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PREFACE 
 
 “Research is to see what everybody else has seen and to think what nobody else has thought.” 

-- Albert Szent-Gyorgyi -- 
 
 
Software is a major worldwide industry. Software pervades a multitude of products and is an 
important corporate asset, with demand still increasing. Without software, most organizations 
could not survive in the current marketplace, and both the impact of software on everybody’s 
life and our dependence on software is rapidly increasing. Everyone uses software nowadays. 
We find software embedded, for example, in watches, coffee machines, cars, televisions, 
aeroplanes, phones, reservation systems, and medical equipment. It cannot, however, be denied 
that software engineering is still a discipline with much potential for improvement. Software 
projects are characterized by schedule and budget overruns, and the delivery of unreliable, and 
difficult to maintain, software products.  
 
A relatively unexplored area in the field of software management is the implementation or 
release decision, deciding whether or not a software product can be transferred from its 
development phase to operational use. Many software manufacturers have difficulty in 
determining the ‘right’ moment to release their software products. It is a trade-off between an 
early release, to capture the benefits of an earlier market introduction, and the deferral of 
product release, to enhance functionality, or improve quality. 
 
A release decision is a trade-off where, in theory, the objective is to maximize the economic 
value. Inputs into the release decision are expected cash inflows and outflows if the product is 
released. When should a product be released? What is the market window? What are the 
expectations of customers and end-users?  
 
A release decision deals with the difficulty of verifying the correct implementation of 
functional and non-functional requirements. How much testing is needed? Software 
manufacturers are challenged to find the optimal level of information, as information has its 
price in cost and time.  
 
The decision-making process to release a product will normally involve different stakeholders, 
who will not necessarily have the same preferences for the decision outcome. This means 
elements of individual and group behaviour are likely to surface when discussing a release 
decision to find a satisfactory consensus.  
 
A decision is only considered successful if there is congruence between the expected outcome 
and the actual outcome, which sets requirements for decision implementation.  
 
In this research project these different perspectives are reviewed, explored in-depth, both from 
a theoretical and from an empirical point of view, by studying practical examples. The results 
are used in a proposed methodology to improve strategic software release decisions, 
characterized by the existence of large prospective financial loss outcomes, including the 
presence of high costs for reversing a decision. Based on validation results in a practical setting, 
it is concluded that this methodology has a descriptive and a judgmental character, and can 
therefore support understanding, analysing, assessing and improving the capability of software 
manufacturers in this problematic area. 
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1 INTRODUCTION 
 

“Complexity is the business we are in and complexity is what limits us.”  
-- Frederick P. Brooks -- 

1.1 Software Releasing: A Problematic Area 
 
Software is a major worldwide industry and demand is increasing exponentially (Hoch et al. 
1999; Boehm and Sullivan 2000; Littlewood and Strigini 2000; Fuggetta 2000; Humphrey 
2002). Software pervades a multitude of products, in social, business and military human-
machine systems. It includes information [technology] systems, developed for gathering, 
processing, storing, retrieval and manipulation of information, to meet organizational needs, 
and commercially-developed software products, sold to one, or more, customers or end-users. 
Software offering functionality to an end-user is also called application software, and might be 
a product on its own, or might be embedded in a larger system or machine. Figuratively 
speaking, application software sits on top of system software, which are low-level programs, 
such as operating systems and utilities for managing computer resources, that interact with the 
computer at a basic level (IEEE 1990; Humphrey 2001).  
 
The increasing demand for application software brings with it an increase in our dependence on 
software (Littlewood and Strigini 2000): 

 Software-based systems replace older technologies in safety or mission-critical 
applications. 

 Software moves from an auxiliary to a primary role in providing critical services. 
 Software becomes the only way of performing some function; not perceived as critical 

but whose failure would deeply affect individuals or groups. 
 Software-provided services increasingly become an accepted part of everyday life, 

without any special scrutiny. 
 Software-based systems increasingly integrate and interact, often without effective 

human control. 
 
Despite the exponential increase in the demand for software and the increase in our dependence 
on software, many software manufacturers behave in an unpredictable manner (Boehm and 
Sullivan 2000; Standish Group 2001, 2004). In such an unpredictable software manufacturer 
organization, it is difficult to determine when a software product will be released, the features 
the product will have, the associated development costs or the resulting product quality. 
Without knowing when a software product will be released, a software manufacturer 
experiences difficulty in planning activities, such as product promotions, customer training and 
maintenance support. Resource utilization across projects may become inefficient, and difficult 
to manage, when projects fail to meet schedules. Customers have difficulties in planning for the 
introduction of a new software product into their organizations when a scheduled release date is 
missed.  
 
There are many [indefinite] points of evaluation along the life-cycle of a software product. The 
various milestones in between the life-cycle stages in particular, draw the attention of 
researchers and practitioners in the Information Systems (IS) and Software Engineering (SE) 
disciplines. Important milestones are the upfront investment appraisal, the implementation or 
release decision, and disinvestment in an operational software product, as in Figure 1-1 
(Sassenburg and Berghout 2004).  
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product idea

project proposal product development product in operational use

investment appraisal implementation
or release decision

disinvestment
of operational product

 
Figure 1-1: Important Milestones in the Life-cycle of a Product  
           (Sassenburg and Berghout 2004) 

 
This thesis is about release decisions for software products; a crucial point of evaluation. For 
many software manufacturers, especially those operating in mass markets, this is the point of no 
return.  
 
A software release decision is often a trade-off between early release to capture the benefits of 
an earlier market introduction [a larger installed base], and the deferral of product release to 
enhance functionality, or improve quality. At first sight, this trade-off seems not to be of any 
special nature, from a strictly economic perspective. If a software product is released ‘too 
early’, a software product with less functionality and/or significant defects would be released to 
intended users and the software manufacturer incurs post-release costs of later fixing failures. If 
a software product is released ‘too late’, the additional development cost, and the opportunity 
cost, of missing a market window could be substantial. These two alternatives need to be 
compared, to determine which alternative maximizes economic value [revenues minus costs].  
 
In a practical setting, the decision to release a software product can be a problem, best 
illustrated with examples:  

 In practice, cost and time constraints will normally be present in retrieving complete and 
reliable information. This search for information should be taken into account as an 
economic activity with associated costs and time. This leaves the software manufacturer 
with the problem of finding the optimal level of information, where marginal value 
equals marginal costs and thus marginal yield is zero. Gigerenzer (2004) holds this 
optimal level is difficult, if not impossible, to find.  

 Decision-making in the real world is often unstructured (March and Olsen 1979), and 
normally involves various stakeholders, and there might, for example, be reasons to 
release a system or software product, due to political or business pressures, even though 
knowing it still contains defects. A study of spacecraft accidents, for example, reveals 
that, although inadequate system and software engineering occurred, management and 
organizational factors played a significant role, including the diffusion of responsibility 
and authority, limited communication channels and poor information flows (Leveson 
2004).  

 Research has revealed there are many obstacles to the successful implementation of 
almost any decision (March and Olsen 1979), including: 
- The reduced importance of a decision once it is made and implemented.  
- The control of the outcome of a decision by stakeholders not involved in its making. 
- The development of new situations and problems to command the attention of the 

decision-makers once the choice has been implemented. 
 
It is likely these obstacles apply to software release decisions. When political, or business, 
pressure to release a software product is high, the stakeholders responsible for maintaining the 
product may be neglected. In more chaotic environments, the attention of decision-makers to 
the decision implementation is likely to decrease due to other problems and/or the arrival of 
new problems. 
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It is concluded here that the trade-off issue ‘release now or later’ is not always easy to solve. 
Given the multitude of factors influencing this decision, each software release decision is likely 
to be unique. The author is however unaware of any studies conducted in this problem area; 
addressing software release decisions from both an economic and a decision-making point of 
view. In this study, the dimensions of the problem of deciding when to release a software 
product are investigated, using the existing body of knowledge, complemented by a study of 
current practices in software manufacturer organizations. The results obtained, combined with a 
multitude of theories from different disciplines, are used to propose a methodology to improve 
software release decisions. 
 
In Section 1.2 the increasing impact of software on society is discussed. In Section 1.3, 
attention is paid to the fact that both the complexity and importance of software release 
decisions are likely to increase in the next years or even decades. The extent to which existing 
methodologies, models and standards provide guidance in structuring software release decisions 
is discussed in Section 1.4. The argument for conducting this study is discussed in Section 1.5, 
addressing the benefits of a formal decision-making process. This leads to the definition of the 
primary research question in Section 1.6, the definition of the scope of this study in Section 1.7, 
the conclusions in Section 1.8, and the outline of this thesis in Section 1.9. 
 

1.2 Increasing Impact of Software 
 
Carr (2003) criticizes today’s worship of information technology and software. Although he 
recognizes that software has deeply transformed today’s society, he claims that it no longer 
offers a competitive advantage to organizations. Using examples of electric power production 
and trains he shows that software, as a proprietary technology, will no longer generate a 
competitive advantage. Instead, it can be expected that the usage of software will become 
standardized and no organization will benefit from purchasing and maintaining its own 
software solutions. Although this paradigm shift might be true, it does not imply that the 
production and consumption of software solutions will decrease. Taking the example of electric 
power production, used by Carr, it is obvious that, even after standardization instead of 
proprietary solutions, production and consumption of electric power has increased 
exponentially. The same holds for software, nowadays spreading from computers to, for 
example, the engines of automobiles to robots in factories to X-ray machines in hospitals.  
 

1.2.1 Software Size 
 
It is often reported that the size of software products is growing at an exponential rate following 
Moore’s Law (Yang 1998; Humphrey 2002; STW Technology Foundation 2002; Asseldonk 
2004; Broy 2004). The observation, made in 1965 by Gordon Moore, co-founder of Intel, noted 
that the number of transistors per square inch on integrated circuits had doubled every year 
since the integrated circuit was invented. Moore predicted this trend would continue for the 
foreseeable future. In subsequent years, the pace slowed a bit, but data density has doubled 
approximately every 18 months, and this is the current definition of Moore’s Law. Expressed as 
‘a doubling every 18 months’ or ‘ten times every 5 years’, Moore’s law is applied in other 
technology-related disciplines suggesting the phenomenal progress of technology development 
in recent years. Expressed on a shorter timescale, Moore’s law equates to an average growth of 
over 1% a week.  
 
Software size can be described using different attributes. Fenton and Pfleeger (1997) use three 
attributes: 

 Length; the physical size of the product. In general, the code length is the easiest to 
measure and is normally expressed in terms of lines of code.  
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 Functionality; amount of functionality delivered to end-users [in function or object 
points]. 

 Complexity. This attribute is interpreted in different ways: problem complexity 
[complexity of the underlying problem]; algorithmic complexity [complexity of the 
algorithm implemented to solve the problem]; structural complexity [structure of the 
software]; and cognitive complexity [ease of understanding the software].  

 
It is assumed here that increasing the length, or functionality, of software will, in general, also 
lead to an increase of complexity, whatever perspective is taken (Rosenberg and Hyatt 1996; 
Solingen and Berghout 1999). According to Broy (2003), modern automobiles contain up to 10 
million lines of software, distributed across 80 separate controllers and 5 bus systems. 
According to Yang (1998), the size of a typical embedded system is estimated to be 32 million 
lines of software in the year 2010. 
 

1.2.2 Defect Potentials, Removal Efficiencies and Defect Densities 
 
In software, the narrowest sense of product quality is commonly recognized as a lack of defects or 
‘bugs’ in the product (Kan 2003). Using this viewpoint, or scope,1 three important measures of 
software quality are:  

 Defect potential, defined as the number of injected defects2 in software systems, per size 
attribute.  

 Defect removal efficiency, defined as the percentage of injected defects found and 
removed before releasing the software to intended users.   

 Defect density, defined as the number of released defects in the software, per size 
attribute.  

