasing the amount of portfolio reviews increases the value of the portfolio’s ROI. 

One of the advantages of PPM is that the portfolio can be reviewed multiple times in order to check to 

progress of the different projects and based on that the projects can be selected or deselected during its 

course making for a more dynamic project selection and potentially increasing the ROI value. However not 

yet fully understood is the amount of reviews that is needed in different situations. 
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Based on the initial project assignment and the conducted literature study, the research question can be 

deducted as follows: 

Which factors in the project portfolio management review and selection process influence the project 

portfolio’s ROI value and what is their impact on the ROI value?  

This question is derived from, and supported by the following propositions: 

1. The planning of resources and budgets increases the portfolio ROI value. 

2. Gate decisions influence the ROI value of the complete portfolio by losing up or restricting the decision 

values in the development funnel. 

3. Adding in thresholds in gate decisions helps increase the portfolio’s ROI value. 

4. The grouping of projects before letting them enter the development funnel influences the ROI of a 

portfolio. 

5. Company size and industry type influence the ROI value of the portfolio. 

6. Reviewing an existing portfolio benefits the ROI value of the portfolio. 

7. Increasing the amount of portfolio reviews increases the value of the portfolio’s ROI. 

This can be summarized in the following research structure: 

Thresholds

Project portfolio ROI value

Company size Market type

Portfolio review (frequency)

Resource 
planning

Gate 
restrictions

+

+-

+ - -

+

-

-

-

+

Project 
grouping

+

+

 

Figure 2-6 Theoretical framework 

Figure 2-6 also includes the expected effects on the ROI value of the simulated portfolio. Furthermore 

portfolio reviews is the variable under study in this research and functions as a central theme. However all 

other variables found in the literature study are also checked on their impact on the ROI value directly.  
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In line with previous research it is hypothesized that a higher review frequency results in better results for the 

ROI value. A bigger company size is also expected to positively stimulate the ROI value, both directly and 

used in a setting that allows reviews. A faster market however is expected to negatively influence the ROI 

value. A stricter decision at the gates or selection is hypothesized to have a negative influence on the ROI and 

so is adding in minimum or threshold values in the process. Resource planning and the grouping of projects 

is expected to have a positive influence on the ROI value of a portfolio.  

As mentioned there are some gaps between PPM in practice and in research. Striking is that not all companies 

adhere to the best practices mentioned in several studies (Cooper et al., 2004). One of the reasons as already 

mentioned is that PPM is not just rational decision making but also relies on so called flexibility in order to 

cope with uncertainties. There is also a gap regarding the external connections with the portfolio, for example 

the customers. Another problem is that the evolution of the portfolio over time is also not yet fully 

understood as is its influence as an organizational capability (Martinsuo, 2013). As PPM is not a completely 

rational process it is also suggested to automate the PPM process in order to optimize the quality of the 

decisions. This implies another set of problems such as data quality for example (Appleseed partners & 

Openseed research, 2012).  
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The type of research method should be chosen based on the preceding literature study and the practical 

implications that suggests. The seemingly best way to solve the research question at hand is by the use of a 

simulation model. Such a model offers quantitative data and a very controllable environment to conduct very 

specific tests and allows for an accurate comparison of different influences. The model also need to include 

specific functionalities and needs to behave correctly in a specified area which is why a set of modelling 

decisions need to be made on beforehand. In this light the most fitting modelling paradigm should be chosen 

which in the case of this model is a discrete event simulation. This before mentioned simulation model is a 

simplification of reality which means the validity should be checked and the output should be verified to data 

found in literature and expert opinions. 

 

The initial problem statement and literature review already hint towards a simulation model that describes a 

typical PPM framework as the propositions are unable to be answered in a ‘live’ setting and need to be 

compared to one another without unknown influencing factors.  For example, to be able to tell if planning 

really influences the portfolio value at least two separate identical situations need to be tested which is not 

possible in a ‘live’ setting. Furthermore a model helps finding insights by structuring the process of portfolio 

selection. As mentioned this allows for an accurate comparison of a base case and a predefined scenario 

(Malerba, Nelson, Orsenigo, & Winter, 2008). Also while it is possible to gather input data from companies it 

is chosen to gather data form benchmark studies such as mentioned in the preceding literature review in 

order to obtain a more generalized dataset. 

The advantages of simulation modeling are clarity, comparability, logical power, transparency and potentially 

give a fresh new insight on a research topic by addressing a problem differently (Harrison et al., 2007) as 

opposed to using ‘real live’ data. Furthermore as portfolio management already is an ‘older’ topic which dates 

back to 1952 (H. M. Markowitz, 1991) which is also true for the project portfolio variant, a great deal of 

literature already covers PPM (Martinsuo, 2013) meaning there already is data available to build a model upon 

which is aided by a great deal of benchmark studies.  

As mentioned a simulation model structure can give more insights on a number of points within PPM. For 

example there is a need to compare different decisions strategies which is only possible if multiple runs of the 

same model are ran, which is impossible to do in a ‘real’ or ‘live’ situation and addresses the comparability. 

Next to this simulation models can also provide proof, discovery, explanation, critique, prescription and 

empirical guidance on a conceptual model. The model accompanying the thesis provides a discovery of 

measures, an explanation of what happens with different strategies, critique on earlier research and 
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benchmarks and provides prescriptions of both future research as well as managerial implications. 

Furthermore as mentioned above it is possible to address an otherwise impossible to solve problem namely a 

rerun of a situation in order to compare different decisions (Harrison et al., 2007; Kleijnen, Sanchez, Lucas, & 

Cioppa, 2005).  

This repeatability is further aided by the use of historical data in order to make the model more realistic and 

comparable to a ‘live’ situation. First a more historical accurate ‘base case’ model is made to compare model 

modifications to (Malerba et al., 1999). This is followed by a model with the modifications added (Malerba et 

al., 2008) stemming from the propositions in order to test whether or not they are beneficial for the portfolio 

value. With these tests the model it is possible to compare the different runs and see whether the alterations 

needed for the propositions are effective in increasing the portfolio value. 

There are more considerations to determine how a simulation model should look and what the boundaries of 

such a model should be, which is described in the next chapter. 

 

In order to create a simulation or formal model a modelling paradigm should be chosen based on the initial 

project scope and findings from the literature study. In order to do that a modelling outline should be 

established to determine what should be in the model and why, when that is known a modelling paradigm 

should be chosen that best fits the modelling outline. 

 

The outline of the model is already depicted in the beginning of the chapter. The simulation model should 

adhere to these ideas. Furthermore the propositions found in the preceding literature study have certain 

prerequisites for the model.  The following characteristics have to be included in the model to ensure an 

answer can be found for the propositions in numerical order: 

1. Time is a variable to be included as planning is dependent on it. Furthermore projects should have 

time constraints attached in order to ‘plan’ these projects in the complete set of projects. 

Furthermore an overall planning system should be in place to keep track of running projects and to 

ensure there is no overflow of projects that do not fit in the set. The amount of available resources 

should also be attached to this system as it should prevent projects outside of the viable scope by not 

selecting them if no more resources are available. 

2. Not selecting based on resources and time adheres to the gates that should be in place in the general 

system. These gates are fundamental in the basic selection process of the stage gate (Cooper et al., 
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2006). Furthermore past research shows a generalizable failure rate for projects to be taken into 

account (Saunders, Wong, Stagg, & Mar Souza Fontan, 2005). 

3. Thresholds can be placed at gates and are a selection criterion to ensure projects only pass the gates 

when they meet these thresholds criteria. 

4. Projects should have the ability to be grouped together to be selected as a whole instead of one by 

one as this could influence the total set of projects in the system by using up a lot of resources in one 

go and pre selecting only the most capable projects. 

5. Inputs for the model are variables depending on the company size and market type. In order to 

accommodate this, different tests need to be carried out to measure the influence of these factors. 

These factors should include for example time consumption per stage (Cooper & Kleinschmidt, 

1988), the amount of new projects, available resources, estimated project value, development time 

and resource cost. 

6. The complete set of active projects which also includes projects during rework and those waiting to 

be assessed at a gate should be able to be reviewed as a whole. This means the whole set of projects 

should be allowed to be dropped at any given time in the process. Therefor projects could be only 

half way before they are stopped or even almost completed in order to free up resources for even 

better projects. 

7. As it is unclear to how many resources are carried out to obtain optimum results the review 

frequency should be able to be changed from test to test. This means that the point where a review 

can take place should be allowed at a random point in time. 

Furthermore the following points should be used in the model in order to solve the propositions: 

 Individual projects with their own attributes in order to track the progress of the projects and to 

correctly simulate the ‘life’ of a project. 

 Clear use of resources is important so that the ‘consumption’ of workers and financial aids is clear, 

which means this should have the possibility to be measured.  

 A stage gate system should be modeled to capture the project management dynamics, as this forms 

the basis of PPM (Cooper et al., 2006). To simplify this, a gated system with only two stages is used 

while this still displays the dynamics involved in such a system. 

 A separate portfolio management structure should be modeled to show the impact of a portfolio 

review in time. A setup like this enables the model to be run a a base case scenario (without PPM) 

and with possible improvements e.g. with PPM. 

 The model is focused on the internal workings of a company; therefore non-influenceable factors 

only moderate the outcome. 
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The formulation of the problem is given in 

both the initial problem statement as well as 

in the literature research. This is captured in 

a conceptual model which is elaborated 

upon in the measures that need to be 

included in order to obtain a working 

model. This package needs to be checked 

for validity. If valid it can be used in the 

model, note that if these assumptions are 

found to be correct it implies the model is 

correct (Harrison et al., 2007). The model 

should be programmed in such a way that it 

can answer the research questions, is easily 

‘readable’ and is theoretically correct. This 

model should also be validated preferably based on historical data (Malerba et al., 1999). After this it is 

possible to extend the model in such a way it is possible to conduct experiments which individually should 

also be validated.  

The ‘picture’ the model is trying to capture is set in the framework as mentioned in the literature study 

(Stantchev et al., 2009). This can be elaborated upon as shown in Figure 3-1 (Mohr et al., 2008). The model 

will have similar connections as shown in the conceptual model with the exception of the external variables. 

This is a possible moderating variable and is treated as a management decision to buy/sell new projects to 

external parties. External relations are not taken into account as the model can only influence measures that 

can be controlled by managers and so is outside the scope. 

Before programming the model based on the before mentioned literature a modelling paradigm should be 

chosen which is most capable of capturing the theory. 

 

Modeling a business process can be done using several modeling paradigms. The three basic simulation 

model types are (Borshchev & Filippov, 2004; Harrison et al., 2007): 

 Discrete event modeling (discrete event or DE), used often in network structures and logical circuit 

design. These models can also be seen as grid structures and are called cellular automata models in a 

simpler form. 

Figure 3-1 R&D strategy implementation framework 
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 System dynamics (continuous or SD), used when only global knowledge exists of the functioning of a 

system. 

 Agent based modeling (discrete rate/hybrid or AB), used to model business processes when there is 

no knowledge of system behavior. 

Both discrete event and agent based modeling are on the level of individual instances, for example a person 

or project that moves through a system. System dynamics is a technique that allows to model only system 

level interactions between variables. This is often used when not all details are known within a system 

(Borshchev & Filippov, 2004). In addition some modeling tools allow conducting a Monte Carlo analysis or 

to give sensitivity reports, for example Extendsim1.   

All techniques are examined and compared to the potential needs for the model to be able to model the 

problem as originally stated. Furthermore in an ideal environment multiple modeling techniques are used for 

a specific problem to capture the problem as accurately as possible. This specially counts for a problem as 

posed, for example by modeling the continuous market dynamics as well as an object oriented approach that 

projects need (Solo et al., 2004).  

 

Figure 3-2 Paradigm comparison 

 

                                                      

1 http://www.extendsim.com/sols_simoverview.html last accessed: 19-11-2014 

http://www.extendsim.com/sols_simoverview.html
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Figure 3-2 shows which modelling technique can be used for different abstraction levels of a model 

(Borshchev & Filippov, 2004). Because the problem is based on individual projects that have varying 

attributes that are crucial for the calculation of the overall portfolio value the abstraction should be low to 

middle abstraction detail.  

 

Discrete event models have a low abstraction and resemble reality relatively close. They mostly consist of 

‘flow charts’, for example petri nets as used in CPN tools to model the behavior of ‘tokens’ though a process 

(Borshchev & Filippov, 2004). It is used very often in business process modeling for these reasons. It is 

possible to use multilevel nets which allow different classes of objects in the system, in this case for example 

different resources classes and the individual projects. This allows a very straightforward integration of the 

multiple objects present in the model (Janousek & Kvetonová, 2009). The discrete event model is also 

considered as one of the possible solutions for multi attribute problems under uncertainty (Reklaitis & 

Zapata, n.d.). 

 

Figure 3-3 Discrete event model 

Figure 3-3 shows a discrete event modeled according to DE simulation standards which resembles a 

flowchart and functions as such. In DE models the time is discrete and therefor ‘jumps’ from event to event 

(Borshchev & Filippov, 2004). 

 

The research question is set between the operational level and the strategic level as it is the operalization of a 

chosen strategy in choosing projects as mentioned in the literature review. Figure 3-2 translates this into a 

type of simulation model, this means the simulation model at hand uses operational parameters to be able to 

tell something that is going on at the sub-strategic level. When using operational parameters only an DE or 

AB model is feasible to use, discarding SD models.  
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Furthermore the reason agent based modelling is not an option is that projects do not resemble the definition 

of agents. Agents should be decentralized and interact with each other. In that light only the developers of the 

projects can interact but we are not interested in their behavior. Assuming projects can interact makes the 

model potentially very abstract  and more related to the strategic level of which less parameters are available 

and are not on the same abstraction level as the potential answer to the research question. Furthermore 

because it is a relatively new paradigm there is only a small amount of software available, this software in 

general is very simplistic and causes oversimplified models for a problem like the research question at hand.  

Therefore the seemingly best way to model the initial problem is with the use of the discrete event paradigm. 

It allows the modelling of different projects, also over time and with time constrains. Furthermore all points 

mentioned in the ‘Modelling Outline’ can be adhered to and allow for solutions to the problem. There are 

also some downsides however, for example it is very difficult to model the market on which the project value 

is dependent, and the ability to do random reviews during a process is more difficult to model. 

Different tools allow building a discrete event model, however because this tool should be usable in a short 

amount of time a tool is needed with enough support documentation to overcome a learning curve. 

Therefore the tool chosen for modeling is the Arena simulation tool from Rockwell automation, the 

reasoning behind this choice can be found in appendix III showing an overview of the assessed tools for 

modelling. 

 

A simulation model imitates the real world situation in a simplified manner. This way it is possible to study 

the system under different operating conditions, the proposed structure of which a stage gate forms the 

process is possible to model in a discrete event environment (Reklaitis & Zapata, n.d.) which can also be seen 

as a management pipeline for new products. 

Instead of optimizing a predefined portfolio of projects, the model aims to better select random generated 

projects. In addition, to simplify calculations the optimization is done linearly instead of using a multi 

attribute algorithm (Decision Lens, 2012), this only optimizes one combined valuation variable during 

portfolio reviews. For an overview of the ROI calculation see appendix IV. 

 

In order to find an answer to the research questions and the propositions a structured set of tests need to be 

simulated in the model. This can only be done after the base case test is validated. All scenarios to be tested 

are based on this base case model extended with the management actions to be taken in that scenario. 
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As mentioned the tests should include a way to answer the 7 before mentioned propositions on which the 

research question is based: 

1. The planning of resources and budgets increases the portfolio ROI value. 

2. Gate decisions influence the ROI value of the complete portfolio by losing up or restricting the decision 

values in the development funnel. 

3. Adding in thresholds in gate decisions helps increase the portfolio’s ROI value. 

4. The grouping of projects before letting them enter the development funnel influences the ROI of a 

portfolio. 

5. Company size and industry type influence the ROI value of the portfolio. 

6. Reviewing an existing portfolio benefits the ROI value of the portfolio. 

7. Increasing the amount of portfolio reviews increases the value of the portfolio’s ROI. 

The propositions above are included in the model setup, and in order to do this a base case is built on which 

all other tests are based in order to compare the different tests against one another.  

Therefore the first setup will be a base case scenario utilizing a basic stage gate setup which already includes 

some ‘intelligence’ as this is a prerequisite for good PPM (R. G. Cooper, 2006b). After that all different tests 

are done and compared to the base case scenario. The following aspects need to be tested: 

 Base case, scenario to be validated and serves as a standard model for other tests 

 Company size, this includes 3 tests for small medium and large companies 

 Market type, this includes 3 tests for slow medium and fast markets which is depicted by the decline 

of the project value over time 

 Thresholds, tested on all gates 

 Gate rules, varying gate rules from very strict demands to very loose demands of projects 

 Batching, opposed to the base case the projects are grouped before they arrive at the gate 

 Planning, a planning system is in place to allocate the amount of time available and prevent projects 

to become active if no resources are available 

 Review, enables a review system to instantly check all active projects and remove them if they are 

substandard here gate decisions also influence the check 

 Review frequency, same test as above but different runs to check for an optimum 
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This includes different combinations of tests mentioned above to check its influence under different model 

conditions. Appendix II, the model description discusses these variables more in depth. Some variables are 

changed in multiple scenarios and all scenarios include multiple changed variables as this resembles reality 

better. 

These tests combined can answer the propositions as stated making the framework. These answers in turn 

can be used answer the proposed research question in the discussion section. 
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The main model consists of a stage gate model (Cooper et al., 2006) which is supplemented by the ability to 

review projects based on several attributes relating to their value for the portfolio. As the selection of projects 

is an ongoing process (Tanaka, 2004) it is also modeled as such. Furthermore in contrast to a multi criteria 

setup (Tanaka, 2004) which can both be optimized for attributes or objectives (Kornfeld & Kara, 2011) this 

model uses a linear optimization as will be explained while discussing the base case. 

As mentioned the model needs a base case in order to assess the standard model outcome, which can also be 

used as a validation for the model (Malerba et al., 1999). This base case only implements the found standard 

best practices and does not use additions to the model that are used to check the influence of the 

propositions. For example in the review frequency scenario this means first testing  a frequency of four times 

a year (R. G. Cooper, 2001) as opposed to not using reviews. For project selection only the valuation measure 

is used which means that for a given maximum of investment budget projects are selected based on their 

value for the portfolio. In order to simplify the simulation the dependencies between projects is assumed to 

be non-existent. 

For the selection of the projects, the projects have unambiguous variables that are objective and measureable 

as well as randomly generated based on input variables. Furthermore qualitative variables should be either to 

include or to exclude from the equation, for the model meaning using a 1 or a 0. The quantitative variables 

should have both an upper and lower bound if possible and be defined as different variables to be able to use 

them more (Le, 2004). To ensure limits, random input variables are chosen from a triangular distribution 

based on data gathered from literature and searches. Furthermore variables should be mutually exclusive and 

be applicable in all stages of a project (Mathews, 2010). Therefore variables adhere to projects and are usable 

in all stages which ensures the comparison between stages on the same variables. 

 

Several different literary sources are used to shape the model as well as filling the model with initial data. In 

addition to that different online resources are used to get a grasp of company related operational variables to 

be able to validate input variables that where needed for the operational model which could not be found in 

literature. The described variables where grouped and used to address and estimate the differences in the 

company size and where checked with the help of expert opinions. Chapter 4.4 discusses the variables in 

more depth, which should provide a more detailed overview of the used sources, however Appendix I of the 

model description (Appendix II of the thesis) also specifies the origin of the input variables which entails the 

main influence. 
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In addition the data gathered with the help of the model is used formulate answers for the propositions and 

the research question. This raw data has to be distilled to make it more insightful and easier to understand to 

formulate answers. Furthermore the data gathered from the base case are used to validate and adjust the 

model.  

 

As mentioned data for the base case is needed to validate the model and to check whether it performs within 

the boundaries it is supposed to. Furthermore it is also  possible to run a statistical analysis on the models 

output in order to validate it (Kleijnen, 1995a). This however is not always necessary as optimal calculations 

are not needed but the robustness of the decisions the model makes can be checked this way. Moreover the 

model itself is designed to check alternatives for the base case which are described in the real world data 

(Kleijnen et al., 2005). All these scenarios are to be tested and compared to the validated base case, of which 

the scenarios themselves are abbreviations. This is further described in the next chapter dealing with the base 

case. 

Verification of the model takes place while making the model. The model setup should be modular and be 

run in portions to check the internal validity of all the separate parts. This also allows for intermediate checks 

of the model and is in line with the agile software development structure. Furthermore the model should also 

be object oriented making it easier to comprehend the model visually. It is then possible to check whether the 

system, or at least parts of it, behaves like they should behave according to real world data (Kleijnen, 1995b). 

Therefore the model should be build modular and the different parts need to be checked for functioning and 

added to a complete model which resembles the agile way for software development (Punkka, 2012). This 

ensures the different parts are verified for their working, and allows for a more detailed and easier way of 

checking the working. 

 

As mentioned in the method section the base case is the standard scenario on which the other scenarios are 

based. This base case is also check for face validity based on the output data of the model and adjusted to 

match expectations. 

Figure 4-1 is a graphical representation of the final model as described in Appendix II. Note that the review 

sub process as shown in the diagram is only used in the latter scenarios as also described in the PPM 

extension sub paragraph. 



53 
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Figure 4-1 Model overview 

The base case model consists of a stage gate process, which in this model contains two stages relating to the 

before mentioned five stage approach (R. G. Cooper, 2006a). the first stage is comprised of idea screening, 

developing a concept and a business analysis whereas the second stage entails the development and the 

marketing. Simplified this means the development of the product is stage two and the idea development is 

stage one using the appropriate gate decisions to adhere to the success rate per gate (Saunders et al., 2005). 

The ideation phase is seen as the entry of projects in the system and is assumed to be out of scope for the 

model. 