 
Defect Potential 
[development] 

Defect Removal 
Efficiency 

Defect Density 
 [released] Size 

[function points] Defect potential and density expressed  
in terms of defects per function point 

1 1.85 95% 0.09 
10 2.45 92% 0.20 
100 3.68 90% 0.37 

1000 5.00 85% 0.75 
10000 7.60 78% 1.67 

100000 9.55 75% 2.39 
Average 5.02 86% 0.91 

 
Figure 1-2: Software Size versus Defect Potential, Removal Efficiency, and Density 
                (Jones 2002) 

 
A study by Jones (2002) reveals that the defect potential, the defect removal efficiency, and the 
defect density at release time depend on the software size. From Figure 1-2 it follows that as 
software grows, defect potential increases and defect removal efficiencies decrease. The defect 
density at release time increases, and more defects are released to the end-user(s) of the 
                                                           
1 This scope focuses on the reliability of the product [e.g., number of failures per n hours of operation, mean time to failure, or 
the probability of failure-free operation in a specified time]. The ISO/IEC 9126 (ISO 2001b) standard takes a broader scope 
and includes all non-functional requirements, being product properties that place constraints on the functional requirements. 
See also Section 4.3.2. The narrowed scope here is only used to demonstrate the presence of a software crisis in Section 1.3.3. 
2 The term ‘injecting defects’ was first used by Humphrey (1997, p.139), meaning the introduction of defects in a software 
program as a result of errors or mistakes made by software engineers.  
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software product. Larger software size increases the complexity of software and thereby the 
likelihood that more defects [both absolute and relative] will be injected. For testing, a larger 
software size has two consequences (Humphrey 2001): 

 The number of tests required achieving a given level of test coverage increases 
exponentially with software size. 

 The time to find and remove a defect first increases linearly and then grows 
exponentially with software size. 

 
As software size grows, to just maintain existing levels of released defect densities, software 
manufacturers would have to exponentially improve their defect potentials and removal 
efficiencies. The situation could be even worse. When software grows, more functionality is 
offered to the end-users. Assuming they use the enhanced functionality, end-users are exposed 
to even more defects. Maintaining the existing level of released defect density is not enough 
and this should be further decreased.  
 
Combining these results leads to the following two conclusions: 

1. The size and complexity of software and the amount and variety of software products are 
growing exponentially. 

2. The increased dependence of society on software means end-users will be exposed to 
more defects when software manufacturers are unable to exponentially improve their 
defect potentials and removal efficiencies.   

 
Date Casualties Detail 

2003 3 Software failure contributes to power outage across the North-eastern U.S. and 
Canada. 

2001 5 Panamanian cancer patients die following overdoses of radiation, determined by 
faulty use of software. 

2000 4 Crash of a Marine Corps Osprey tilt-rotor aircraft partially blamed on ‘software 
anomaly’. 

1997 225 Radar that could have prevented Korean jet crash hobbled by software problem. 

1997 1 Software-logic error causes infusion pump to deliver lethal dose of morphine 
sulphate.  

1995 159 
American Airlines jet, descending into Cali, Colombia, crashes into a mountain. A 
report from Aeronautical Civil of the Republic of Colombia found that the software 
presented insufficient and conflicting information to the pilots, who got lost. 

1991 28 Software problem prevents Patriot missile battery from picking up SCUD missile, 
which hits U.S. Army barracks in Saudi Arabia. 

 
Figure 1-3: Examples of fatal Software-related Accidents  
       (Gage and McCormick 2004) 

 
There is an increasing volume of evidence illustrating these conclusions, and an increasing 
number of software-related accidents are being reported. Gage and McGormick (2004) have 
published an overview of some known fatal software-related accidents as illustrated in Figure 
1-3.  
 
Leveson (1994) published a collection of well-researched accidents along with brief 
descriptions of industry-specific approaches to safety. Accidents are described in the fields of 
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medical devices,3 aerospace, the chemical industry and nuclear power. Glass (1998) describes 
other accidents. Studying software release decisions has a social relevance due to the increasing 
impact of software on society. This decision is a crucial evaluation point, often irreversible 
once it has been made. 
 

1.3 Improvement Areas 
 
Do the conclusions in the previous Section mean there is still a software crisis? One could 
claim the software crisis is dead, in the sense that the term ‘crisis’ refers to a turning point and 
we have passed this point (Putnam and Myers 1997). In this case, a valid question is whether 
there has indeed been a turning point. To answer this question, the gains in software 
productivity and the most important improvement strategies of the last decades are first 
discussed. 
 

1.3.1 Software Productivity 
 
Software productivity is often expressed as a ratio of the amount of source code statements 
produced for some unit of time, such as lines of code per hour. Scacchi (1995) claims however 
that due to the number and diversity of variables influencing software productivity this is an 
oversimplification. In the same survey, he further concludes existing software productivity 
measurement studies are fundamentally inadequate, and potentially misleading. Combining 
different studies, Scacchi (1995) identifies a list of productivity drivers related to the 
development environment, the product and the project staff. Putnam and Myers  (1992) follow 
this approach and define the so-called Productivity Index, combining different factors and 
making the argument that it is objective, measurable and capable of being compared on a 
numeric scale. It is a macro-measure of the total development environment. Putnam studies the 
trend in this Productivity Index and concludes that it has increased linearly over the last decade 
(Putnam 2000). Reifer (2004) confirms this, reporting an average linear productivity increase of 
8 to 12 percent a year. In his study, productivity is viewed from a quality point of view by 
normalizing it to the quality of a software product when released to its intended customers or 
end-users.  
 
For software productivity, another relevant issue is the efficiency of developing software 
products. In general, effort is being wasted for two main reasons: cancelled projects [the 
software product is never released] and software repair [testing and defect repairs]. Jones 
(1998) finds that 15% of the global software workforce is involved in projects that will never be 
deployed. Further, that 61% of software developers’ time is spent on software repair, including 
testing. This confirms the observation of Boehm and Basili (2001) that some 40-50% of the 
effort on current software projects is spent on avoidable rework, excluding testing. 
 
In Figure 1-4, the work pattern for a typical software engineer, after vacations, training and sick 
days, is given, with all activities other than time spent actually working on software projects 
factored out.  
 

                                                           
3 Some of the most widely cited software related accidents in safety-critical systems involved a computerized radiation 
therapy machine called the Therac-25. Between June 1985 and January 1987, six known accidents involved massive 
overdoses by the Therac-25 with resultant deaths and serious injuries. They have been described as the worst series of 
radiation accidents in the 35-year history of medical accelerators (Leveson and Turner 1993). An analysis by the Center for 
Devices and Radiological Health of the Food and Drug Administration reveals that from 3,140 medical device recalls 
between 1992 and 1998, 242 (7.7%) were attributable to software failures (Center for Devices and Radiological Health 2002). 



INTRODUCTION 

 

9

In addition to developing projects that never see the light of day, software personnel are 
involved in defect removal from projects eventually completed, and defect repairs during 
routine maintenance of software products already released.  
 
 

Activities Workdays Percent
Testing and defect repairs 120 61% 

Time on cancelled projects 30 15% 

Productive time on projects 47 24% 

Total 197 100% 
 

Figure 1-4: Software Engineering Effort by Task 
                (Jones 1998) 

 
Assuming software productivity is growing linearly, and not exponentially, a possible solution 
is to increase the amount of software produced per unit of time, by allowing more people to 
work in parallel. However, this solution provides limited results. It is only in the later project 
phases that work can be distributed effectively among more software engineers. Increasing the 
project team size will lead to higher overheads, thus likely to reduce the average productivity 
level.4  
 
It is concluded that, until now, software productivity has mostly been increasing linearly, rather 
than exponentially, with most development effort still taken up by defect repair, and projects 
that will be prematurely terminated. This linear increase is insufficient to cope with the 
exponentially increasing software size. 
 

1.3.2 Improvement Initiatives 
 
Nearly two decades ago, Boehm (1987) identified a number of strategies for improving 
software productivity: get the best from people, make development steps more efficient, 
eliminate development steps, eliminate rework, build simpler products and re-use components. 
Re-use especially has been regarded as a high-potential solution (Poulin et al. 1993), but overall 
results have been disappointing (Card and Comer 1994; Schmidt 1999). In 2001, Boehm and 
Basili (2001) published a list of the most important factors in reducing defect injection and 
removal rates.  
  
During the last decades, many software development organizations initiated software process 
improvement programs (Fuggetta 2000; Humphrey 2002). The intention of these initiatives is to 
improve the software manufacturer’s performance by reaching, for example, the higher levels 
of process maturity models, such as the Capability Maturity Model or CMM (Paulk et al. 1993; 
Software Engineering Institute 1995), its successor the Capability Maturity Model Integration 
or CMMI (Software Engineering Institute 2002; Chrissies et al. 2004)5, and ISO/IEC 15504 
(ISO 2003a, 2004b) in combination with the ISO/IEC 12207 standard (ISO 1995, 2002b, 
2004f).6  
 
                                                           
4 See also (Brooks 1975) who claims that the increased overhead costs may outweigh any gain in productivity. 
5 The CMMI has a broader scope than the CMM with a focus on software development. The CMMI integrates four bodies of 
knowledge, or models, one can choose from [systems engineering, software engineering, integrated product and process 
development, supplier sourcing] and one can select two different representations: the staged representation [each maturity 
level exists of a number of process areas as in CMM] and a continuous representation [a maturity level is assigned to each 
process area as in ISO/IEC 15504].  
6 The revised version of the ISO/IEC 15504 standard describes the requirements for conducting assessments and making 
process capability profiles. The process descriptions themselves have been removed and integrated in the revised ISO/IEC 
12207 standard. 
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The Software Engineering Institute twice yearly publishes a Maturity Profile Update. These 
profiles list the percentage of officially assessed software manufacturers performing at each 
maturity level using CMMI as the reference model. Over the last decade, improvements have 
been reported. The situation at the end of 2003 revealed that most organizations involved in the 
study are performing at the second maturity level [43.3%], with basic project management 
practices in place (Software Engineering Institute 2004). However, it is assumed the assessment 
of all software manufacturers worldwide would show a more dramatic picture, as the results 
reported to the Software Engineering Institute only include officially assessed software 
development organizations, namely organizations that are willing, or forced, to be assessed. 
 
Jones (1998) compares the best software manufacturer organizations with the worst ones, to 
illustrate the scope for improvement. In Figure 1-5, a range of results for lagging, average and 
leading software projects is presented. These results suggest there is ample room for 
improvement. The defect injection rate in average organizations is almost twice that found in 
the best organizations. Further, by improvements to both the defect potentials and the defect 
removal efficiencies, there is room for a reduction by a factor of five in the number of defects 
actually delivered by average organizations.  
 
 

Task Leading Average Lagging 
 [data expressed in terms of defects per function point] 

Requirements 0.55 1.00 1.45 

Design 0.75 1.25 1.90 

Coding 1.00 1.75 2.35 

User manuals 0.40 0.60 0.75 

Bad fixes 0.10 0.40 0.85 

Total 2.80 5.00 7.30 

Removal % 95% 85% 75% 

Delivered 0.14 0.75 1.83 
 

Figure 1-5: Comparison of Defect Potential and Removal Efficiency 
             (Jones 1998) 

 

1.3.3 Software Crisis? 
 
The term ‘software crisis’ has been used since the late 1960s to describe those recurring system 
development problems in which software development cause the entire system to be late, over 
budget, not responsive to the user and/or customer requirements, and difficult to use, maintain 
and enhance (Gibbs 1994). Royce (1991) emphasized this situation: ”The construction of new 
software that is both pleasing to the buyer/user and without latent errors is an unexpectedly 
hard problem. It is perhaps the most difficult problem in engineering today, and has been 
recognized as such for more than 15 years. It is often referred to as the ‘software crisis’. It has 
become the longest continuing crisis in the engineering world, and it continues unabated.” It 
could be argued that the software crisis is dead in the sense that the software industry has 
passed the turning point, as under the right conditions software development can be managed. 
The positive side is that software productivity is increasing, some software manufacturers have 
succeeded in improving their maturity levels, and there is room for improvement, when 
comparing leading and average software manufacturer organizations. It could also be argued 
that one can still speak of a software crisis, in the sense that the turning point has probably not 
yet been reached. There is no indication that any improvement strategy can result in the 
performance improvements needed. It is questionable whether the effects of any improvement 
strategy can match the exponential growth of the variety and size of software products. It is 
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likely that, in the future, more software products will be released with higher defect densities, 
with the most likely consequence that end-users will be confronted with more defects. Put 
differently, the chronic character of software development problems is unlikely to be resolved 
in the future. The question that may arise is whether a possible solution to reduce or even 
eliminate the chronic software development problems is developing less and simpler software 
products. The study from Jones (2002), discussed in Section 1.2.2, reveals that as software size 
shrinks, defect potential decreases and defect removal efficiencies increase. In practice, it will 
be difficult to limit the development of new software products, however each software 
manufacturer will undoubtedly benefit from trying to minimize product size by implementing 
only those requirements for which a clear customer/user demand exists. 
 