The gates select projects based on technical feasibility, market feasibility and the project value which is a 

simplification of earlier research on gate decisions (Hart et al., 2003; Tzokas et al., 2004). In addition to that in 

stage two also the budget overrun is checked and projects get stopped if this overrun is too high and placed 

back into either the one of the batches or a waiting queue, note that the batch representation in Figure 4-1 is 

both the batch and the queue. 

In addition, if projects do not meet gate requirements they can receive rework instead of being stopped if 

either the technical or market feasibility is above the given standard. These standards are based on the average 

failure rates of the different gates (Saunders et al., 2005). 

Related to this base case model are the different scenarios which are better described in the model description 

in appendix II, but also found in paragraph 4.6 “Tests”. These additions to the base case are to check the 

influence of input variables without the use of reviews, so once projects are accepted they stay in the system 

unless they are stopped at gate two if the requirements are not met. This allows checking the individual 
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benefits these management actions could provide. Furthermore this also brings more dynamics into play, in 

the case of market type the value of projects is made dependent on the market thus lowering the value over 

time. This brings about an extra set of dynamics that related to the speed of the market and the choice of 

whether to go for a portfolio with more radical projects or incremental. 

 

In addition to these scenarios, the influence of the reviews is also checked and is seen as the important 

management influence. This reviewing can stop or continue projects that are already underway or ones that 

have just come from the ideation phase. A graphical representation is shown in Figure 4-1. 

The optimization needed to select projects is done in a linear fashion to simplify this process. All variables 

that influence the potential of a project are gathered in the value of the project. This value is based on the 

initial estimated value of a project and discounted with the cost of time, feasibility and sunk costs amongst 

others. The calculations and model logic are presented in more depth in appendix II. Based on this calculated 

average value the projects are continued, started or stopped.  

Furthermore next to checking the effects of using reviews also the influence of the frequency of reviewing is 

tested (Andersen, n.d.; Cooper et al., 2001). These should first be tested separate to see the individual effects. 

The complete model, with all changes, is then also tested and is assumed to be the optimal design and most 

realistic for portfolio management. In these tests the optimum review frequency can be better determined. 

 

The used variables are important in simulation studies and as such they should be selected carefully. Some 

variables are needed to define projects whereas other are needed for the selection of these projects. 

Furthermore variables are also 

recorded and used as output data 

of the model which forms the 

basis of the results, Figure 4-2 

shows an overview of the 

measured variables. The model 

description in Appendix II 

depicts the complete set of 

variables used.  

Output

Total projects generated Total projects generated during the simulation

Total projects finished Total projects finished during the simulation

Total projects process Total projects selected during the simulation

Total killed Total projects stopped during the simulation

Delay Time Total delay incurred by projects

Risk process Total average risk of projects in process

Risk finished Total average risk of finished projects

Potential value Total accumulated value of finished and projects in process

Market value Total discounted value of projects

Total sunk cost Total costs already spend

Resource usage Average resource usage

Expected ROI Total ROI expected, measured after stage 1

Real ROI Total ROI finished, measured after stage 2

Lost cost Resources used for stopped projects

Figure 4-2 Output variables 
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The output variables above allow an objective and complete comparison between runs. They keep track of all 

the different projects, delay time, involved risk, initial project value, invested resources, resources in use, ROI 

both for the process and obtained and costs used up but not on completed projects. This allows for an 

overview of how the process works and whether or not a certain strategy is profitable. The setup can also 

suggest where bottlenecks could be due to a bigger collection of gathered data. 

Risk sums up a multitude of different types of risk such as technical or market uncertainties (Reklaitis & 

Zapata, n.d.). These separate values however do not influence the measurement as they are not needed in the 

overall portfolio valuation. The value incorporates the costs incurred as well as other portfolio values. 

Other key-variables used only in the simulation model itself are also important, especially updating certain 

values when they change over time is critical in a discrete event simulation and as such this should be done 

correctly. 

In addition there is also a set of input data used in the model to define the different scenarios based on the 

theoretical framework found in chapter 2. These variables are all based on data gathered from literature 

sources in particular benchmarks and best practices as they give a great overview of variables being used in 

practice. The body of literature on gates and the corresponding failure rates and what it is that is checked at 

certain gates or points in time for the project allows for an initial setup of the input data (Cooper & 

Kleinschmidt, 1988; Hart et al., 2003; Saunders et al., 2005; Tzokas et al., 2004). Using this data together with 

gathered company data allows for a model that functions on the operational level of portfolio selection. 

Figure 4-3 shows the different values used to describe the scenario and the definition of projects entities. 

Appendix I of the model description gives a detailed overview of these input variables. Figure 4-3 only shows 

input variables that actually 

vary in the different 

scenarios.  

 

Input

General

Resource cost Cost of one resource per day

Review amount Amount of reviews per year

Projects amount Projects generated per year

Capacity developers Capacity of available developers

Gate 1 selection values Set of values describing the selection criteria for gate 1

Gate 2 selection values Set of values describing the selection criteria for gate 2

Review selection values Set of values describing the selection criteria for the review process

Batch time Time for batch process

Waiting penalty Set of values used to caluculate time penalty

Project related

Resource consumption Project resource consumption as distribution

Time consumption Project time consumption as distribution

Estimated value Initial estimated value for a project as distribution

Technical feasibility Technical feasibility of a project as a distribution

Market feasibility Market feasibility of a project as a distribution

Development costs Additional costs for developing a project as a distribution

Radical value Values adjusted for radical projects, high pay and risk

Figure 4-3 Input variables 
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Key concerns for simulation models are the warm-up period, the run-time and the number of replications 

(Hoad, Robinson, Davies, & Elder, n.d.). A decision has to be made for these global model parameters based 

on literature, data sources and gathered model data. After gathering data from the base case output and 

analyzing the data it is decided to use a simulation length of 10 years and use 200 replications of each run as 

described below. 

 

The run time of the model is the amount of virtual time it needs to complete a run. In order to compare runs 

this is a fixed number opposed to a dynamic run time. Based on the Flightmap tool build by Bicore the 

average run time of portfolios is 2 years ahead of time. Benchmark studies on the other hand look 3 years 

ahead on average. However because of the fact that the model is based upon operational parameters the 

length of a project should be taken into account in order to have completed several projects before the run 

ends. As the calculated average project length is roughly 2,5 years the run time should allow for multiple 

projects to finish to overcome an empty and not working system. Therefore the run time of the model is set 

at 10 years. 

 

Simulation models usually need time to ‘fill-up’, in this case it takes time to fill the model with projects before 

it runs in a ‘steady state’ (Robinson, 2007) . This period can be accounted for within the modelling software. 

However because only ‘overall’ values are compared to one another this bias is eminent in all runs and is 

therefore irrelevant as runs will only be compared to one another and not the ‘outside’ world. However if the 

data is compared to ‘real world’ data this bias should be corrected.  

 

The number of replications is based on a simple graphical method with data gathered from the base case 

scenario. Using this data the cumulative ROI value can be plotted and set against the number of replications 

(n) in a Q-Q plot, where data points converge to a line when points are normal distributed which is 

considered a requirement for the minimum replication count (Hoad et al., n.d.; Robinson, 1994). Furthermore 

a using a histogram with a plotted normal curve provides a fast overview of the dataset fitting a normal curve. 

Appendix V shows these test using the base case, that shows that while 50 replications would suffice 200 

replications fits the normal curve better while 500 replications only marginally fits better which is why n is 

selected at: 𝑛 = 200. 
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In order to test the different propositions the scenarios 

are tested independently. Figure 4-4 gives an overview 

of the tests to be ran, 0 and onwards, and are set 

against the different propositions, 1 through 7, to be 

tested.  

As mentioned the base case is used to calibrate the 

model and if this functions as intended the other 

scenarios can be tested as well. First all independent 

scenarios e.g. the batching, planning and different 

company sizes and market types will be checked.  

The influence of a dynamic budget is also tested as this 

is not in the base case which has a fixed yearly budget 

compared to a budget that varies each year according 

to the amount of finished projects which introduces 

more dynamics to the model. The dynamic budget is 

included in the complete test as this better resembles 

reality. 

The test numbers are used in the model to signal which 

data to use from the input table and which parts of the 

model should be active as explained in the model description appendix II. 

 

 

 

 

 

 

 

Figure 4-4 Testing overview 
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As mentioned a base case model is made by using data gathered from literature and calibrated by the use of 

output data and is used to other compare the other scenarios to (Malerba et al., 2008). The model as 

discussed in the previous chapter is used to obtain data points which in turn can be used to produce results 

tables and graphs.  

The results discussed in this chapter are summarized based on the propositions as stated in chapter 2, where 

all subchapters depicts one of the propositions. These chapters state which proposition number it reflects and 

which tests are used to test that proposition according to the test overview in Figure 4-4. 

Note that the results as discussed in this chapter are averages from the 200 different runs. And data such as 

the ROI values are also averaged over the 10 year period where the model registers the measurement for each 

year. Figure 5-1 is an example of the first of 200 run and as such displays a 10 year period. Furthermore while 

more data is available, only the graphs of the final ROI are used in the report as this is the main metric of 

interest. 

 

The base case consists of 200 runs each containing 10 data entry rows displaying the 10 years the models 

runs. The data gathered in the run can be found in Figure 5-1. 

 

Figure 5-1 Sample (1st run) of base case output data 

This data is gathered by a separate excel sheet in order to take averages and compile graphs to better 

understand the data. This way it is possible to split up the different information types to analyze the run. 
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10 1511 119 18 1373 17799 0,661 0,954 61203551,24 446889446,9 42282874 90,5 25,48 10,29 14645397
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Columns 2 till 5 depict the amount of projects in the system. It’s clear that the system fill till roughly the 

specified amount of 1600 projects over 10 years. It also shows that based on the model setup there are 

roughly 120 projects finished in this 10 year run. The amount of active project is projected to be roughly 20 

which seem to be the case in the single run. Furthermore it’s clear the majority of projects gets ‘killed’ 

conform to the gate decisions.  

 

The cumulative delay time is measured as this depicts the effectiveness of the system. This is not a constant 

value and drastically increases as the model is filled with projects, however there is little difference from year 

to year when filled up. This delay averages 1772 days of delay each year. 

 

Risk is measured constantly but only the averages matter, as can be seen the amount of risk does not fluctuate 

that much. The risk is progress is the combined risk of the projects that are selected to be in the process but 

not finished. It’s clear that the system does not let this value fluctuate too much but is still more variable than 

the risk of finished projects. This last risk measurement only depicts the finished projects and is naturally 

higher as risk is related to feasibility which is a selection factor for the gates. Also note that a risk rate of 1 

represents a project that is 100% feasible and that a risk rate of 0 means the project is not feasible at all. 

Furthermore this value is used to be able to compare the averages between runs.  

 

Related to the ROI the project value is also measured. This gives insight in the potential value of projects in 

the process and the realized value from the projects. However this is only part of the ROI value and serves as 

an indication of the value potential of the system. 

 

Both sunk and lost costs are measured which depicts the costs that have already been paid for example a 

project that went through 2 gates bot got canceled in the process has induced sunk costs. However the 

moment it gets canceled it also has lost costs which are expenditures that did not help the rise of the portfolio 

value. 
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The resource usage gives insight in the resources being used in the process. These can’t be assigned to 

projects all of the time and are therefore only partly in use. The resources have a use score of 89% in the base 

case. 

 

The ROI is the measure to be compared in this study. Both the expected ROI and the finished ROI are 

measured to get a grip of the change over time as the values change as well as the risk involved. The expected 

risk is a combination of the risk and values of the projects in the process whereas the finished ROI measures 

all active projects as well as the finished projects. The average expected ROI in the base case is 20.5 and 9.9 

for the finished projects which is the expected value for the base case. 

 

 Proposition: 1 

 Test number: 6, 30 

As mentioned all coming chapters describe the propositions as stated in chapter 2, the proposition number is 

shown above as well as the corresponding tests done to analyze the proposition. 

Compared to the base case test 6 tests the dynamic budget and test 30 tests the planning system. The dynamic 

budget can use up more resources than the standard 100 if the payoff from projects is higher than the break-

even point. 

The dynamic budget has an increased number of finished projects of on average 155 over the 10 year course, 

with the average amount of projects in process being lower. This is assisted by the increase of resources 

which is at 118% of the original 100. The delay is also reduced by half of the original amount. The expected 

risk is slightly higher over the years but does not influence the risk for completed projects. Both the expected 

value and the final value of projects increases drastically as the final value is almost 2,5 times higher. Costs in 

turn also increase due to more resources used, sunk costs increase by 25% but costs lost in the process are 

slightly lower. This is not reflected in the expected ROI as this the same at 20.5, but the finished ROI is 

higher at 11.1. The spread however is higher for the finished ROI as shown in Figure 5-2. This shows the 

finished ROI values and spread for the base case, the planning scenario and the dynamic budget scenario 

from left to right.  
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Figure 5-2 ROI graph base case, planning and budget 

Introducing the planning system does not impact the amount of projects much except for the projects in 

process which on average is slightly lower than the base case. In turn the delay incurred over time is higher 

than the base case. The risk is roughly equal to the base case and so is the final value, the resources and both 

the sunk and lost costs, the expected value however is slightly lower. The expected ROI is also lower at 19.1 

but the finished ROI is higher at 10.2. 

 

 Proposition: 2 

 Test number: 7, 8, 44, 45 

Proposition 2 specifies the impact of gate decisions on the portfolio ROI. Test number 7 and 8 test whether 

respectively looser or stricter gates rules have a positive effect on the portfolio when running the base case. 

Furthermore test 44 and 45 do the same test but based on the scenario including portfolio reviews. 

The amount of finished projects is contradictory, the base case under performs when using loose gates but 

when used in combination with portfolio reviews it outperforms the strict gate scenario, however both do not 

perform as well as the base case. The amount of projects in process is as expected higher with loose gates 

compared to more strict gates. In terms of delay, the looser gates have roughly a factor of 10 more delay over 
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the complete run, and excluding the portfolio reviews here seems to increase performance. In terms of 

expected risk the looser gate scenario it is outperformed by both the base case and the stricter scenario by 0,1. 

This is also valid for the completed risk with the expectation that the stricter cases outperform the base case. 

As for the expected valuation of projects, the looser scenarios well outperform the strict scenarios as well as 

the base case. In the case of the finalized projects enabling the portfolio reviews means a lot for the value of 

the loose gates as they underperform without it but over perform using reviews. In the case of the strict 

scenarios this has little influence. In terms of costs, using strict gates reduces the costs and utilizing the review 

process reduces these costs even more. The resources in the strict scenarios are underutilized at 53 and 58 

compared to 98 and 99 for the loose scenario which is higher as the base case. As for the ROI value, it seems 

as the strict scenarios outperform with 23 and 22 as expected values compared to 13.4 and 17.5 for the loose 

cases. However when looking at the finalized ROI values using loose gates with portfolio reviews performs 

better at 15.2 compared to 10.9 for the strict case which is also shown in Figure 5-3. Not using portfolio 

reviews result in an ROI of 1.7 and 11.5. Figure 5-3 shows the loose scenario, base case, strict with review 

scenario, the strict scenario and the loose scenario with reviews from left to right. 

 

Figure 5-3 ROI gate decisions 
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 Proposition 3 

 Test number 9, 46 

The third proposition deals with thresholds at the gates, which is translated into minimum values for the 

projects in the model.  

The amount of finished projects is lower when using thresholds and even lower when also using reviews. 

This could be due to a lower amount of projects in the process. The amount of ‘killed’ projects is not that 

much lower however. The delay is lower but when using the portfolio reviews the delay goes up again due to 

added time costs when reviewing. The risk differs just little when using thresholds compared to the base case, 

which is also true for the value. Sunk and lost costs however seem to be lower than in the base case. The 

amount of resources is only slightly impacted. In terms of ROI thresholds do not work when not 

implemented at the same time as portfolio reviews, which is true for the expected ROI and even more so for 

the finished ROI as depicted in Figure 5-4. With from left to right the base case, the normal threshold 

scenario and the threshold scenario aided by portfolio reviews. The expected ROI values are 13.4 and 23 for 

the base and review scenarios and 10.3 and 11.7 for the finished ROI, so both are better than the base case 

scenario. 

 

Figure 5-4 ROI graph thresholds 



64 

 

 Proposition 4 

 Test number 20, 21, 22 

Grouping or batching is efficient in different industries (Schwindt & Trautmann, 2000), test 20, 21 and 22 

check if and how to implement this in a PPM setting. Test 20 is a medium case which amounts to the time of 

delay to batch the projects and is set at 20 days compared to 5 days in test 21 and 40 days in test 22. 

In terms of project all scenarios prove worse than the base case. The shortest batch time perform the best at 

103 finished projects. Furthermore a longer batch time also means there are generally more projects in the 

system. This in turn has devastating effects on the delay which is higher if the batch time is longer. It does not 

have a big effect on the risk involved however. Interestingly the expected values go up if the batch time is 

longer but the actual final values are lower if the batch time is longer. Sunk costs increase when the batch 

time is shorter as less resources are spend on reevaluating projects by only selecting the high performing 

projects. However the costs lost on stopped projects is higher when the batch time is longer. Furthermore the 

longer the batch time the less efficient the resources are used at 85, 65 and 46 from short to long times. 

Expected ROI in turn suffers from extended batch times at 21.2, 20.4 and 17 for the longest batch time. This 

is even worse when looking at the finished ROI at 10.5, 10.1 and 2.8 for the longest batch time as seen in 

Figure 5-5 with long delay, medium delay and short delay from left to right. 

 

Figure 5-5 ROI grouping 
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 Proposition 5 

 Test number 1, 2, 3, 4, 5, 50, 51, 52, 53 

The tests can be split up into company size effects and market type effects. This means test 0, 1, 2, 41, 50 and 

51 are compared and 3, 4, 5, 41, 52, 53. 

Based on all measurement values the company size is very important as this fluctuates heavily. This is due to 

the way the model is setup and the input values and is therefore not very reliable for output. However it is 

possible to see what the effects are on the portfolio review model. When using PPM a higher amount of 

projects get killed and is in the process which contrast the lower number of completed projects. The total 

amount of incurred delay also increases when PPM is used. Risk however is roughly the same in both 

situations. Value however is slightly lower when PPM is used both expected and finished values. And while 

sunk costs are lower when PPM is used the lost costs are higher. When PPM is used the resource usage is 

slightly more effective. In terms of ROI the cases with PPM seem to slightly outperform the base case 

settings as shown in Figure 5-6. 

 

Figure 5-6 ROI company size 
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The industry type, used in the model as a fast normal or slow market is less influential than the company size 

with the used input data. Based on projects the slower the market the more projects are in process and 

finished. Interestingly not using PPM means a higher number of finished projects but less projects in the 

process. As expected slower markets also lead to more delay in the process, also due to a lower cost of time, 

and is worsened by using PPM. The risk in all cases is roughly the same as the base case. Both the expected 

and finished project values are higher in slower markets. Costs on the other hand stay roughly the same. But 

resources can be planned more effectively in slower markets causing a higher usage percentage. The ROIs 

differ more between the expected and finished values with higher values for the slow markets, 10.9 with PPM 

and 10.4 without. Fast markets are 8.1 with and 7.2 without PPM as shown in Figure 5-7.  

 

Figure 5-7 ROI industry type 

 

 Proposition 6  

 Test number 0, 41, 44, 45, 46, 50, 51, 52, 53, 60, 62 

The effectiveness of using a PPM approach is already proven in the tests above. Therefore only test 62, which 

does 4 reviews a year, is used to compare the PPM base case test 60 with a full PPM approach complete with 

all the dynamics introduced in the previous tests.  
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The tests using the dynamics are prone to go bankrupt over time. When looking at the individual test data it’s 

clear that on occasion the process does not finish any project and therefore has not realistic score. They are 

included in the comparison as they occur in all tests however they do offset the average values.  

The amount of projects that finishes is significantly higher when using reviews 36 versus 104 finished projects 

after 10 years on average. Also the amount of projects in process is higher, and it seems that on average the 

amount of projects without reviews decreases over time. The average delay per year is slightly lower when 

using reviews. The expected risk with reviews is lower than without using reviews but this contrast the final 

risk which is lower for the test without reviews. The value for the portfolio using PPM is 2 to 3 times as high 

as without using reviews and is beneficial in this sense. However the cost also rises dramatically when using 

reviews as there are more reviews and cancelled projects that are already started. This can also be seen in the 

ROI with excepted values of 17.4 without and 22.7 with reviews but then again at 8.8 and 7 for the final 

values, meaning it is lower for the test with reviews. In terms of resource usage however on average the 

model is able to attain extra resources getting an average of 118 percent against 37 without using reviews as 

Figure 5-8 shows. Figure 5-8 shows the base case as a peak, the graph with the greatest spread is 1 review a 

year and the graph that has a small peak is the scenario with 4 reviews a year. 

 

Figure 5-8 ROI portfolio review 
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 Proposition 7 

 Test number 60, 61, 62, 63, 64, 65, 66, 67 

In order to check whether there is an optimum frequency for the portfolio review a set of tests is used which 

only changes the frequency. By using this it is possible to determine an optimum number of reviews for the 

given input set. 

Finished projects seem to increase when more reviews are done with an optimum at 32 reviews a year. This 

does not go for the amount of projects in process which only increases when more reviews are done. The 

opposite is true for the incurred delay which is reduced when more reviews are done with seemingly no 

optimum. Expected risk is reduced when more reviews are done but the final risk in turn decreases as more 

reviews are done. The 

expected value seems to 

increase when the review 

frequency increases but for 

the final projects values 

there is an optimum at 32 

reviews a year. Both sunk 

and lost costs peak at the 

test with 32 reviews a year. 

The most optimal used 

resources is at 64 reviews a 

year as this test was able to 

obtain most extra resources 

on average. 