If the software industry is unable to find easy-to-implement improvement strategies, the typical 
software manufacturer organization is likely to become increasingly less predictable in terms of 
cost, quality and time-to-market, a trend confirmed by studies of the Standish Group (2001, 
2004).7 In markets with increasing competition and smaller market windows, software 
manufacturers might experience an increasing pressure to release software products 
prematurely, disregarding the total life-cycle effects (Berghout and Nijland 2001). In this case, 
uncertainties are: 

 Unknown product behaviour. It is difficult, if not impossible, to guarantee 
customers/end-users the exact functional and non-functional requirements of the software 
product. This may lead to dissatisfied customers/end-users and to unforeseen, even 
potentially dangerous, situations. Apart from the fact that people’s lives may be at risk, 
such situations can have an enormous financial impact on the software manufacturer. 

 Unknown operational maintenance cost. The post-release or maintenance cost of the 
software may become unexpectedly high. If the exact status of the software with its 
documentation is unknown, a software manufacturer may be confronted with high 
maintenance costs for correcting failures. Future adaptive and perfective maintenance 
activities may be severely hampered. 

 
The presence of these uncertainties may have a dramatic impact on a software manufacturer’s 
market position. Releasing a software product too late might severely undermine its market 
position, releasing a software product prematurely might lead to recalls and warranty, or even 
liability, problems. This is illustrated by figures from the automotive industry; transformed 
from a mechanically-oriented industry to an electronic and software-oriented industry. In 
Figure 1-6, an overview is given of the number of officially reported recalls in the German and 
UK automotive industry (KBA 2003; Bates et al. 2004), showing a constant increase with an 
increasing percentage of recalls from the hardware/software area.8  

                                                           
7 The latest Chaos report of the Standish Group (2004) reveals the software industry is losing ground. Only 28% of software 
projects succeed these days, down from 34% a year or two ago. Outright failures [projects cancelled before completion] are 
up from 15% to 18%. The remaining 51% of software projects are seriously late, over budget and lacking features previously 
expected. 
8 Including ‘silent’ recalls, the ones not officially reported, would reveal a more dramatic picture.  
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Figure 1-6:  Recalls in German and UK Automotive Industry ~ 1992-2003  
          (KBA 2003; Bates et al. 2004) 

 
Another study in the automotive industry, conducted by McKinsey (2001), concerns the financial 
impact of quality problems on profit margins. As in Figure 1-7, the economic significance of 
these problems is high.  
 
 

0 1 2 3 4 5 6 7 8 9

Market introduction delayed six months

10% of customers lost to competitors

Six months late reaching full production
capacity

Production costs 10% over target

Long-term quality problems

Design change six months before SOP

100 Mio. Euro

 
Figure 1-7: Cost of Quality Problems in Automotive Industry [loss of profit margin] 
          (McKinsey 2001) 

 
Finally, when looking into the near future, it is expected that the market volume of automotive 
software and hardware [production costs] will grow significantly (Mercer Management 
Consulting 2002, Lederer et al. 2003), as illustrated in Figure 1-8. 
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Figure 1-8:  Expected Growth in Worldwide Market Volume 
[software and hardware production costs in automotive industry]  

           (Mercer Management Consulting 2002, Lederer et al. 2003)  
 
From these figures, it is concluded that automotive manufacturers are facing uncertain times 
due to the unpredictability of their development process and resultant products, while software 
is expected to play an increasingly important role in new innovations, production costs, lead-
time of product developments and released product quality.  
 
It is concluded that software release decisions are likely to become more complex and 
important in the next years, or even decades, due to limited room for improvement and 
increasing uncertainty levels. A valid question to raise here is the extent to which software 
release decisions are addressed in existing methodologies, standards and models. This is 
discussed in the following Section. 

 

1.4 Available Methodologies, Standards and Models 
 
In this Section, some of the most widely known [software] project management methodologies, 
development methodologies, maturity models, standards and operational methodologies are 
discussed to investigate the extent to which software release decisions are addressed. Special 
attention is paid to whether they provide practical guidance in structuring software release 
decisions. Examples of this practical guidance are the distinction of different roles and 
responsibilities, the required information as input to the decision, the decision-making process 
itself and implementation aspects. 
 

1.4.1 Project Management Methodologies 
 
The Central Computer and Telecommunications Agency (CCTA), currently part of the Office 
of Government Commerce (OGC), developed PRINCE [‘PRojects IN Controlled 
Environment’]. This project management methodology was originally developed for use on 
software projects. The methodology was re-launched in 1996 under the acronym PRINCE2 and 
is used in both the public and private sectors. PRINCE2 is a process-based approach to project 
management. Each process is defined with its key inputs and outputs, together with the specific 
objectives to be achieved and activities to be carried out. PRINCE2 has 8 main processes, 
comprised of 45 sub processes (Office of Government Commerce 2002). The eight processes 
are:  
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 Starting Up a Project (SU); 
 Initiating a Project (IP); 
 Directing a Project (DP); 
 Controlling a Stage (CS); 
 Managing Product Delivery (MP); 
 Managing Stage Boundaries (SB); 
 Closing a Project (CP); 
 Planning (PL). 

 
Software release is partially addressed in the process ‘Closing a Project’ (CP). The process 
covers the project manager’s work in requesting permission to close the project, either at its 
natural end or for a premature close. The objectives of this process (Office of Government 
Commerce 2002) are to: 

 Note the extent to which the objectives set out at the start of the project have been met;  
 Confirm the customer’s satisfaction with the products;  
 Confirm that maintenance and support arrangements are in place [where appropriate];  
 Make any recommendations for follow-on actions;  
 Ensure that all lessons learned during the project are annotated for the benefit of future 

projects;  
 Report on whether the project management activity itself has been a success;  
 Prepare a plan to check on achievement of the product’s claimed benefits.  

 
This abstract description is of limited support in structuring software release decisions, as only 
the role and responsibilities of the project manager are addressed and some implementation 
aspects. The same conclusion holds for other project management methodologies like, for 
example, PMBOK [‘Project Management Body Of Knowledge’]. Where PRINCE2 provides a 
more prescriptive [although flexible] set of steps for the project manager and teams to follow, 
PMBOK offers the project manager a considerable array of information about proven practices 
in this field and invites the project manager to apply these where deemed appropriate. PMBOK 
also focuses strongly on planning processes; taking the perspective of the project manager 
(Project Management Institute 2000). Both PRINCE2 and PMBOK attempt, early in the life-
cycle, to break down the project into smaller and smaller pieces using techniques such as 
creating Work Breakdown Structures. Identified sub-tasks are transformed into network 
diagrams, augmented with dependency and estimate information to determine the critical path 
for the project. As such, these methodologies focus strongly on planning. The over-riding 
theme is that if a project is planned properly, if progress is tracked against the plan and if 
corrective actions are taken, when work accomplished deviates from the plan, a project is likely 
to be successful. This is considered an incomplete and flawed view of projects because it does 
not, for example, take into account the inherent uncertainty associated with many of today’s 
software projects.  
 
It is concluded that these project management methodologies offer limited guidance in 
structuring software release decisions. 
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1.4.2 Development Methodologies 
 
Generally, there are two categories of software development methodologies: 9 

 The traditional software development methodology utilizes a sequential approach 
whereby each phase of the project life-cycle is performed, and completed, before the next 
phase is started. As an example, a traditional approach may define the major phases of a 
project as: Requirement, Design, Code, Test and Deploy Phases. Each of the phases is 
performed only once, within the entire life-cycle, and each phase is performed to its 
completion before moving onto the next phase. The sequential models build on the 
assumption that the problem to be solved can be completely understood and described 
before a solution is designed. A design that satisfies all aspects of a problem can be 
specified before implementation. All implementation can be done before validation and 
delivery. This approach is most suitable for projects where the requirements are clearly 
stated and stable.10 Examples of this approach are Pure Waterfall (McConnell 1996) and 
the V-modell (Dröschel and Wiemers 2000). The V-Modell was originally developed by 
and for the German government under the name V-Modell ’97. Its successor V-Modell 
XT, released in 2004, does not prescribe a sequential approach and has the flexibility of 
adopting any development methodology (Rausch 2004). 

 The opposite of the sequential approach is the iterative approach [sometimes called agile 
development methodology]. This approach is essentially a rapid prototyping framework, 
which assumes the requirements will become more complete, and change as the project 
progresses. The project life-cycle has short iterations, each including collection of 
requirements, designing, coding, testing and deploying for that small part of the software 
system. Examples of this approach are Rapid Application Development or RAD 
(McConnell 1996), Rational Unified Process or RUP (Kruchten 2000), eXtreme 
Programming or XP (Beck 2000), Dynamic Systems Development Method or DSDM 
(Stapleton and Constable 1997), Scrum (Schwaber and Beedle 2001), and Feature-
Driven Development or FDD (Palmer and Felsing 2002).11 

 
Available descriptions of development methodologies focus on the project life-cycle, stating the 
order in which activities should take place. For software release decisions, there is little 
practical guidance for distinguishing different roles and responsibilities, the information 
required as input to the release decision, is the release decision-making process itself and 
release implementation aspects. It is therefore concluded that these methodologies offer limited 
guidance in structuring software release decisions. 
 

1.4.3 Maturity Models 
 
The concepts of process or capability maturity are increasingly being applied to software 
product development, both as a means of assessment and as part of a framework for 
improvement. The principal idea of the maturity grid is that it describes typical organizational 
behaviour at a number of levels of ‘maturity’, for each of several aspects of the area under 
study. This provides the opportunity to codify what might be regarded as good practice [and 
                                                           
9 See (McConnell 1996) for a detailed overview. 
10 An incremental development approach, whereby the total scope of work is broken up into a series of small sub-projects or 
increments, is considered a special implementation form of the sequential approach. In this approach the overall requirements 
of the final system or product are also known at the start of the development, however a limited set of requirements is 
allocated to each increment and with each successive [internal] release more requirements are addressed until the final 
[external] release satisfies all requirements. A special incremental development methodology is Cleanroom (Mills et al. 
1987). The focus of Cleanroom involves moving from traditional, craft-based software development practices to rigorous, 
engineering-based practices. Cleanroom software engineering yields software that is correct by mathematically sound design, 
and software that is certified by statistically-valid testing.  
11 See (Abrahamsson et al. 2002) for an overview and comparison of agile development methodologies.  
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bad practice], along with some intermediate, or transitional, stages. Maturity approaches have 
their roots in the field of quality management. One of the earliest of these is Crosby’s Quality 
Management Maturity Grid or QMMG, which describes the typical behaviour exhibited by an 
organization at five levels of ‘maturity’, for each of six aspects of quality management (Crosby 
1979).  
 

Maturity Levels

Process Area 1 Process Area nProcess Area 2

Specific
Goals

Generic
Goals

Commitment
to Perform

Ability
to Perform

Directing
Implementation

Verifying
Implementation

Specific
Practices

Common Features

Generic
Practices

 
 

Figure 1-9: CMMI Components [staged representation] 
                                           (Software Engineering Institute 2002) 

 
Some of the most widely-known models are the CMM (Paulk et al. 1993; Software Engineering 
Institute 1995) and its successor CMMI (Software Engineering Institute 2002; Chrissies et al. 
2004).12 In Figure 1-9 the model components of the staged representation of CMMI are given 
as an example.  
 
Detailed descriptions of different aspects of software product development, the important 
aspects of software release decisions, are not explicitly addressed in these maturity models. In 
the staged representation of the software engineering variant of the CMMI, the process areas at 
maturity level 2 addressing project management issues (Software Engineering Institute 2002) 
are: 

 Requirements Management; 
 Project Planning; 
 Project Monitoring and Control; 
 Supplier Agreement Management; 
 Measurement and Analysis; 
 Process and Product Quality Assurance; 
 Configuration Management. 