When looking at Figure 5-9 it is clear the expected ROI is higher 

as the final ROI values for the portfolio. However when a 2nd 

order polynomial is plotted over the ROI data it is clear there is an 

optimum in terms of ROI of this input data set. Note that the 

optimum here is not the same as the optimal point for the 

expected ROI. 
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60 48 1 8,8 17,4 37 8607 36 7

61 61 2 7,0 21,3 55 9183 43 11

62 99 4 7,0 22,7 118 7617 104 15

63 110 8 7,4 25,4 186 5070 164 16

64 127 16 8,2 28,7 220 3380 192 15

65 148 32 9,6 30,3 336 1590 217 22

66 151 64 10,2 28,2 431 1204 148 31

67 139 128 9,1 39,7 316 962 75 32

Figure 5-10 Data summary review 
frequency tests 

Figure 5-9 Plot review frequency ROI value 
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However note that due to the implementations for the market decay used in the market type tests some runs 

can go bankrupt. This causes the model to ‘crash’ and not complete an average amount of projects, which 

offsets the data. Figure 5-10 shows the amount of successful runs out of the 200 runs undertaken in each test. 

In addition Figure 5-11 shows the ROI graph of the different runs, test 60 through 64, which shows a clear 

increase in the likelihood of a higher ROI value when employing more portfolio reviews. 

 

Figure 5-11 ROI portfolio reviews 
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The output of the simulation model is very dependent on the input of the model meaning the fictitious 

company data is the main influence of the models output. Furthermore, while the model is verified and works 

as intended (Kleijnen, 1995b) due to a lack of external information the model could not be sufficiently 

validated (Kleijnen, 1995a). However, where available, input data is used gathered from relevant literature 

resources. 

In order to answer the research question the results of the propositions have to be analyzed and discussed 

first. 

The planning of resources and budgets increases the portfolio ROI value. 

Resource planning is a very common use in the project selection (Liu & Wang, 2011). And the presented 

simulation model also shows an increase in the ROI value of the portfolio when a planning system is 

introduced in the base case scenario. However it does indicate the possibility of longer delay times due to the 

shifting and fixing of resources, which also results in a lower number of projects in the process. This in turn 

shows lower numbers for the expected ROI. The model also behaves so that there are more early stage 

projects funded with resources and a lower amount of late stage projects that still receive funding (Blichfeldt 

& Eskerod, 2008). 

Creating a way for budgets to behave dynamically, e.g. if more resources are available stimulating the process 

by assigning more resources to projects. It should be noted that such a system in the model also produces 

cases in which the company fails and goes bankrupt which potentially biases the data. However such a system 

does prove to be beneficial as the ROI outperforms the base case. This is due to a higher number of active 

resources in the process, which also ensures shorter delay times but in turn also causes more funds to be 

spent.  

When the output data of the model is taken into account and combined with the knowledge gained in the 

found literature, resource and budget planning do indeed seem to increase the portfolio value in terms of 

ROI. 

Gate decisions influence the ROI value of the complete portfolio by losing up or restricting the decision 

values in the development funnel. 

Gates, and more specifically the rules they convey, influence the process greatly as they are used to select the 

projects in the process (Klingebiel & Rammer, 2013). Furthermore they can be used to differentiate or 

impose a different selection criterion (Heising, 2012). This is also reflected in the model as it shows using 
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loose or stricter gates, applying the same basic rules e.g. using the same metrics and KPIs, can be very 

beneficial in different parts of the process. Loose gates seem to perform better in when only looking at the 

expected value which is monitored at the 1st stage. Stricter gates seem to perform better in the later stages 

with a higher finished ROI value. Furthermore looser gates are also more prone to big delays as more 

projects are in the process costing more resources. The looser gates also mean a higher risk. However when 

using looser gates and using a portfolio review structure in one scenario seems to be the most effective as it is 

able to attain the highest ROI value. 

The gate decisions indeed do influence the ROI value greatly, notable however is the use of portfolio reviews. 

When not applying a review system, strict gates outperform looser gates and means projects should be 

selected carefully. On the other hand when portfolio reviews are applied, in case of testing 4 times a year, it 

out performs the stricter gates and the base case alike due to a higher number of possible projects to be 

selected (Mathews, 2010) .  

Adding in thresholds in gate decisions helps increase the portfolio’s ROI value. 

Using thresholds can either stimulate the entry of more projects that are potentially better or prevent the 

more risky projects from entering (Bonami & Lejeune, 2009). However when the minimum value threshold is 

implied on the model it outperforms the base case scenario. These thresholds are even more effective when 

using the portfolio reviews and just a gated system. A side note here is that the minimum value was selected 

after running the base case scenario to be able to estimate a sensible value for the projects, indicating the 

value should be chosen by using legacy data. 

Thresholds therefore seem to work when used in gates when implemented wisely, as they do increase the 

portfolio’s ROI value in that case. 

The grouping of projects before letting them enter the development funnel influences the ROI of a portfolio. 

Projects are often grouped into programs to be selected in one go (Bucher & Jung, 2001), furthermore 

batching of a groups is beneficial in other industries (Schwindt & Trautmann, 2000). The model however 

shows a negative effect when using a form of batching. Resources are using less effectively as they are 

‘waiting’ for projects and of course the delay is increased a heavily.  Finished ROI shows that a short batch 

time is still reasonable and does not do too much damage the the ROI, but longer batch times decrease the 

ROI by a factor of 4. Therefore to accommodate the selection process (Archer & Ghasemzadeh, 1999) it is 

possible to apply a batching system but only for a limited amount of time. Not that this is also highly 

dependent on the model setup and initial values. 
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The grouping of projects indeed influences the ROI, however not as positively as expected. Based on the 

results grouping projects is not recommended but can be advised as management costs for project selection 

are increased. 

Company size and industry type influence the ROI value of the portfolio. 

In the selection of projects there are noticeable differences between market types (Hart et al., 2003), 

furthermore the company size can make a big difference in the output values (Lawson et al., 2006). The 

importance is also demonstrated in the model with heavily fluctuating values between different runs in 

company size and industry size. In turn using portfolio reviews does seem beneficial comparing to the runs 

without reviews. 

Company size and industry type do influence the ROI as expected, these values seem to fluctuate heavily and 

as can be expected very dependent on the input values. 

Reviewing an existing portfolio benefits the ROI value of the portfolio. 

PPM helps the project selection by making the process more transparent (Keisler, 2006) and standardizing it 

(Cooper et al., 2006). One of the methods often used in PPM practices is reviewing the complete set of active 

projects to be able to assess which projects should be funded (Cooper et al., 2004). Tests ran for previous 

scenarios already showed that using a review system can potentially increase the ROI. Using reviews ensures 

more projects are finished and resources are better allocated. However due to the involved extra costs the 

final ROI seems slightly lower when using reviews in the process, combined with a higher risk in the tests 

which seems counter intuitive. However note that with the given input data the optimum number of reviews 

is not the chosen default value of 4 based on literature.  

Therefore using reviews to examine the complete set of projects in a portfolio does benefit the ROI when 

looking at the complete set of tests. However this seems to be pushed when using it in fast market conditions 

and in bigger company setups. In the latter case the relative price of reviewing is lower and therefore more 

beneficial for the overall ROI. 

Increasing the amount of portfolio reviews increases the value of the portfolio’s ROI. 

The review frequency is not often studied and advises from earlier studies go from 4 times each year (R. G. 

Cooper, 2001) to ongoing (Andersen, n.d.). However the way this model is setup ensures a certain peak in 

return looking at different review frequencies due to a fixed cost of resources for each reviewed project. 

Figure 5-2 and 5-3 show the differences when using a different review frequency. It’s clear that the way the 

model is setup there is a negative effect when only using a few reviews and it starts to pay off at 32 reviews a 
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year, but again, this is highly dependent on the input data. Previous tests show a clear advantage when used in 

a fast market environment or with larger budgets at play, the way the model is setup more reviews will 

become more beneficial as underperforming projects are stopped earlier. Furthermore the relative costs of 

the review are of importance, as costs grow the peak will drop and become less beneficial but on the other 

hand if costs drop the amount of reviews needed to raise ROI is lower. 

Increasing the amount is beneficial but only up to a certain point and when looking at Figure 5-2 there is also 

a minimum value as performing reviews initially costs more than not using reviews based on the resource 

cost. 

Which factors in the project portfolio management review and selection process influence the project 

portfolio’s ROI value and what is their impact on the ROI value?  

As shown, all factors explored in this study do influence the ROI value of the portfolio. Figure 6-1 shows 

how the different scenarios differ from the base case model. Note that these are only the scenarios like the 

base case and do not have all dynamics active, this does give a clear idea as to how the different interventions 

behave. Furthermore the graph shows standardized values that are compared to the base case set at (0,0). 

 

Figure 6-1 Scenario comparison from base case 

The Figure shows that both the decision criteria at the gates and the company size are very influential on the 

risk and ROI of a portfolio as used in this model. Also without the dynamic effects performing reviews does 

not impact the ROI value and actually suppresses the ROI value by inducing extra review costs. This can be 



74 

seen in the comparison between with and without reviews of the same test, they are very close but improve 

slightly.  

The stricter gates are very beneficial as the risk is very much reduced for the combination of finished and 

ongoing projects with an increase in ROI. A bigger sized company or relative lower costs compared to the 

potential earnings is also a driver for a higher ROI, note that this can also be done by reducing development 

and management costs not only growing the company. It’s also clear low gate restrictions are very beneficial 

when using reviews in the process. The downside using lower restrictions is that the risk is higher. 

Therefore with the available, and used, input data it seems that the relative cost or company size, restrictions 

at gates and using reviews are very influential in the project selection process. 

 

As mentioned there is little research on the topic of review frequency and advises range from 4 times a year 

(R. G. Cooper, 2001) to a real time solution (Andersen, n.d.). However with the input data for the model the 

optimum number is at 64 reviews a year. Furthermore this number is highly dependent on the input data, but 

seeing that the costs influence the ROI outcome and doing reviews will always cost a certain amount of 

resources there should be an optimum for every situation. This combined with the fact that the price of such 

a review could be minimized makes this an interesting subject to optimize for a company. This would be in 

line with earlier benchmark studies (Brown, 2008) and would suggest IT systems that aid project selection and 

management such as  Flightmap potentially increase ROI by lowering review costs. 

The grouping of projects is something that is probably used often in companies, for example reviewing a set 

of projects each week or each month. However this delay should be monitored carefully as displayed in the 

model as longer delay times result in loss of ROI. 

Also probably common use is using thresholds (Bonami & Lejeune, 2009) which as shown in the model can 

increase the ROI of the portfolio if these thresholds are adequate and tested offline to check there influence. 

Therefore these thresholds should be implemented with care. 

With regards to the model, the discrete event model seems highly applicable to company specific situations as 

input data can be optimized as well as adapted to a company specific setup of the model. The model aids in 

obtaining a better operational overview and understanding the influence of a certain strategy. 
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The before mentioned review frequency is not fully researched (Andersen, n.d.; R. G. Cooper, 2001) however 

this research gives a little more insight in this area. As Figure 5-2 shows there is an optimum in the amount of 

reviews and the potential ROI, as there will logically always be resource based price for every review ensuring 

an optimum with regards to cost and return.  