 

                                                           
12 The ISO/IEC 12207 standard will be described in Section 1.4.4. 
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Software release decisions are only partially addressed in the Configuration Management 
process area, stating the requirement to control and monitor the release of work products built 
from the configuration management system. At maturity level 3, some process areas of interest 
are found, including Integrated Project Management [defining the need to establish and manage 
a project with the involvement of relevant stakeholders] and Decision Analysis and Resolution 
[to analyse possible decisions using a formal evaluation process that evaluates identified 
alternatives against established criteria]. However, these process areas state requirements in 
general terms that are not specific for software release decisions. It is concluded that these 
models offer limited guidance in structuring software release decisions. 
 
Although not specifically a maturity model, another methodology aiming at capability 
improvements is Six Sigma.13 This paradigm is often used by high-maturity organizations to 
implement statistical process control (SPC). Six Sigma originates from manufacturing 
environments and is concerned with statistical quality models of physical manufacturing 
processes that are inherently dynamic rather than static (Brassard and Ritter 2002). An integral 
part of every Six Sigma program is a DMAIC model: define, measure, analyse, improve and 
control (Wheeler 2005). This model is applied to existing processes. The form derived for the 
development of new products and processes is called Design for Six Sigma (DFSS), 
distinguishing the following five steps: define, measure, analyse, design and verify (DMADV). 
Six Sigma is relatively new to software development, and, although its applicability is criticized 
for various reasons (Binder 1997), it might be of support when defining and verifying criteria 
for tollgates for the later stages of the project life-cycle, examples being software testing and 
product rollout. A review of existing literature did not however reveal examples of tollgate 
definitions for the rollout stage, the latter one being the study object here.  
 

1.4.4 Standards 
 
The ISO/IEC 9001 standard (ISO 2000a) has many similarities with maturity models like the 
CMMI, and addresses many of the same CMMI disciplines. The main difference is that 
ISO/IEC 9001 is a standard for quality systems, and not a maturity model. It is not an 
instrument for assessing capability and at best it provides a ‘Pass/Fail’ level of judgment. The 
standard emphasises an organization’s quality management system including: 

 Note the extent to which the objectives set out at the start of the project have been met;  
 Management responsibility; 
 Resource requirements; 
 Measurement, analysis and improvement; 
 Product realization. 

 
The various aspects of software release decisions are not explicitly addressed in this high-level 
standard.  
 
The same holds for other ISO/IEC standards. The ISO/IEC 15288 standard describes the major 
processes at system level (ISO 2002a). Distinction is made between enterprise processes 
[enterprise management, investment management, system life-cycle management, resource 
management], agreement processes [acquisition, supply], project processes [planning, 
assessment, control, decision-making, risk management, configuration management], and 
technical processes [stakeholder needs definition, requirements analysis, architectural design, 
implementation, integration, verification, transition, validation, operation and maintenance, and 
disposal]. This standard is very global in nature and does not pay specific attention to [system] 
release decisions other than describing decision-making, stakeholder involvement, verification, 
transition and validation in general terms.  
                                                           
13 ‘x sigma’ means the range x standard deviation above and below the average, or a span of 2x [± sigma]. 
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The ISO/IEC 12207 standard describes the major component processes of a complete software 
life-cycle and the high-level relationships that govern their interactions (ISO 1995, 2002b, 
2004f). It consists of the original standard (ISO 1995), Amendment 1 (ISO 2002b), and 
Amendment 2 (ISO 2004f). The evolvement of this standard is illustrated in Figure 1-10. The 
major revision was in 2002, when the process reference model of the technical report ISO/IEC 
TR 15504 (ISO 1998a) was integrated in the standard. The standard covers the life-cycle of 
software from conceptualisation of ideas through retirement. Distinction is made between 
primary processes [acquisition, supply, development, operation, and maintenance], supporting 
processes [documentation, configuration management, quality assurance, verification, 
validation, joint review, audit, and problem resolution], and organizational processes 
[management, infrastructure, improvement, and training]. This standard is of a global nature 
and does not pay specific attention to software release decisions.  
 

ISO/IEC 12207:1995 ISO/IEC 12207:2004
Amendment 2

sub processes for
Supply Process

added

Change Request Management
Process added

ISO/IEC 12207:2002
Amendment 1

ISO/IEC 13407
(usability)

ISO/IEC 14598
(product evaluation) ISO/IEC 15939

(measurement)

ISO/IEC 15502-2:1998
(process reference)

IEEE 1517
(asset management

reuse program management
domain management)  

 
Figure 1-10: Evolvement of the ISO/IEC 12207 Standard  
                                                                 (ISO 1995, 2002b, 2004f) 

 
The ISO/IEC 14598 standard (ISO 1998b, 1999b, 1999c, 2000b, 2000c, 2001a) comes closer to 
the subject of software release decisions by describing the evaluation process for product 
quality attributes, as described in the ISO/IEC 9126 standard (ISO 2001b, 2003b, 2003c, 
2004e). Part 1 of the standard provides an overview of the other parts (Part 2 through Part 6) 
and explains the relationship between software product evaluation and the quality model. 
Additionally it describes the evaluation process in the following steps: establish evaluation 
requirements, specify, design and execute the evaluation. However, apart from this product 
evaluation description, the software release decision itself is not further addressed. It is 
therefore concluded that these standards offer limited guidance in structuring software release 
decisions. Most of the previously discussed methodologies, models and standards address 
software testing in global terms. 
 

1.4.5 Testing Standards and Approaches 
 
The British Standard Institute and IEEE have published testing standards specifically for 
software product development (British Standards Institute 1998; IEEE 1987). These standards, 
respectively BS7925-2 and IEEE 1008, primarily define techniques and measures for 
component testing. Integration, system and acceptance testing are not covered by these 
standards.  
 
Several approaches have been developed during the last decade to define and improve the 
testing process. Examples are Test Management approach or TMap (Pol et al. 2002), Test 
Process Improvement or TPI (Koomen and Pol 1999) and Test Maturity Model or TMM 
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(Burnstein et al. 1996a, 1996b). However, none of these approaches specifically address the 
release decision. Their purpose is to prescribe relevant processes with underlying practices.  
 
These standards and approaches provide limited guidance for structuring software release 
decisions. 
 

1.4.6 Operational Methodologies 
 
Finally, some methodologies for IT service management of software products in an operational 
context [after they have been released] are reviewed to determine the extent to which they 
address software release decisions. Although these methodologies are not applied when 
transferring a software product from its development phase to operational use, they are 
concerned with the rollout of new releases of existing products. 
 
IT Infrastructure Library or ITIL is probably the most widely-accepted approach to IT service 
management. It provides a cohesive set of best practices, drawn from the public and private 
sectors internationally. ITIL distinguishes various processes among which Release 
Management. The goals of Release Management are (Office of Government Commerce 
2002b):  

 The project management of software and hardware rollout; 
 The design and implementation of efficient procedures for the distribution and 

installation of changes to IT infrastructures; 
 To ensure that hardware and software changes are traceable, secure and that only correct, 

authorised and tested versions are installed; 
 To communicate and manage expectations of the business/customer during the planning 

and rollout of new releases; 
 To agree the exact content and rollout plan for the release, through liaison with the 

Change Management process; 
 To implement new software releases or hardware into the operational environment using 

the Configuration Management and Change Management controlling processes; 
 To ensure that master copies of all software are safe in a secure repository; 
 To guarantee that all software/hardware rolled out, or changed, is secure and traceable, 

using the services of Configuration Management. 
 
The IT Service Capability Maturity Model or IT Service CMM is a maturity growth model 
aimed at providers of IT services, such as management of hardware and software, operations, 
and software maintenance (Niessink et al. 2004). The structure of the model is equal to that of 
the Software CMM, but the contents of the IT Service CMM, however, are key process areas 
needed for mature IT service provision. The main difference from ITIL is that the IT Service 
CMM is organized as an ordered set of key process areas, whereas ITIL is organized as a 
framework of best practices, organized by different processes (Niessink et al. 2004). 
 
As in the previously described methodologies, models, and standards, these methodologies do 
not explicitly address the important aspects of software release decisions, other than stating the 
requirement to control and monitor the release of work products built from the configuration 
management system and some project management aspects. It is concluded that these 
methodologies offer limited guidance in structuring software release decisions. 
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1.4.7 Summary 
 
A review of some widely-known project management methodologies, development 
methodologies, maturity models, standards and operational methodologies reveal that software 
release decisions are only addressed in a limited way. Issues covering the definition of different 
roles and responsibilities; information required as input to the decision, the decision-making 
process itself and implementation aspects, are mostly ignored. Results are summarized in 
Figure 1-11. 
 

Category Examples Focus 
Aspects addressed for 

software release decisions 
Project 

management 
methodologies 

PRINCE2 
PMBOK 

Project planning 
Project planning 

Role of project manager 
Some implementation aspects 

Maturity models 
CMMI 

Six Sigma / DFSS 
Process capability  

Statistical process control 
Product integrity 
Decision analysis 

Standards 

ISO/IEC 9001 
ISO/IEC 15288 
ISO/IEC 12207 
ISO/IEC 14598 

Quality system requirements 
System life-cycle processes 

Software life-cycle processes 
Product evaluation 

None 
Verification/transition/validation 

Verification/validation 
Evaluation of product attributes 

Testing 
standards, 
approaches 

BS7925-2 
IEEE 1008 

TMap, TPI, TMM 

Component testing 
Component testing 

Test process [improvement] 

None 
None 

Test strategy and planning 

Operational 
methodologies 

ITIL 
IT Service CMM 

Service management 
Service provision 

Role of project manager 
Product integrity 

 

Figure 1-11: Summary of Methodologies, Models and Standards 
 
A preliminary investigation of other supporting literature reveals limited additional 
information.14 Bays (1999) describes a software release methodology from both an operational 
point of view [addressing defect-tracking systems, source code control, and change control 
systems] and an organizational point of view. However, the organizational view is limited to a 
description of release engineering service strategies [overly flexible versus inflexible, 
centralized versus decentralized] and release management philosophies [in order of increasing 
maturity: reactive chaotic, reactive structured, consultant, and dictator]. This work however 
merely expresses the ideas and experiences of the author himself, while not referring to the 
existing body of knowledge or any research conducted. 
 
Studying software release decisions has a scientific relevance, and will be a contribution to the 
existing body of knowledge, as this aspect has not been addressed in any of the above systems. 
 

1.5 Benefits of a Formal Process 
 
Decisions with little impact can often be made on the basis of informal rules and agreements, 
however as soon as common interest increases, collective decision-making has to be 
institutionalized through the elaboration of a more formal approach; a generally-accepted 
decision-making process to arrive at a decision based on the input of multiple stakeholders 
(Stokman et al. 2000, p.1). Whenever a formal decision-process is defined and established, the 
                                                           
14 Not discussed here are software reliability estimation models that can support, at least in theory, finding the optimal release 
time [discussed in Chapter 3]. These are mathematical models and do not address decision-making. 
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risk exists that bureaucracy will occur: the process adds cost without adding value and/or slows 
an organization down. The justification for using a formal process is that it assists in identifying 
the functioning of a group in collective decision-making. By offering structure, it facilitates the 
early identification of [potential] problems that threaten decision success, and thus easier, and 
cheaper, solutions, or even prevention, of these problems. Furthermore, it helps to enhance 
understanding (Burke 1994; Winch 1995) and unity, or consensus, is much easier to achieve 
(Kolstoe 1985). The emphasis in a formal process is on reducing the risks associated with self-
imposed controls and restrictions, and optimizing available resources by assigning process 
activities identified and eliminating those activities [costs] that add no value. This is important 
when common interest increases, or when stakes are high. 
 
It can be argued that the definition, and implementation, of a collective decision-making 
process for software release decisions does not necessarily improve predictability for a software 
manufacturer in terms of cost, quality and time-to-market. Nearing the end of a project, the 
knowledge on the project has gradually increased, whereas the possibilities of action on the 
project are reduced: the irreversibility of decisions already made arises. Such a collective 
decision-making process should therefore include pro-active measures taken before the release 
decision itself, so a sound project start is ensured during the project proposal phase and time is 
allowed for the prevention of threats identified during product development. These measures 
should impact on the way a software manufacturer accepts and implement its projects prior to 
the release decision itself.  
 