Relating back to the theoretical model found using existing literature it is possible to check whether or not the 

data found is in compliance with the model. Figure 6-2 shows the theoretical model complete with confirmed 

and unconfirmed hypothesis. 

Thresholds

Project portfolio ROI value

Company size Market type

Portfolio review frequency

Resource 
planning

Gate 
restrictions
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Project 
grouping

+

+

 

Figure 6-2 Theoretical model with hypotheses 

Interestingly Figure 6-2 shows three hypotheses that are not confirmed in this study. Foremost the thresholds 

do not have a negative effect on the ROI value of the portfolio but actually increases the value. However as 

noted before, it is important that these thresholds are selected with care to gain the most using thresholds. 

Another interesting find is that using stricter gate restrictions actually befits the ROI value of the portfolio 

when there is no review structure in place. 

In addition as already been mentioned the model type, discrete event simulation, used for a strategic business 

problem is not very common however used in some studies (Solo et al., 2004). This differs from classical 

model studies that, in general, optimizes a fixed set of projects following certain rules (Schmidt & Freeland, 

1992) which contrasts the dynamic behavior of a discrete event model. This study is therefore another 

example of a wider use for discrete event models bridging the gap between strategic and operational models 

(Borshchev & Filippov, 2004). 
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As already mentioned the data to develop and validate the model was minimal. Therefore to further develop 

the model, verified data needs to be gathered to be able to better check and validate the model. For example 

using a model setup like the one under study and adjust it to a single company ensures a better model fit to 

the available data, this in turn ensures more reliable output data and also enabling the comparison of output 

data against data found in the company. 

The model is only a very basic representation of all dynamics in a company. Therefor in order to develop a 

more complete model a wider variety of details should be included in the model, as applicable to the sourced 

data set. For example mentioned in the literature review are dependencies between projects (Ghasemzadeh & 

Archer, 2000) which are also partly taken into account using the radical and incremental system in the model. 

These dependencies should be modeled more accurately as a lot of recent research hits in that direction 

(Killen & Kjaer, 2012).  

Furthermore the current model only incorporates a very basic market influence however using projects from 

outside the company is also a very viable option to include more and better projects and therefore a form of 

open innovation (Chesbrough, 2003) in the model would bring a more dynamic environment in which 

projects are selected. 
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PPM is a good tool to implement a strategy and has been confirmed in different benchmark studies (Barczak 

et al., 2009; Cooper et al., 2004) and is commonly used in new product development settings in the high tech 

industry. However these studies do not specify on some operational factors that could be influenced by 

managers. While planning within PPM is a topic that has been focused on in previous research (Liu & Wang, 

2011) other factors such as the influence of gate decisions, thresholds and grouping are not that common in 

the literature. Furthermore there are no benchmark studies that examine the potential influence of the 

company’s size and the market it is active in in relation to using a PPM system. In addition there is not much 

known as to how many portfolio reviews are sufficient for a specific company with estimates ranging from an 

educated guess of 4 reviews a year (R. G. Cooper, 2001) to a real-time system where projects can be stopped 

and started at every given time (Andersen, n.d.). 

In order to find answers to the propositions a model is used as this makes it possible to examine different 

measures without altering other influencing variables (Harrison et al., 2007). This model uses the discrete 

event modeling paradigm as this suits an operational way of modeling the problem the best as the abstraction 

level is at the tactical level not the strategic level as system dynamics models tend to be (Borshchev & 

Filippov, 2004). 

The results show that resource planning and a budget that works dynamically, does increase the ROI of a 

portfolio. Resource planning also ensures more early stage projects get funding and more high potential later 

stage projects get funding. Looser gates seem to perform higher when a review system is in place but if this is 

not the case stricter gates increases the ROI compared to a loss when using loose gates. Implementing 

thresholds is also a suitable strategy when implemented wisely as overestimating projects can lead to too high 

thresholds which would result in stopping potential projects. The grouping of projects cannot be 

recommended as this lowers the potential ROI, only short term grouping does not influence the ROI too 

much as projects can be selected from a bigger pool. Both company size and market size greatly influence the 

portfolio’s ROI as expected but since this was not a focus of the research there is not enough data to support 

a specific effect. Using a review system does have a beneficial role in the ROI value of a portfolio. There is 

however an optimum when using the input data used in this model. This optimum is caused by a fixed cost 

for reviewing a project, reducing this cost can increase the potential ROI value and optimum which can lead 

to a more beneficial ROI value. This indicates that using a PPM approach can benefit the ROI value of a 

portfolio further by potentially lowering the review costs. 
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The following document describes the idea of the model with the general concepts used and logic behind it. 

It also elaborates on how the model is setup in Arena to let it function properly. And to complete the 

document a summary on how to run and use the model is added. The appendixes consist of data used in the 
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The model is based on the stage gate process defined by Cooper. This seems to be the bare minimum before 

it is deemed reasonable to conduct portfolio management as mentioned by Cooper.  This stage gate process is 

in turn altered by a portfolio process which can alter the projects in the process.  

A very direct way of modelling a stage gate process is used after choosing discrete event simulation for the 

model. This has the added benefit that the random generated data which is used now can be replaced by ‘live’ 

data, gathered at a company. 

 

The actual model is built around the Arena simulation model, Figure 1. It gathers variables from a table 

(ModelVariables.xlsx), which enables the model to switch tests very easy and tests can be added with relative 

ease. The actual logic will be elaborated upon in the next chapter. Then the model writes the as defined set of 

variables to the output sheet (Output.xlsx). These results are in turn copied too their respective test sheets 

(OutputXX.xlsx). This allows for a quick comparison between the different runs made. To aid in that the data 

is combined in a model data sheet (ModelOutput.xlsx). 

ModelVariables.xlsx
Model vX.X 

Complete.doe
Output.xlsx

Copy Run Data

Output00.xlsx

Output01.xlsx

OutputXX.xlsx

ModelOutput.xlsx

 

Figure II-1 Functional model structure 

An overview of the different variables included in the model is shown in Appendix I. This is a summary of 

the different variables that are changed between different test runs and therefore make up the differences 

between runs. 
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The logic of the Arena simulation model revolves around the stage gate process. As mentioned this is seen as 

a minimum requirement to do project portfolio management. In order to simplify the model only 2 stages are 

modelled them being a business development stage and a functional development stage. After the later the 

projects are set into the market and will produce the estimated value discounted with uncertainties. This value 

is produced over a random number of years. 

Instead of using a set of set projects the attribute values of the projects are based on a random generation 

using triangular distribution function that are based on numbers imported in the model. 

Since Arena itself is not able to implement a multi attribute optimization algorithm to score the different 

projects a different approach is chosen. In line with other practical studies (Decision Lens), only one value is 

selected upon. This makes the problem linear and easily solvable within Arena. However since PPM is based 

on multi attribute optimization these factors are calculated into 1 attribute, the overall value of a project. 

Projects receive an estimated value which in turn is discounted with waiting time, resource costs, rework 

costs, production feasibility and market feasibility. As PPM is used to maximize the value of the portfolio, 

balance the portfolio and select the right projects the model assumes that a lower risk for production means 

adherence to the company. 

 

The before mentioned variables are used in the Arena model and are read into the model from the Excel 

table.  

The model can be split up in 3 different parts, the counters to make the model run and read/write to the 

Excel tables (1.). The second is the stage gate process (2.), which depicts the base case. And a review process 

(3.) that rechecks all the different projects in the process.  
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Figure II-2 Arena model overview 

These three different parts all consist of multiple features explained in the chapters below. An overview of 

the Arena model is depicted in Figure 2. 

 

There are 5 different entity streams used to generate variable data and read/write data to the attached Excel 

sheets. 

The first module (Figure 3), the ‘read module’ gets the initial data from the Excel. The module first reads the 

Excel table and fills the different model variables with data. Then the data is used to write single data in the 

output file, which is for example the test number. After that the data is used to fill other variables with data 

that is derived from the input data. Note that this all takes place before the actual simulation is started. 

 

Figure II-3 Read module 

The batch counter (Figure 4) is used to trigger the batch process. There are 2 batches from which the entities 

are only released when the signal is ‘high’ which occurs when an entity moves through the signal block. 
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Figure II-4 Batch trigger 

In order to write data to an Excel sheet a separate module is needed (Figure 5). This is done so that some of 

the variables can be recalculated, thus be up to date, if the variable is written to the output table. The assign 

blocks are used to format the input data such as the used resource data and again to reset the counters. 

 

Figure II-5 Write module 

A counter (Figure 6) that keeps track of days is needed for several reasons, one of which is that a ‘day 

counter’ simply isn’t built into the Arena tool. It is used to keep track of the data used for the curve to 

discount the waiting time between radical new projects. The signal block is used to trigger the gates for the 

stage/rework delays. It also registers the resources used each day which in turn is used as mentioned above. 

 

Figure II-6 Day counter/ radical test/ trigger for stage delay 

The planning curve functions as a discount percentage over time. If the test is working, each day an 

incremental project gets discounted via a percentage that is calculated based on the following logistic 

distribution formula: 

1 − 𝐴 + 𝐵 ∗ tanh
𝐶 − 𝐷

2𝐸
 

The values for A and B are set at 0.4 so that a 

minimum of 20% of the original value of a 

project is reached at 2 times the half time. C and 

D together are the amount of days into the 

simulation plus the possible discount of 

completing a radical project. And E is a factor 

Figure II-7 Radical curve 
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that corresponds with the halftime to create a smooth curve that begins in 1 at time 0. This together gives a 

graph similar to Figure 7 which displays three possible outcomes when different ‘halftime’ values are used. 

This is used to check for different market speeds and their influence. 

A second year counter (Figure 8) is used to calculate the budget and planning per year. Recalculating both the 

planning and budget yearly is a choice to dial back the number of calculations needed per simulation run.  

The budget counters are used to calculate the extra budget a company has each year to put back into project 

generation. This budget can be set and is set at a standard 10%. However if the profit made that year is lower 

the budget is cut causing a negative working and could bankrupt the company. This not only impacts the 

budget but also the amount of resources available for the process. 

Similar to this the planning system is recalculated on the available budget as both fluctuate. So in case the 

budget is lowered the available amount of time to be planned is also lowered. 

 

Figure II-8 Year counter/ budget calculator/ planning 

Both the budget and the planning algorithm work in the same way and an example can be found in the 

variables Excel file under the planning and budget tab. They check on which day a project starts and calculate 

in which year it consumes time. Because a different number of developers are used for the stage 1 and stage 2 

part this is done twice effectively and a third time to calculate the division of the budget after a project 

finishes. 

 

Figure 9 shows the outline of the stage gate process. This in turn can be divided into three parts, project 

generation (2.1), stage 1 (2.2) and stage 2 (2.3). Because this model is meant as a basic setup, only 2 stages are 

used instead of the more common 5 stage approach. This however functions the same but with less moments 

to alter the process, greatly reducing the complexity of the model. 
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Figure II-9 Stage Gate process 

 

Figure 10 gives a more detailed view of the project generation. The projects are generated at random time 

intervals with a maximum amount of entries that are defined in the model variables table.  