A formal process offers a structured mechanism to provide visibility of threats to release 
decision success. The net result of a formal approach is to help avoid preventable surprises late 
in the project, and improve the chance of meeting initial project commitments, and reducing the 
level of uncertainty. Reducing uncertainty has a cost, which should be balanced against the 
potential cost a software manufacturer could incur if the uncertainty is not reduced. It may not 
be cost-effective to try and reduce uncertainty too much. Formal approaches are of special 
concern when common interests increase, and when strategic value is present. In this study, a 
decision is considered as being of strategic value when large prospective financial loss 
outcomes to a software manufacturer and its customers/end-users of the software are present 
(Kunreuther et al. 2002). This is often true for software release decisions due to high costs for 
reversing the software release decision once made. Strategic value also has a long-term 
character as prospective loss outcomes may arise long after the decision has been made [for 
example, in cases where liability issues lead to lawsuits]. Decisions with strategic value should 
be made at a high level of the organization, require a formal decision-making process, and 
should be of concern to top management (Harrison 1987, p.30). Routine software release 
decisions, without strategic value, can be handled with a higher degree of certainty, and should 
be left to management at tactical, or even operational, level. Strategic software release decisions 
require a formal, collective decision-making process.  
 

1.6 Primary Research Question 
 
In the previous Sections, several arguments are put forward for a study of software release 
decisions: 

1. Studying software release decisions has a social relevance due to the increasing impact of 
software on society; it is a crucial point of evaluation, often irreversible once the decision 
to release has been made (Section 1.2). 

2. Software release decisions are likely to become more complex and important in future 
years, or even decades, due to the limited scope for improvements, and increasing 
uncertainty levels (Section 1.3). 

3. Studying software release decisions has a scientific relevance as these are only addressed 
in a limited way in the most widely-known project management methodologies, 
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development methodologies, maturity models, standards, test standards and approaches, 
and operational methodologies. This will extend the body of knowledge in this area 
(Section 1.4). 

4. Strategic software release decisions can benefit from the institutionalization of a 
collective decision-making process, offering a structured mechanism to provide visibility 
of threats to release decision success (Section 1.5). 

 
Based on these arguments, the primary research question is formulated as:15 
 

How to improve strategic software release decisions? 
 
To investigate this research question, a methodology must be designed. The objective of this 
methodology is to describe the relevant practices that, when implemented successfully, help 
give a better chance of success when making strategic software release decisions. A successful 
decision is defined as one that results in the attainment of the objective that gave rise to the 
decision, within the constraints present (Harrison 1987, p.346). Such a methodology should 
enable a software manufacturer to understand the different aspects relevant to strategic software 
release decisions [descriptive character] and offer the possibility of assessing its capability in 
this area [judgmental character], thereby creating an instrument to identify possible 
improvement areas. 
 

1.7 Scope of the Study 
 
To narrow the scope of this study, the following limitations are applied: 

 Decision Type. As in Sections 1.5 and 1.6, this study will focus on strategic software 
release decisions. When strategic value is involved, the increased common interest 
requires the institutionalization of a collective decision-making process. By offering 
structure, it facilitates the early identification of [potential] problems that threaten 
decision success and thus the easier and cheaper resolution, or even prevention, of these 
problems. 

 Release Type. After a software product has been developed, different tests are conducted 
before the software product is put into operational use (Myers 1979; Sommerville 1995; 
Pressman 2000, Vliet 2000). The software product might first be internally released for 
alpha testing with the objective of finding and eliminating the most obvious defects. 
Subsequently, the software product can be released to a limited population of customers 
or end-users for beta testing, conducted to test the product for all functions in a breadth 
of field situations, and to find those failures likely to show in actual use. After the 
completion of this beta test, the software product can be officially released to its intended 
customers or end-users, and to the organizational authority responsible for post-release 
activities like software maintenance. In this study, the focus is on this last step, 
transferring the software product to operational use. The alpha and beta tests are 
considered the final steps of product development, prior to the software release decision, 
after which the software product is put into [full] operational use. 

 Software Type. In Section 1.1, two categories of software are defined: system software 
and application software. Although there is not always a clear dividing line between 
these categories, the focus in this thesis is on application software. In this case 
customers/end-users are exposed to the software product released [instead of other 
software manufacturer organizations]. As mentioned in Section 1.1, a software product is 
either a standalone software product or software embedded in a system. 

 Software Manufacturer Type. An important factor influencing the supply-demand/pricing 
relationship for software products is the relationship between the software manufacturer 

                                                           
15 In Chapter 5, four additional secondary research questions are formulated. 
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and its customer(s) and/or end-user(s) of the software product (see Iberle 2003 for an 
overview of different software manufacturer types). This relationship between a software 
manufacturer and its customer(s) and/or end-user(s) influences the outcome of the 
software release decision. Releasing a software product to one known customer [custom 
system] will be different to releasing a software product to many unknown customers 
[mass market]. However, it is a requirement here that this relationship should not 
influence the methodology proposed. The purpose of the methodology is to identify the 
practices that help increase decision success, without focusing on a specific software 
manufacturer type. 

 Role of the Customer/End-user. It is assumed that the software manufacturer takes a 
software release decision without direct involvement of customer(s) and/or end-user(s). 
However, when, for example, a custom system is written on contract, it is likely that they 
will be stakeholders in the decision-making process. An additional requirement for the 
methodology to be proposed is that this situation be taken into account.  

 

1.8 Conclusion 
 
In this Chapter important trends in the software industry are described. Our dependence on 
software is increasing, and as a result the total societal costs of computer failures increase. The 
size of software as well as the amount and variety of software products are growing 
exponentially. This growth implies that end-users will be exposed to more defects, if the 
software industry is not able to exponentially improve its defect potentials and removal 
efficiencies. Combined with increased competition and smaller market windows, it is likely that 
software manufacturers will be exposed to higher levels of uncertainties when releasing 
software. The decision to release a software product is expected to become an even more 
complex and important decision. Irrespective of this, a review of existing methodologies, 
models and standards reveals limited guidance in structuring software release decisions in a 
methodological way. It is the objective of this study to design a methodology for a better 
chance of success when making strategic software release decisions, by identifying, and 
managing, critical aspects. The definition of the scope of this study narrows the solution space 
of the formulated primary research question.  
 

1.9 Thesis Outline 
 
The remainder of this thesis divides into five parts: 

 In Chapter 2 the research design for the study is described, including the chosen research 
philosophy, research approach and research strategies. 

 In Part 1 (Chapters 3 and 4) the results of the Exploration phase are described, 
combining the results of the first literature study on existing theory of software release 
decisions and seven exploratory case studies. The questions addressed in these case 
studies are derived from the literature study.   

 In Part 2 (Chapters 5 through 10) the results of the Explanation phase are described, and 
a supporting methodology for software release decisions is designed, based on the results 
obtained in the previous phase. This methodology is based on three styles of decision-
making behaviour: maximizing, optimizing and satisficing behaviour, complemented by 
relevant issues for the decision implementation. An additional literature study is 
conducted in this phase, with the objective of finding answers to four additional 
secondary research questions, and identifying relevant theory on the methodology to be 
designed. 
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 In Part 3 (Chapter 11) the results of the Testing phase are described, with validation 
results of the methodology designed, in a practical context, through three additional case 
studies.  

 In Chapter 12, the final part of this thesis, conclusions and recommendations are 
discussed. Conclusions are presented on the primary research question and secondary 
research questions. Recommendations are provided for further research in this area. 

 
The outline of this thesis is depicted in Figure 1-12. 
 
 

Exploration

Part 1: Exploration phase

Part 2: Explanation phase

1. Introduction

2. Research Design

3. Existing Theory 4. Practical
Examples

5. Framework of the
Methodology

7. Release
Information

8. Release
Decision

9. Release
Implementation

6. Release
Definition

10. Review and
Properties of the

Methodology

11. Validation of the
Methodology

Part 3: Testing phase

12. Conclusions and
Recommendations

 
 
 

Figure 1-12:  Thesis Outline
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2 RESEARCH DESIGN 
 

 “Science works with concept of averages which are far too general to do justice to the 
subjective variety of an individual life.” 

-- Carl Gustav Jung -- 
 

2.1 Introduction 
 
The design of the study is discussed in this Chapter, and in Section 2.2, different trajectories for 
building theories are discussed, towards deriving the overall design of the study.  
 
This framework is used to describe the research design in more detail, and discussed in: 

 Section 2.3 ~ the research philosophy  
 Section 2.4 ~ the research approach  
 Section 2.5 ~ the applied research strategy  
 Section 2.6 ~ the corresponding time horizon  
 Section 2.7 ~ the data collection methods,  including tactics used to obtain a high level of   

                             reliability and validity.  
 
Considerations on the role of the researcher are discussed in Section 2.8, and the Chapter ends 
with a summary and conclusions, in Section 2.9. 
 

2.2 Overall Research Design 
 
A theory explains how ‘something’ works and can predict how ‘something’ will behave under 
specific conditions. Theory development means formulating a consistent system of statements 
that unify, enlarge and deepen ideas, which had, before, been more or less intuitive and 
disconnected. Engelen and Zwaan (1994) describe two theory trajectories: theory development 
and theory application, as in Figure 2-1. 

 
The theory development trajectory has three basic steps:  

exploration  explanation  testing 

Using existing theory and practices, a new theory is constructed that should describe reality, 
preferably with a high predictability. This theory is tested in reality to determine if the theory 
can be confirmed or rejected, thus answering the question ‘Is it correct?’  
 
The theory application trajectory also has three steps:  

diagnosis  construction  implementation 

A problem is diagnosed, the problem is accurately defined and theories to improve the 
unwanted situation are determined. The theories are then applied to create a potential solution 
for the problem and this solution is implemented, thus answering the question ‘Does it work?’ 
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Exploration

Implementation

Construction

Diagnosis

Testing

Explanation

Theory Development Theory Application

Design
cycle

Empirical
cycle

Design
cycle

Empirical
cycle

 
 

 
Figure 2-1: Theory Development and Theory Application  

                                              (Engelen and Zwaan 1994, p.86) 
 
Engelen and Zwaan (1994) distinguish two main research cycles for management studies: 

1. Empirical cycle. With five steps:  
1) Research goal,  
2) Research design,  
3) Data collection,  
4) Data analysis, and  
5) Reporting.   

2. Design cycle. Also with five steps:  
1)  Design goal,  
2)  Design specifications,  
3)  Generation of different designs,  
4)  Selection from different designs, and  
5)  Reporting.  

 
As illustrated in Figure 2-1, these research cycles are found in both trajectories. In developing 
theory, the emphasis is on design, and using existing theories, new relationships are explored. 
The resultant ‘designed’ theory is then tested in an empirical context. For theory application, 
the order of the two cycles is reversed. An undesirable situation in an empirical context is 
diagnosed and alternative solutions are evaluated to choose the most appropriate one. 
 
As discussed in Section 1.6, the aim of this study is to develop theory regarding strategic 
software release decisions by developing a methodology. This methodology should describe the 
relevant practices that, when implemented successfully, help to achieve a better chance of 
success when making strategic software release decisions. Such a methodology should have a 
descriptive character and a judgmental character, thereby creating an instrument to identify 
possible improvement areas.  
 
No suitable theories were found describing, or explaining, the important aspects of strategic 
software release decisions, and this research primarily follows the trajectory of theory 
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construction. During the Exploration phase, the study phenomenon is explored in-depth from 
both a theoretical point of view [literature review] and a practical point of view [empirical 
research]. The results obtained are used during the Explanation phase to design a methodology, 
describing all the important aspects of strategic software release decisions in a coherent and 
consistent way. The methodology is validated in the Testing phase to see whether it is correct. 
Following these steps implies that the empirical cycle is executed twice. During the Exploration 
phase, not only are existing theories explored, but case studies, in a practical context, are also 
used for a better understanding of the main problem areas faced by software manufacturers. The 
design cycle is applied during the Explanation phase. During the Testing phase, the empirical 
cycle is used to again test the designed methodology in an empirical context. 
 