After the project entities are generated the model heck 

whether or not the initial variables are correctly loaded, if 

not the entities are removed from the system. Then the 

project get attached a series of values as can be seen in 

Appendix III. Furthermore if the test to differentiate 

between radical and incremental projects is on radical 

project get different values attached also see Appendix 

III. 

The project entities flow out of the model when they are 

either rejected from je project pipeline or finished, where in both case they are counted when they exit the 

model. 

 

Flowing from the project generation is stage 1 (Figure 11), where the project entities enter the process from 

the real stage onwards. The decision blocks, not colored, are in place to check for the different tests, in this 

case between the standard layout and the batching layout. Projects before stage 1 are not added in most 

counters, they do have costs attached to them for waiting and rework. For rework they also have resources 

attached. 

Figure II-10 Project generation 



98 

 

Figure II-11 Stage 1 

When using ‘batching’, a batch queue is used instead of a simple time delay of 10 days when a ‘good’ project 

cannot be tied to enough resources (2.2.1). Also initial projects must wait in this situation until the batch wait 

is triggered. 

After waiting or rework project values are recalculated and move through the decision block to admit them to 

stage 1 (2.2.2). 

When admitted, the first thing checked is whether or not there are enough resources to carry out the work to 

be done on the project (2.2.3). If not, entities will move back to delay/batch. If resources can be tied they get 

assigned attributes needed for further processing also see Appendix IV. If the planning process is active it will 

also be checked if enough time is left in all years the project is active, also see appendix IV. 

After this project entities enter stage 1 where they are (like the delays and rework queue) loop through a 

process that is triggered daily to check if they need to come out of the queue (2.2.4). Projects get assigned a 

stage end time on which the decision block is based. After the project finishes stage 1 the assigned variables 

are recalculated based on numbers given in the original variable sheet, also see appendix IV. 

When projects are rejected from moving on to stage 1 they can get rework (2.2.5).  However that only is the 

case when they haven’t received rework already and if they adhere to some of the decision rules from the 

initial setup. When they are checked they are either moved to a rework queue or removed from the system.  

After rework projects are recalculated based on attributes from the initial value table, also see Appendix IV. 
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Projects that do not adhere to some of the minimum requirements are removed from the system and are 

counted to keep track of the number of entities (2.2.6). 

 

When projects finish stage 1 they enter either the batch or move straight through (2.3.1). This phase work the 

same as stage 2. The gate decision differs a little from gate 1 but works the same (2.3.2). Since projects are 

already planned, the only thing that is checked before entering stage 2 is the amount of available resources 

(2.3.3). 

 

Figure II-12 Stage 2 

Furthermore stage 2 itself (2.3.4) functions the same as stage 1 and so does the rework (2.3.5) before stage 2. 

Note that when projects are removed in this stage of the process they are treated differently because projects 

are ‘in’ the process meaning they are added in the various counters. Therefore unfinished projects that are 

removed in this phase also need to be removed from the counters (2.3.6). On the other hand finished projects 

must also be counted into different counters in order to calculate their final value and contribution to the 

budget. Both can be found in Appendix V. 

 

The stage gate process describes the models base case, but as mentioned the model is built to asses project 

portfolio management. This means a need to assess progress of project even when they are in the middle of 

their development. In order to do this a separate layer is related to be able to do this, which is depicted in 

Figure 13. 
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Figure II-13 PPM review 

A separate entity is used and resembles a review moment in which all active projects are assessed (3.1). They 

are generated based on the review variable defined in the initial variable set.  The first thing checked is if this 

part of the process should be active. After that all the queues are picked empty using a pickup block, they are 

then dumped into their respective queues (3.2). The review entity is also delayed a little to ensure that the next 

delay is triggered after the review is removed from the system. All the different projects from different queues 

are placed in their own queue because they need different attributes to be altered before selecting them, see 

Appendix VI. 

When the new value is calculated the planning is checked is need be before being placed in the queue. This 

queue gathers all projects and ranks them based on their value, ensuring the project with the highest value is 

placed back into the process first (3.3).  

Projects that get through the selection are separated into stage 1 and stage 2 depending on the queue they 

were taken out of (3.4). This is much like the process in the stages, it gets checked if there are resources 

available, and depending on the test the projects are added to the planning. If this is successful they again get 

assigned values as seen in Appendix VI. Note that projects gathered from stages 1 and 2 do not start their 

process over but start where they left off.  

On the other hand projects that fail the selection get placed back in to their queue. This means either one of 

the batching queues of the delay queues. Before projects are sent back into those queues the correct attributes 

should be added to the projects, for example if projects move back to the batch queue for stage 2 they are 

back into the process and need to be accounted for. 
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Make sure the following files are opened: 

 ModelVariables.xlsx 

 Model v2.6 Complete.doe 

 Output.xlsx 

In ModelVariables.xlsx first check the ’TestAssign’ tab which 

holds all the data for the different test. Then check the number 

of the test to be ran or create a new test. Make sure that the 

new test has a new number or that the original should be overwritten. 

If the new test is setup correctly make sure this number is also filed in in the 

yellow cell in the ‘Recordset2’ tab in the same Excel file. This sheet is read 

into the arena model and the test number makes sure the correct numbers are 

gathered via a lookup function. 

When the setup is checked and found to be in order move to the Arena 

window with the simulation model. The functioning of the model is explained 

in the previous chapter but can look chaotic. However an in depth 

understanding is only needed when trying to adjust the working of the 

model. To run only the ‘play button’ is needed. Make sure that the stop 

button is grayed out when running the model. 

When running check whether batch run is on as this saves a lot of simulation time. When in batch mode the 

bottom of the screen holds a ribbon that displays how far the simulation is in the process. When the 

simulation is done Arena asks to show the details but this is not necessary for this model, we are interested in 

the output table. 

The output table (Output.xlsx) gives an overview of all simulations that have been done, 400 in total but only 

200 with actual number due to a malfunctioning when reading the variables. Each set of 10 is 1 simulation 

run displaying 10 simulation years. 

When this data is copied into one of the simulation data sets its graphs are automatically updated and the data 

is easier to use. 

Figure II-15 ModelVariables.xlsx 

Figure II-14 Recordset2 

Figure II-16 Arena simulation 
run 



102 

The table below summarizes the different variables that are imported in the Arena model at each simulation 

run. The table describes what the different variables depict. Note that for all variables that say triangular 

distribution in the description there are actually 3 variables imported into the model. 

 

Table 1 Variables 

Some variables used have a practical ground, meaning they have to be in the model for it to function 

properly. These are for example the variables that are used to whether or not a test should be running. 

On the other hand some of the variables used in the base case scenario, and therefor also in the other 

scenarios, are based on scientific articles and internet research. The following tables will clarify this base case 

values and as other scenarios are derived from that these are also defined. 
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The number of projects at any moment in development is not a given in the model but is estimated. A paper 

by HP mentions that their portfolio at most times includes 20 projects. Furthermore an article by Saunders 

describes how what the accept/reject rate is at the different gates throughout the stages (Table 2). As this 

model only includes gate 1 and gate 3 those numbers are taken. 

 

Table 2 Gate acceptance/rejection rate 

This means gate 1 rejects roughly 75% of the projects that are entered into the system. The next gate, gate 3 

eliminates another 50% of the projects still in the system. 

 

Table 3 Number of projects 

As shown above, the average case has 20 projects in the process at a given time. This means that before the 

second gate there should be 40 projects present. Consequently 160 projects should be present before the first 

gate. This concludes in a total of 1600 projects to be initiated over the course of 10 years. Also as the 

company size also influences the amount of ideas rushing into the process this number is either higher or 

lower. 

Furthermore this also affects the gate decision variables as they are responsible for eliminating projects from 

the system. 

 

Table 4 Gate decisions 

This boils down to a gate decision of a market and technology feasibility of 0.5, indicating their respective risk 

factors with 1 being completely certain the project will succeed technologically. This eliminates 75% of the 

Gate failure saunders 2005

1 2 3 4 5

accepted 11 13 32 80 35

rejected 34 36 29 9 35

45 49 61 89 70

2 2 2 1 1

Failrate 76 73 48 10 50

HP parallel projects20 projects in development

# in development# after gate 3 # after gate 1 # generated

Medium 20 40 160 1600

Small 3 5 20 200

Big 57 112,5 450 4500
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projects. Note however that the standard setup also check for a non-zero valuation of a project. And like wise 

for the second gate decisions, this also has the addition of budget overrun as this is mentioned in the articles 

by Hart 2003 and Tzokas 2005. These articles also form the basis on which the other variables are built. Since 

the projected amount of time and resources are not the same as the amount of resources and time needed 

this is calculated after the stage and summed up in this budget overrun.  

The values used for the variables that define the size and value for projects were harder to estimate in this 

same way. Therefore a small internet survey was conducted to find guidelines on the numbers to be used. 

Bigger companies do present these kinds of numbers in their yearly reports. This data was used to estimate 

the amount of available developers for new projects, and an estimate of the monetary budget compared to 

the actual payoff so how much is reinvested into development. The amount of reinvested budget is set at 

10% and in the base case this should be resembled in the ‘ExpectedROI’ which is the ROI of projects in 

progress and should be roughly 10. The ‘RealROI’ in turn should not fall far below an average ROI of 6 in 

the base case. 

The tables below shows the numbers used for the normal projects that are in the process. This is given for 3 

different company sizes and differs in this way between the different tests. 

 

Table 5 Initial project data 1 

As can be seen the ‘EstValue’ is a triangular distribution in the model. Tis together with the time needed to 

complete the stage and resources needed to do that, also see table below, are set at levels so that the ROI as 

mentioned above roughly meet these numbers in all cases. To do so a very rough calculation is made with 

averages from the different distributions. 

 

Table 6 Initial project data 2 

The radical projects have different values compared to the incremental or normal ones. This means they are 

more valuable but need more time and resources to finish. Furthermore their likelihood of success is lower 

Normal/incremental New projects EstValue

Developers ResourceCost/day 1 year Min Most likely Max

Medium 100 100 1600 0 2500000 7500000

Small 10 100 200 0 250000 750000

Big 1000 100 4500 0 25000000 75000000

Resources 1 Resources 2 Time 1 Time 2 DevCostDevelopment costs in stage 2 per day on top of resource price

Min Most Max Min Most Max Min Most Max Min Most Max Min Most Max

1 3 10 5 15 60 1 10 40 20 80 120 0 100 500

1 2 3 2 8 10 1 10 20 15 80 100 0 50 200

1 5 20 10 30 200 1 15 80 40 100 240 0 400 5000
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making it less likely that these projects make it through the system, of course unless the value of incremental 

projects drops due to the mentioned radical curve. 