The research also incorporates elements of theory application as the research question addresses 
the question of how to improve strategic software release decisions. It was however decided to 
focus on only developing and validating new theory, taking into account the requirement for the 
methodology to support a software manufacturer in identifying possible areas of improvement. 
Validating whether the implementation of the theory helps a software manufacturer improve its 
capability in this area falls beyond the scope of this study. An overview of the resulting 
research design showing the three research steps is given in Figure 2-2.  
 

Research
question

Empirical
research

Literature
research

Design of
Methodology

Validation of
Methodology

1. Exploration Phase 2. Explanation Phase 3. Testing Phase

Conclusions and
Recommendations

empirical cycle design cycle empirical cycle  
 

Figure 2-2: Research Design 
 
Having defined the research question and the overall research design for this study, the next 
step is to discuss the design in more detail: the research philosophy, the research approach and 
research strategies used. Much literature is available on research philosophies, approaches and 
strategies. Saunders et al. (2003) define the so-called research process ‘onion’, consisting of 
five different layers, as in Figure 2-3.  
 

Layer Approaches 
1: Research philosophy Positivism, Interpretivism (or Phenomenology), Realism 
2: Research approaches Deductive, Inductive 
3: Research strategies Experiment, Survey, Case study, Grounded theory, Ethnography, Action research 
4: Time horizons Cross Sectional, Longitudinal 
5: Data collection methods Sampling, Secondary data, Observation, Interviews, Questionnaires 

 
Figure 2-3: The Research Onion  
                (Saunders et al. 2003, p.83) 

 
As approaches in the different layers have dependencies, they suggest a research design should 
be developed from the top down, starting with the outside layer [adopting a research 
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philosophy] and thereafter peeling away each layer until the fifth layer is reached [defining data 
collection methods]. This approach, also suggested by Remenyi et al. (2000), is used in this 
study. 
 

2.3 Research Philosophy 
 
A positivistic philosophy aims at the derivation of laws or law-like generalizations similar to 
those in the physical and natural sciences (Remenyi et al. 2000, p.32). Quantitative research 
allows researchers to familiarize themselves with the problem or concept to be studied. The 
emphasis is on facts and causes of behaviour (Bogdan and Biklen 1988), with the information 
in the form of numbers that can be quantified, and summarized using a mathematical process 
for analysing the numeric data and expressing the final result in statistical terminology (Charles 
1995).  
 
The realistic philosophy shares two features with a positivism philosophy: a belief that the 
natural and the social sciences should apply the same kinds of approach to the collection of data 
and to explanation, and a commitment to the view that there is an external reality to which 
scientist direct their attention (Bryman 2001).  
 
The interpretivistic philosophy, on the other hand, asserts that the assumptions of both 
philosophies are unwarranted; especially in cases where the objectives of study are influenced 
by many factors, extremely difficult to isolate and control in experimental laboratory settings 
(see for example Hirschheim and Klein 1994). Qualitative research, broadly defined, means any 
kind of research that produces findings not arrived at through quantification (Strauss and 
Corbin 1990, p.17) and which arise from real-world settings (Patton 2001, p.39).  
 
It is not possible to classify this study as either positivistic/realistic or interpretivistic. It could 
be argued that the study can be classified best as more interpretivistic, because no theories have 
been found to describe the study phenomenon. Therefore, studying a software release decision 
as a real, certain and precise phenomenon, and collecting data that are factual, truthful and 
unambiguous is difficult. Software engineering is still a relatively young discipline and there is 
a lack of general agreement on software measurement and a lack of maturity in measurement 
(Bourgue et al. 2004).16 Few organizations collect quantitative data on their projects 
(McConnell 2002). On the other hand, the study aims to collect facts and causes of behaviour, 
being more characteristics of a positivistic research philosophy.   
 

2.4 Research Approach 
 
Inductive reasoning applies to situations where specific observations or measurements are made 
towards developing broader conclusions, generalizations and theories (Saunders et al. 2003, 
pp.87-88). Opposed to inductive reasoning is deductive reasoning, where one starts thinking 
about generalizations, and then proceeds toward the specifics of how to prove or implement the 
generalizations (Saunders et al. 2003, pp.86-87), mostly applicable in disciplines where agreed 
facts and established theories are available (Remenyi et al. 2000, p.75). From Figure 2-4, listing 
the main differences between deductive and inductive research approaches, an inductive 
research approach is considered the most appropriate for an interpretivistic research philosophy.  
 
 
 
 

                                                           
16 According to Sellami and Abran (2003) the majority of software measures proposed in the literature are not based on 
verifiable approaches, and therefore cannot be qualified as measurement methods. 
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Deduction Induction 

 Scientific principles 
 Moving from theory to data 
 Need to explain causal relationships between 

variables 
 Collection of quantitative data 
 Application of controls to ensure validity of data 
 Operationalisation of concepts to ensure clarity of 

definition 
 Highly structured approach 
 Researcher independence of what is being 

researched 
 Necessity to select samples of sufficient size in order 

to generalize conclusions 

 
 Gaining an understanding of the 

meanings humans attach to events 
 Close understanding of the research 

context 
 Collection of qualitative data 
 More flexible structure to permit changes 

of research emphasis as the research 
progresses 

 Realization that the researcher is part of 
the research process 

 Less concern with the need to generalize 

 
Figure 2-4: Deductive and Inductive Research 
              (Saunders et al. 2003, p.89) 

 
Although involving some elements of a deductive approach, this research can best be classified 
as inductive. Inductive reasoning is applicable to business and management studies where 
established and accepted theories are unlikely to be available (Remenyi et al. 2000, p.75), as is 
the case in this study.  
 

2.5 Research Strategy 
 
An important step in the research design is the choice of research strategy for collecting data. 
Data are collected both during the Exploration and the Testing phases.  
 

2.5.1 Exploration Phase 
 
As discussed in Chapter 1, limited theories regarding strategic software release decisions are 
found. The first step in the research is therefore to explore how software release decisions are 
made in a practical context; to supplement insight gained from the literature review.  Most 
literature suggests case studies can be used as the appropriate research strategy for discovery or 
exploration (Benbasat et al. 1987; Hutjes and Buuren 1992; Lammers et al. 1997). Benbasat et 
al. (1987) give three main reasons for using case studies as the appropriate research strategy for 
exploration: 

1. The researcher can study the study phenomenon in a natural setting, learn the state of the 
art and generate theories from practice. 

2. The researcher can answer the questions that lead to an understanding of the nature and 
complexity of the processes taking place. 

3. It is an appropriate way to research a previously little studied area. 
 
These reasons are all applicable to the nature of the Exploration phase in this study. A theory 
(methodology) is constructed later during the Explanation phase, using the results of the 
literature review and supplemented by case studies. The literature review can be used to 
identify specific questions for the case studies, to create a better understanding of the nature and 
complexity of the release decision-making process. Only limited study results are available on 
strategic software release decisions. 
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Others confirm the choice for case studies as the research strategy during the Exploration phase. 
Yin defines a case study as an empirical enquiry that ‘investigates a contemporary phenomenon 
within its real life context, when the boundaries between phenomenon and context are not 
clearly evident’ (Yin 1994, p.13). This applies to the objective of the Exploration phase and is 
confirmed by Walsham (1993), who states that the appropriate research strategy for studying 
objectives in a practical context is case studies, and Bell (1993) describes case studies as an 
umbrella of research strategies having, in common, the decision to focus on an enquiry around a 
specific instance or event. Finally, as Schramm (1971) notes: ‘the essence of a case study, i.e. 
the central tendency among all types of case studies, is that it tries to illuminate a decision, or a 
set of decisions: why they were taken, how they were implemented, and with what result’. This 
applies to the objective of the Exploration phase. Criteria used to select case study 
environments are described in Chapter 4.  
 

2.5.2 Testing Phase 
 
The objective of the Testing phase is to validate whether the methodology can be used to 
understand the different aspects relevant to strategic software release decisions, and whether it 
offers the possibility of assessing an organization’s capability in this area, and an instrument to 
identify possible areas of improvement. Research strategies considered here are: action 
research, experiments, large-scale surveys and case studies.  
 
Action Research: The theory trajectory chosen for this study is theory development, not theory 
application for which action research would be an appropriate research strategy. The 
fundamental contention of an action researcher is that complex social processes can best be 
studied by introducing changes into these processes and observing the effects of these changes 
(Marsick and Watkins 1997). For theory development however, the focus is on explaining the 
study phenomenon and not diagnosing a problem and applying a theory to improve the 
situation. Assuming that also the trajectory of theory application was chosen [implementing the 
designed methodology], applying action research during the Testing phase could have been 
considered. However, possible criticism is that action research could have created a risk for the 
reliability and validity of the study results. When researchers intervene, they become part of the 
study, i.e. one of the study subjects. Action research may therefore incorporate interpretive 
statements that include the observer’s values and a priori knowledge, which, invariably, 
intrudes on the observation, and the researcher perceives the ‘meaning’ of the observation. 
According to Eden and Huxham (1996), as the researcher attempts to understand what is 
observed, this personal understanding will invade the recording of the observation and 
deductions that may follow. As the research design is restricted to theory development, action 
research is not considered as a possible research strategy.  
 
Experiments: Yin (1994, pp.4-9) recommends experiments and case studies as the appropriate 
research strategy when the form of the research question is ‘how’ or ‘why’, and when the study 
focuses on a contemporary event, as shown in Figure 2-5. Experiments were rejected for 
several reasons. The objective of the Testing phase is to validate the methodology constructed. 
Simulating all aspects of a release decision starting at the project proposal phase [when the 
project boundaries and thus the initial release criteria are defined] until the implementation of 
the release decision is assumed to be difficult. It is assumed that not all relevant issues can 
easily, or convincingly, be studied in laboratory settings (Remenyi et al. 2000, p.56). In a 
laboratory setting, it is, for example, difficult to simulate the stress that arises in practical 
action, which can hamper decision-making (Levi and Tetlock 1980). Other examples of factors 
influencing decision-making that cannot be easily simulated are discussed in Section 8.2 
[cognitive limitations]. It was assumed that organizations and individuals would not usually 
collaborate in such experiments (Remenyi et al. 2000, p.56), making it difficult to find a 
representative group to conduct experiments. 
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Research 
strategy 

Form of research 
question 

Control over 
behavioural events?

Focuses on 
contemporary events? 

Experiment how, why yes yes 

Survey 
who, what, where, 

how many, how much 
no yes 

Archival 
Analysis 

who, what, where, 
how many, how much 

no yes / no 

History how, why no no 
Case Study how, why no yes 

 
Figure 2-5: Different Research Strategies 
                                                   (Yin 1994, p.6) 

 
Large-scale surveys: Surveys are a common approach to research in business and management, 
offering an opportunity to collect large quantities of data or evidence (Saunders et al. 2003, 
pp.56-57). Surveys allow evidence to be gathered concering ‘who’ or ‘what’ or ‘where’ or ‘how 
many’ or ‘how much’, but are of less value when the researcher is asking about ‘how’ or ‘why’, 
i.e. questions with an open-ended character. Surveys are less suitable when questions are more 
profound and complicated (Leeuw 2003). As the designed methodology addresses for instance 
the initial positions of different stakeholders prior to the decision-making process and the 
processes/strategies they apply to realise an outcome of the decision as close as possible to their 
own position (see Chapter 8), surveys as a research strategy are considered less appropriate. It 
is assumed to be difficult to collect such confidential information using questionnaires only.17 
 
Case studies: Adopting case studies as a research strategy [qualitative research] means 
researchers cannot fully escape their personal influences due to the inherent involvement of the 
researcher in the research domain (Peshkin 1988; Maxwell 1992; Robson 2002). This is a 
potential source for criticism regarding the reliability and validity of the collected data. 
However, both Yin (1995) and Zwaan (1999) argue that case studies can be used for validation 
to check if certain theories are correct; the exact objective of the Testing phase. It was decided 
to use case studies as the research strategy during the Testing phase as well. Tactics to reduce 
or eliminate the criticism regarding the reliability and validity of the collected data are 
discussed in Section 2.7. Criteria used to select case study environments are described in 
Chapter 11. 
 

2.6 Time Horizon  
 
Software release decisions are taken in a limited time frame, and case studies in the Exploration 
and Testing phases are not aimed at studying change and development. The objective in the 
Exploration phase is to explore how software release decisions are made in a practical context, 
whereas the objective in the Testing phase is to validate the designed methodology. A cross-
sectional time horizon is therefore considered most appropriate.18  
 

2.7 Data Collection: Reliability and Validity 
 
Case studies are criticized for failing to meet the criteria for scientific, quantitative, research, 
namely: study reliability, construct validity, internal validity and external validity (Yin 1994, 
pp.34-38; Remenyi 2000, pp.179-181).  
                                                           
17 In Section 2.7, questionnaires are described as a data collection method, but used in combination with other data collection 
methods. 
18 The case studies conducted were retrospective studies, as opposed to longitudinal studies. 
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Stenbacka (2001) argues that study reliability has no relevance in qualitative research as it 
concerns measurements.  
 
Guba and Lincoln (1989) claim that the above criteria are not meaningful and should be 
replaced by confirmability, credibility, transferability and dependability. There is considerable 
debate among methodologists about the value and legitimacy of this alternative set of criteria 
for judging qualitative research (Golafshani 2003).  
 
Many quantitative researchers see the alternative criteria as just a re-labelling of successful 
quantitative criteria to accrue greater legitimacy for qualitative research. They suggest that the 
correct reading of quantitative criteria shows they are not limited to quantitative research and 
can be applied to qualitative data.  
 
Qualitative researchers may have a valid point about the irrelevance of traditional quantitative 
criteria. How can the external validity of a qualitative study that does not use formalized 
sampling methods be judged?  How can the reliability of qualitative data be judged when there 
is no mechanism for estimating the true score?  
 
In this study, Seale’s view (1999, p.226) is adopted, focusing on the trustworthiness of a study: 
‘the trustworthiness of a research report lies at the heart of issues conventionally discussed as 
validity and reliability’. To claim the trustworthiness of this study, the approach suggested by 
Yin (1994, pp.32-38) is followed in using the conventional criteria definitions and defining 
research tactics to eliminate, or at least reduce, possible criticism:19  

 Study reliability. For each case study, a case study database with various artefacts was 
created. For each series of case studies [Exploration and Testing phases] a case study 
protocol including questionnaires was first developed, enabling an independent person to 
establish a peer review or an audit on the research process followed (Yin 1994, p.94). 
Both in the Exploration and the Testing phases, this case study protocol, including 
questionnaires, was subject to review prior to the conduct of the first case study. The 
results of each case study were then archived, consisting of the returned questionnaires, 
interview recordings, accessed documentation and the approved case study report. 

 Construct validity. In each case study, multiple sources of evidence were looked for, also 
called triangulation, to obtain a synergistic view of evidence (Yin 1994, p.90; Stake 
1995, pp.110-115). Data collection methods used are questionnaires and interviews as 
primary sources, and documentation as a secondary source. A chain of evidence was 
established so that the route of data could be tracked to its sources (Yin 1994, p.98). 
Finally, the draft version of each case study report was reviewed by at least two key 
informants. At the end of the Exploration phase, a report covering the analysis of all case 
studies was written. This report was reviewed by all participating organizations as well as 
two independent reviewers. 

 Internal validity, defined as being of concern in causal and explanatory studies of the 
relationship between different events, can be demonstrated by sound argument even if all 
the evidence is not present (Remenyi et al. 2000). During the Explanation phase, pattern-
matching is used as the analytic strategy for analysis (Yin 1994, pp.106-110). During the 
Testing phase explanation-building is used as the analytic strategy for analysis (Yin 
1994, pp.110-113). As the case studies in both phases are post-mortem research, special 
attention is given to threats like perceptual inaccuracies [perceptions of past events may 
not be accurate], Halo effects [the informant is preconditioned to answer], memory recall 
biases [including forgetting and distortion (Schmidt and Calantone 1997)], and reflexivity 
[informants give answers the researcher would like to hear]. 

                                                           
19 Note that both Yin (1994, pp.94-99) and Remenyi et al. (2000, pp.177-179) stress the importance of using multiple sources 
of evidence, creating a case study database and maintaining a chain of evidence as principles of good practice. 
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 External validity, defined as concern with knowing whether the findings can be 
generalized to a wider context beyond the immediate research environment (Remenyi et 
al. 2000). For external validity, it may be difficult to predict from the results in one 
context what the results will be beyond that context. To deal with this problem, multiple 
case studies were conducted to create a context for falsification (Yin 1994; Zwaan 1999). 
This was considered especially important in the Testing phase of this study, concerned 
with the validation of the designed methodology. The objective should be to either 
predict similar results [literal replication] or to predict contradicting results under 
explicitly stated conditions [theoretical replication] (Yin 1994, p.46). Another choice 
made is that software manufacturer organizations could only be involved in either a case 
study in the Exploration phase or a case study in the Testing phase.  

 
In Figure 2-6, the applied tactics are summarized. 
 

Study Criteria Tactics 

Study reliability Case study database with artefacts 
Case study protocol and questionnaires (subject to review) 

Construct validity Multiple sources of evidence (triangulation) 
Case study report (subject to review) 

Report Exploration phase (subject to review) 

Internal validity Attention to perceptual inaccuracies, Halo effects, memory recall biases, reflexivity 

External validity Multiple case studies 

 
Figure 2-6: Tactics applied to Study Criteria 

 
A question is whether the use of intercoder agreement or inter-rater agreement [degree to 
which two or more researchers using the same materials and observing the same people 
produce essentially the same results] is necessary to guard against the introduction of subjective 
bias in the coding and analysis of qualitative data (Palys 1997). This subjective bias could have 
adverse consequences and lead to inappropriate theoretical conclusions and/or ineffective or 
harmful recommendations and interventions. Carey et al. (1996) suggest this approach should 
apply to all qualitative research; the implication being that a high intercoder agreement (high 
interpretive accuracy) will necessarily result in an authentic interpretation of the data and thus 
produce more credible findings. It was decided that for this study interpretive authenticity is 
best achieved when the interpretations made are reviewed by the study participants and 
additionally some independent reviewers. It is the study participants who know best the 
meanings they intended to convey through their responses. Put differently, the applied tactics 
for construct validity (use of multiple sources of evidence and reviews) were considered 
appropriate instruments to assure the quality of the interpretations made.  
 

2.8 Role of the Researcher 
 
The researcher prepared and co-ordinated the case studies and performed the later analysis. 
During case studies, it is considered important to establish a relationship between the researcher 
and the informant(s) where trust is established early during contact (Saunders et al. 2003, 
p.257). The researcher should also be aware that informants may want to give answers the 
researcher would like to hear (Yin 1994, p.80) or that informants may have reasons to hide 
certain information. To establish mutual trust and be aware of the possible effects of reflexivity 
requires experience in searching for reliable sources of evidence, and here the researcher has a 
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strong background in performing audits and assessments. Finding adequate substitutes, able to 
operate at the same experience level, was considered too difficult, and therefore it was 
concluded that the benefits of letting the researcher collect the data outweighed any negative 
aspects.  
 
The case studies conducted during the Exploration phase can be described as exploratory, 
whereas the case studies conducted during the Testing phase can be described as explanatory 
studies (Saunders et al. 2003, pp.96-98).  
 
This implies the following roles for the researcher.  

 During the Exploration phase, the role of the researcher is best characterized as observer 
and interpreter, trying to recognize and substantiate new meanings, hoping to connect to 
known theories (Stake 1995, p.97).  

 During the Testing phase, the role of the researcher is best characterized as observer and 
evaluator, trying to identify strengths and weaknesses of the methodology being 
validated (Stake 1995, p.96).  

 For both phases, it is considered important that the researcher does not become involved 
as a consultant, or express his ideas on how software release decision-making can be 
improved. This leads to another research strategy, namely action research (Remenyi 
2000, p.49; Saunders et al. 2003, pp.93-94). In this study, the researcher limits his 
activities to observing the study phenomenon, and conducting retrospective cross-
sectional case studies without intervention. To stress this choice and avoid possible 
problems, the researcher did not conduct case studies in software manufacturer 
organizations where he was, or had recently been, active as a consultant. 

 

2.9 Summary and Conclusions 
 
In this Chapter the overall research design, and the underlying research philosophy, the research 
approach and the research strategy are discussed, as summarized in Figure 2-7. The absence of 
a solid theory was the reason for following the theory development trajectory. The study has 
characteristics of both a posivistic and an interpretivistic research philosophy, and can probably 
best be classified following an inductive research approach. The appropriate research strategy 
for studying software release decisions in a practical context is found to be case studies, both 
for the Exploration and the Testing phases with a cross-sectional time horizon and different 
data collection methods [questionnaires and interviews as primary sources, and documentation 
as a secondary source]. Possible criticism regarding the study reliability and validity are 
reduced, or even eliminated, by defining appropriate tactics, and some considerations on the 
activities and role of the researcher in the case studies are discussed. 
 

Layer Exploration Phase Explanation Phase Testing Phase 
1: Research philosophy Positivistic / Interpretivistic 
2: Research approach Inductive 
3: Research strategy Case studies - Case studies 
4: Time horizon Cross sectional - Cross sectional 

5: Data collection method 
Interviews, 

Questionnaires, 
Documentation 

- 
Interviews, 

Questionnaires, 
Documentation 

 
Figure 2-7: Research Philosophy, Approach and Strategy 
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3 EXISTING THEORY 
 

“I conceive that a knowledge of books is the basis on which all other knowledge rests.” 
-- George Washington -- 

 

3.1 Introduction 
In this Chapter the literature study, to identify theory relevant to software release decisions, is 
presented. The study object of this study, as outlined in Figure 3-1, is software release decision-
making with the presence of strategic value.  
 

Software release
decisions

Economic perspective:
development strategies, financial approaches

Software perspective:
relationship cost and schedule

Decision-making perspective:
process, type, models

 
 

Figure 3-1: Identified Perspectives for Software Release Decisions 
 

The three disciplines involved are: 
Software Management. The study focuses on the decision-making process for software 
products. Opposed to physical goods, software has unique characteristics as information goods 
(Varin 2000). Software product development has some specific difficulties compared to other 
engineering disciplines, mainly in its unpredictability (Standish Group 2001, 2004). The focus 
of the literature study from this perspective is the theory on the relationship between cost and 
schedule in software product development and maintenance.  These are important trade-off 
parameters in software product development, from a project’s start, when selecting the product 
development strategy, until the release decision, deciding which market entry strategy will be 
most appropriate. 
Decision-making. An important aspect in the study is the decision-making process itself. 
Boehm and Sullivan (2000, p.2) note that there is an increasing need to understand how 
software design decisions, including release decisions, relate to business value creation, and 
they conclude that, in general, a gap exists between technical decisions and organization-level 
value maximization. Experimental research in psychology shows that engineering judgement is 
more trusted than it should be (Strigini 1996). The study of decision-making literature aims to 
reveal issues such as typical elements of a decision-making process, a classification of decision 
types, a description of decision-making models, models of choice, and decision success criteria 
that can be applied to decision-making. Motivation for this approach is that no literature could 
be identified which applied decision-making theory to software release decisions. At this stage, 
no attention is paid to behavioural aspects of decision-making, which will be addressed later in 
Chapter 8. 
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Economics. Strategic software release decisions are decisions with a possibility of large 
financial loss outcomes to the manufacturer and customers/end-users of the product. This 
includes the presence of high costs to reverse a decision once made, and, in general, these are 
decisions with a long-term horizon. From an economic perspective, software manufacturers 
make software products where the objective is, at least in theory, to maximize economic value, 
with strategic value an important input to economic value. Maximizing economic value 
depends on the market environment and internal strategic, and functional, characteristics of a 
manufacturer’s organization (Heijltjes and Witteloostuijn 2003). These determine the long-term 
business strategy to be followed and provide the basis for deriving a product development 
strategy for a specific product, or service proposition, and guidelines for organising 
development efforts (Rajala et al. 2003). A product development strategy sets the boundaries 
for the product, or service, to be developed, and this determines the initial release criteria. 
Theories about different product development strategies – setting the initial project boundaries 
and market entry strategies for release trade-offs – for different software manufacturer types are 
discussed in this study. 