 

Figure II-17 Test variable table part 1 
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Figure II-18 Test variable table part 2 
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Figure II-19 Test variable table part 3 
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Figure II-20 Test variable table part 4 
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Figure II-21 ProjectSpec1.1 

 

Figure II-22 ProjectSpec1.2 
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Figure II-23 Planning 

 

Figure II-24 ProjectSpec1.3 
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Figure II-25 ProjectGo1 

 

Figure II-26 TotalsCounter1 

 

Figure II-27 TotalsCounter1.2 
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Figure II-28 ProjectSpecRealign1.1 

 

Figure II-29 ProjectSpecRealign1.2 

 

Figure II-30 ProjectSpecRealign1.3 

 

Figure II-31 ProjectSpecReset1.1 
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Figure II-32 ProjectSpecReset1.2 

 

Figure II-33 ProjectSpecReset1.3 

 

Figure II-34 TotalsCounter2.2 

 

Figure II-35 TotalsCounter2.3 
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Figure II-36 PlanningKilled 

 

Figure II-37 CounterLaunch1 

 

Figure II-38 Counterlaunch2 
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Figure II-39 CounterLaunch3 

 

Figure II-40 CounterLaunch4 

 

Figure II-41 CounterLaunch5 

 

Figure II-42 BudgetCounter1 



116 

 

Figure II-43 BudgetCounter2 

 

Figure II-44 BudgetCounter3 

 

Figure II-45 OriginRW1 
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Figure II-46 OriginRW2 

 

Figure II-47 OriginS1 

 

Figure II-48 OriginS2 

 

Figure II-49 OriginB1 
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Figure II-50 OriginB2 

 

Figure II-51 OriginD1 

 

Figure II-52 OriginD2 

 

Figure II-53 TotalsCounterPPM1.1 
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Figure II-54 TotalsCounterPPM1.2 

 

Figure II-55 TotalsCounterPPM2.1 

 

Figure II-56 TotalsCounterPPM2.2 
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The software used for modeling must be accessible either as freeware or as software available at the TU/e 

due to the high cost of software. Software available via the TU/e means that software is used more often thus 

relating to potentially good software and a readily available knowledge base. 

A great number of tools are available for all different kinds of modelling paradigms234. It should be noted that 

agent based modelling systems are usually only available under the GNU license for free use. This is mainly 

because these tools are most often only used in academic settings. This contradicts the tools available for 

discrete event modelling where most of the tools have to be paid for and are used more often in companies. 

The consequence is that the free tools available are not nearly as powerful as the available paid software. 

A number of factors where used to select the right software and can be found in Figure 1. It gives a more 

comprehensive overview of pro’s and con’s regarding the simulation software. At first glance software was 

reviewed for all available paradigms as the software was also a factor in choosing the paradigm.  

 

Figure Appendix-III-1 Tool comparison 

The modeling software that adheres best to the needs of the potential model is Arena. It also has great 

support on the TU/e and is available within the faculty. Furthermore a great deal of tutorials is available 

reducing the learning curve for the software and increasing the speed of producing a working prototype of 

the model. 

  

                                                      

2 http://en.wikipedia.org/wiki/List_of_discrete_event_simulation_software last accessed: 19-11-2014 

3 http://en.wikipedia.org/wiki/Comparison_of_agent-based_modeling_software last accessed: 19-11-2014 

4 http://en.wikipedia.org/wiki/List_of_system_dynamics_software  last accessed: 19-11-2014 

Name

Discrete 

event

System 

dynamics

Agent 

based Freeware License

Learning 

curve

Ease 

of use

Pre-existing 

knowledge

Data 

collection Licensing

Extensibility 

and support Expandability

Model 

visualization

Data 

visualization

Arena v x x x v v v x v v x v v v

Vensim x v x v - v v v v v v x v v

CPN tools v x x v - v v v x v v x v x

Matlab, Simulink/Simevents v v v x v/x x x x v x v v x v

Excel v x x x v v v v v v v v x v

Netlogo x v/x v v - x x x v v x v x x

Repast x v/x v v - x x x v v x v x x

Anylogic v v v x x v/x x x v x x v v v

Protos v x x x v v x x v v x x v v

Enterprise dynamics v x x x v v x x v v x x v v

http://en.wikipedia.org/wiki/List_of_discrete_event_simulation_software
http://en.wikipedia.org/wiki/Comparison_of_agent-based_modeling_software
http://en.wikipedia.org/wiki/List_of_system_dynamics_software
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Outside the scope of the research questions but needed for the initial problem is the definition of Return of 

Investment ROI. While this is a given it should be checked if this is the best indication of the overall 

portfolio value.  

A measurement often used to depict the profitability of investments is called ROI and is calculated as 

follows5: 

𝑅𝑂𝐼 =
𝑛𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒

𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 

Where the net income is: 

𝑔𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 –  𝑐𝑜𝑠𝑡 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

The formula can also be calculated in a percentage, making it easier to compare ROI values with one another. 

The ROI however can also be used NPD settings this can be translated into (R. G. Cooper, 2008): 

𝑁𝑃𝐷 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑆𝑎𝑙𝑒𝑠 𝑜𝑟 𝑝𝑟𝑜𝑓𝑖𝑡𝑠 𝑓𝑟𝑜𝑚 𝑁𝑃𝐷 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠

𝑅&𝐷 𝑆𝑝𝑒𝑛𝑑𝑖𝑛𝑔
 

While ROI is used in many year reports of bigger companies it actually does not tell a whole lot regarding the 

investment and its worth in time, it is merely a snapshot of its worth. That is why companies prefer the NPV 

value more because it tells more about the worth of the investment over time (Dorf & Byers, 2008). 

Moreover in a similar manner the results or the effectiveness of NPD in the financial aspect can be calculated. 

Furthermore could be done for either a project, programme or a portfolio of projects (R. G. Cooper, 2008). 

The Net Present Value (NPV) is often used in accounting settings. It depicts the value of for example an 

asset over a longer time frame in one financial measure. The NPV divides the time frame in several periods, 

each period with its own cash in and outflows. For each period the value is calculated and corrected with a 

                                                      

5 Calculation from http://en.wikipedia.org/wiki/Return_on_investment last accessed: 19-11-2014 

http://en.wikipedia.org/wiki/Return_on_investment
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discount rate. The different periods are then summed up to get the total NPV over a given time frame and 

can be formulated as follows6:  

𝑁𝑃𝑉 (𝑖, 𝑁) = ∑
𝑅𝑡

(1 + 𝑖)𝑡

𝑁

𝑡=0

 

Furthermore it is also possible to extend the notion of the NPV value by adding the probability. This is 

normally done via the expected NPV (eNPV)7: 

𝑒𝑁𝑃𝑉 = 𝐵𝑒𝑠𝑡 𝑁𝑃𝑉 ∗  𝑃𝑏𝑒𝑠𝑡 + 𝐵𝑎𝑠𝑒 𝑁𝑃𝑉 ∗  𝑃𝑏𝑎𝑠𝑒 + 𝑊𝑜𝑟𝑠𝑡 𝑁𝑃𝑉 ∗  𝑃𝑤𝑜𝑟𝑠𝑡 

Where: 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑏𝑒𝑠𝑡 + 𝑃𝑏𝑎𝑠𝑒 +  𝑃𝑤𝑜𝑟𝑠𝑡 = 1 

This means the NPV is calculated for a number of scenarios of which the probability of occurring is 

estimated. This shows a more realistic value as it includes uncertainty. Also note that eNPV is comparable to 

the risk-adjusted NPV (rNPV)8  

However the NPV is not ideal in the case of a model. The discount rate (i) is chosen based on historical data 

and might not be accurate. This bundle of assumptions also makes it hard to assess the uncertainties 

incorporated in the value. Furthermore this discount rate does not assume a possibility for a change of 

direction (Decision Lens, 2012). Because a model should calculate the uncertainties involved it is more useful 

to plot this data next to the ROI value. This allows for a better comparison of dissimilar projects. To assess 

the usefulness of PPM tools for example the ROI is also used to depict the value. 

  

                                                      

6 Calculation from http://en.wikipedia.org/wiki/Net_present_value last accessed: 19-11-2014 

7 Calculation from http://termsexplained.com/993748/expected-npv last accessed: 19-11-2014 

8 Calculation from http://en.wikipedia.org/wiki/RNPVlast accessed: 19-11-2014 

http://en.wikipedia.org/wiki/Net_present_value
http://termsexplained.com/993748/expected-npv
http://en.wikipedia.org/wiki/RNPV
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In order to get an idea of how many iterations of the same scenario are needed to get a good average it is 
needed to look at whether or not the data is normally distributed. This data is the output data of the base case 
and is selected to verify the working of the model. The normal distribution is checked by the Shapiro-Wilk 
statistic (0.807 significance) as well as histogram plots and a Q-Q plot. Looking at the figures n=50 is already 
significant in terms of the normal distribution but the n=200 run has a much better fit, and in addition the 
n=500 run does not add anything to the n=200 run and only costs extra time to run that simulation. 
Therefore n=200 is selected for further research.  

 

 

Figure V-1 Freq. plot n=50 

 

Figure V-2 Freq. plot n=200 
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Figure V-3 Freq. plot n=500 

 

Figure V-4 Q-Q plot for n=200 
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As mentioned in the method section of this report there are two other frequently used modeling techniques. 

This appendix further elaborates on them to help understanding their merits and disadvantages compared to 

a DE model. 

System dynamics models 

System dynamics models are functional at a high abstraction level and are therefore very suitable for policy 

makers for example. The models are usually very abstract and cover a big system and in turn are not very 

detailed (Borshchev & Filippov, 2004). Processes that lead to the change of the system can be modeled. 

Furthermore it gives a clear overview of the influencing variables in the model (Harrison et al., 2007). It is 

based on feedback loops that balance the system (Sterman, 2000). 

 

Figure VI-1 System dynamics model 

Figure 1 shows how a system dynamics model functions within Vensim (Borshchev & Filippov, 2004). The 

‘main’ logic is modeled in stocks and flows. All surrounding moderators are modeled as auxiliary variables 

and affect the flow rate (Sterman, 2000). 

Agent based models 

Agent based models can be studied at multiple level of abstraction. It studies the interactions between the 

different agents in the system (Alam, n.d.). However these agents are ‘aware’ of their surroundings with 

projects in this case are not. It is arguable that these projects are seen as aware because of the people working 

within these projects, however projects do not interact as such (Borshchev & Filippov, 2004). These models 

look at behavior of individual agents who influence each other and the technique is therefore more suited for 

use in for example the actions and reactions in the ideation phase. Agents simulate a social system in which a 
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certain behavior will emerge over time which is a key aspect in agent based modelling. Agent based modelling 

has only recently come out of the academic setting and therefore is not yet widely accepted in the modelling 

community. A consequence of this is the fact that it only has a little amount of software that supports it 

(Harrison et al., 2007). 

 

Figure VI-2 Agent based model 

Figure 2 represents the way an agent based model works within the Anylogic tool. The main assumption here 

is that agents are decentralized and all have their own ‘statechart’ that shows their rules for interaction. It 

should be noted that agent based models are only very predictable if there are a very big amount of agents in 

the system, whereas this model only contains a maximum of roughly 100 projects (Borshchev & Filippov, 

2004). 

 