 
The constraints laid on this review of existing theory are in agreement with Wisker (2001, 
p.127), who stresses the contextualising role of a literature review; it should not summarise all 
written work in a field, but rather highlight those aspects directly related to the study. The 
review of existing theory in this Exploration phase continues with an additional review of 
existing theory in the Design phase. In this phase, the focus is on exploring the study objective, 
whereas in the next phase the focus is on theory helping to answer additional [secondary] 
research questions, and identification of relevant theory on the methodology to be designed. 
 
Areas of interest identified from the economic perspective are discussed in Section 3.2, the 
software management perspective in Section 3.3, and the decision-making perspective in 
Section 3.4. All Sections conclude with a number of questions as input for the exploratory case 
studies. The economic perspective is the starting point, as it offers an introduction to the areas 
of interest discussed in the software management perspective. A summary and conclusions are 
given in Section 3.5.  
 

3.2 Economic Perspective 

3.2.1 Product Development Strategies 
 
To develop a product development strategy for a specific product, or service, an organization 
first determines its primary strategic orientation, or business strategy.20 An organization cannot 
be all things to all people, and should focus on what will distinguish it in the marketplace. In 
literature many techniques are available that support the analysis, choice and implementation of 
the business strategy for an organization.  
 
Heijltjes and Witteloostuijn (2003) distinguish three different schools, as follows:  

 Formulation School. This school focuses on the fit between environment and strategy. A 
well-known technique is the five forces analysis (Porter 1980); a means of identifying the 
forces which affect the level of competition in an industry. Distinction is made between 
the organization and its competitors, the customers or end-users of the product, the 
suppliers, the substitutes for the product and new potential entrants from other markets. 
Porter distinguishes three generic strategies to out-perform competitors or maintain a 
market position against competition (Porter 1980, pp.35-40): 
- Overall cost leadership: produce the same or better product at less cost; 

                                                           
20 A business strategy is considered to be different to a corporate strategy, stating an organization’s overall direction in terms 
of products, services, resources and growth. 



 EXISTING THEORY 

 

39

- Product differentiation: produce a unique product; 
- Cost, or differentiation, focus on a particular buyer group, market segment or 

geographic market. 
Porter considers that organizations failing to make a choice are likely to become stuck 
midway in the market.  
Other techniques in this school are: 
- PEST Analysis (Johnson and Scholes 1999, pp.104-107). This technique considers the 

environmental factors [political, economic, social and technological] affecting the 
organization [in the past, at present and in the future]. 

- Value Chain Analysis (Johnson and Scholes 1999, pp.156-160). This method 
describes the relationship between primary and support activities within, and around, 
an organization, and relates the result to an analysis of the competitive strength of the 
organization. 

- Comparative Analysis and Benchmarking (Johnson and Scholes 1999, pp.179-186). 
Distinction is made in a historical analysis by comparing the present position of an 
organization with previous years, and by a comparison with industry norms, or best 
practices, through analysing the relative performance of an organization in the same 
industry, or public service, against an agreed set of performance indicators. 

- SWOT Analysis (Johnson and Scholes 1999, pp.190-192). This analysis method 
summarises the key issues from an analysis of the business environment and the 
strategic capability of an organization. Carrying out an analysis using the SWOT 
framework helps an organization focus its activities on areas where the organization is 
strong and where the greatest opportunities lie.  

 Implementation School. This school focuses on matching organizational and structural 
elements to an organization’s strategy, with the motivation that manufacturing 
technology and management of resources are of central importance to the competitive 
positions of organizations (Heijltjes 1995). 

 Integration School. This school combines the perspectives of the previous two schools, 
combining environmental and organizational characteristics with strategy (Miller 1988). 

 
Defining a business strategy requires an identification of the market, and Iberele (2003) 
describes different software manufacturer types, each with typical characteristics, as in Figure 
3-2. 
 
Käkölä (2002) divides the market for software products and services into five major industry 
segments: 

 Professional software services [planning, building, integrating and maintaining 
customized software systems for individual customers]. 

 Enterprise solutions [relying on both products and professional services that adapt and 
integrate products for customers needs]. 

 Packaged mass-market software [design and sale of software products for the public]. 
 Internet-based applications rented by Application Service Providers. 
 Embedded software, including services. 

 
Successful software business strategies are: 

 Operational excellence – with a string focus on high quality and low costs. 
 Customer intimacy – providing complete solutions and seeking long-term relationships. 
 Product or service innovations – offering the best product in mass-markets. 

          (Treacy and Wiersema 1995; Rifkin 2001) 
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Software Manufacturer Type Typical Characteristics 

Custom systems 
written on contract 

Software made for one particular buyer 
Budget and schedule fixed 
Penalties for late delivery 

Custom systems 
written in-house 

Used to improve efficiency/effectiveness of internal organization 
Limited number of end-users 

Possible conflicting interests between IT-department/end-users 

Commercial software 
(business-to-business) 

Software sold to other businesses 
Many different buyers 

Critical to the buyer’s business 

Mass-market software 
(business-to-consumer) 

Software sold to individual buyers 
High volume buyers 

Market windows and buying seasons 

Commercial/mass-market firmware 
Cost of distributing fixes very high [physical items] 

Many to high volume buyers 
Failures can have fatal consequences 

 
Figure 3-2: Characteristics of Software Manufacturer Types  
        (Iberle 2003) 21 

 
When defining the business strategy for software products, traditional supply-demand pricing 
relationships do not necessarily apply. Software is an information good, and as such it carries 
the following properties (Varin 2000; Messerschmitt and Szyperski 2001): 

 Experience good. Consumers of software have limited ability to clearly see what they need. 
This introduces uncertainty for potential consumers and end-users of software. The quick 
pace of change, and high level of technology, enforces non-transparency of purpose and 
quality of software. 

 Returns to scale. Software typically has a high fixed cost of production but a low 
marginal cost of reproduction and distribution. The fixed costs for software are also sunk 
costs. If a software application is not successful the developments costs are usually not 
recoverable. 

 Public good. Software is typically non-rival and often non-excludable. Non-rivalry is a 
property of software itself and means the consumption of software does not diminish the 
volume available to other consumers. Non-excludability means one customer cannot 
exclude another from using the software.   

 
Traditional economy shows inverse properties: consumers can better see what they need and 
what is for sale - two products are made at twice the cost of one, private goods are often rival 
and excludable (DeLong and Froomkin 1999). These properties matched the economy for 
centuries past. The fit for the software industry is less satisfactory and may influence supply-
demand pricing relations (Messerschmitt and Szyperski 2001). 
 
The availability of an overall business strategy for the portfolio of products, and services, 
enables an organization to derive a product development strategy for the competitive 
positioning of a specific product proposition and guidelines on how to organize development 
efforts. Card (1995) sees the product development strategy to be chosen for a specific product 

                                                           
21 An issue not addressed in this overview is compliance to standards. In several markets standards have been defined to 
ensure, for example, the safety of software at a cost to the software manufacturer. Examples are: defence industry, aerospace 
industry and medical devices industry. These standards will have an effect on the way software is produced and released, 
especially if warranty conditions apply.  
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depending on the number of potential buyers and the competition level in the market, as in 
Figure 3-3.  
 

  Competition Level 
  Low High 

Few Unique functional requirements Lowest development cost 
Buyers 

Many First mover Highest quality 
 

Figure 3-3: Model of Software Markets  
            (Card 1995) 

 
Product development strategies identified by Card (Linders and Sassenburg 2004) are: 

 First mover. Involves getting a product to market fastest. This is typical of software 
manufacturers involved with rapidly changing technology or products with a rapidly 
changing fashion [small market window]. Pursuit of this strategy typically leads to trade-
offs in optimizing functional requirements, development cost and quality [e.g. reliability, 
safety]. 

 Lowest development cost. Focused on minimizing development cost or developing 
products within a constrained budget. It occurs, for example, when software 
manufacturers develop under contract for other parties, or where a company has severely 
constrained financial resources. It involves trade-offs with product features, time-to-
market and quality. 

 Unique functional requirements. Focuses on having the highest level of functional 
requirements [including aspects like the latest technology and/or product innovation]. It 
involves a trade-off of time-to-market, development cost and quality. 

 Highest quality [or lowest operational cost]. Focuses on assuring high levels of product 
quality. This is typical of industries requiring high quality because of the significant costs 
to correct a problem after product release [e.g. recalls in a mass market], the need for 
high levels of reliability [e.g. aerospace industry], or where there are significant safety 
issues [e.g. medical devices]. It corresponds with minimizing operational cost, and 
involves a trade-off of functional requirements, time-to-market and development cost. 

 
Not all product development projects within a product portfolio, or product development 
program, will necessarily have the same product development strategy: these may be different 
and often in conflict with each other (Mallick and Schroeder 2003). Some projects may intend 
the building of market share, others for revenue generation and others for market maintenance. 
Moore considers a product development strategy does not necessarily have to be constant over 
time, and presents a model, showing how a product development strategy shifts during the 
evolvement of a product (Moore 1995), as in Figure 3-4.  
 
 

Market 
Description Introduction Early 

Adopters Mainstream Late 
Majority End of Life 

Buyer Profile Technology 
enthusiasts Visionaries Pragmatists Conservatives Sceptics 

Importance 
1. Time-to-market 

2. Product features 

3. Reliability 

1. Time-to-market 

2. Product features 

3. Reliability 

1. Reliability 

2. Time-to-market 

3. Product features 

1. Reliability 

2. Product features 

3. Time-to-market 

1. Reliability 

2. Product features 

3. Time-to-market 

 
Figure 3-4: Product Development Strategy  
    (Moore 1995) 

 
Moore (1995) investigates why many new technology companies start with new inventions and 
rapid market growth, but collapse within the next three years. He explains the phenomenon by 
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recalling an earlier model of mindsets towards the adoption of technologies. Initial success is 
gained by selling products to technology enthusiasts and visionaries, who are quick to grasp the 
implications and care less about, for example, reliability. However, when the initial market 
becomes saturated, the attempt to sell the technology to pragmatists might fail as they care 
more about stability or reliability. Moore uses the metaphor of a chasm: the company 
leadership discovers too late that it does not communicate with the pragmatists, as illustrated in 
Figure 3-5.   

Technology
Enthusiasts

Visionaries Pragmatists Conservatives Skeptics

Th
e 

C
ha

sm

Early Market Mainstream Market

 
 

Figure 3-5: Market Chasm 
              (Moore 1995) 

 

3.2.2 Market Entry Strategies 
 
When a product development strategy for a specific product is chosen, an organization defines 
the initial boundaries of the project, as developing the product in terms of required product 
characteristics [product features, consisting of functional and non-functional requirements], 
schedule and costs. This can be regarded as the initial definition of the release criteria. 
However, the unpredictable nature of product development arising from incomplete and 
unstable requirements, or poor project performance, is a potential source for undermining the 
initial product development strategy. The external market environment may be dynamic, 
forcing an organization to continuously revisit the initial development strategy. As product 
development proceeds and releasing a product comes into sight, the trade-off between time-to-
market and product performance arises. A market entry strategy will not necessarily be in line 
with the initial product development strategy. 
 
In Figure 3-6 examples of possible profit models, when a manufacturer is faced with a release 
decision, are given (Sawhney 1999). When, for example, the entry of a new product is delayed 
in a market with heavy competition, the probability of the manufacturer capturing the 
advantages of early adopters will decrease, with a negative impact on revenue and profit. This 
effect might be less dramatic in a market with limited competition. A ‘rushed’ entry into market 
with a low quality product might also have a negative impact on revenues generated. Here the 
overall profit level may also decrease further from high operational costs for defect repairs.  
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Figure 3-6: Profit Models  
       (Sawhney 1999) 

 
The entry timing trade-off question is not unique to the software industry. Hatch and Macher 
(1999), for example, study the trade-off between time-to-market and manufacturing 
performance using the semiconductor industry as the empirical setting. The trade-off question 
is similar: find the optimal time to commercialise a new technology; whether to economise on 
time-to-market or economise on technology maturity. Delaying the transfer increases the cost 
of lost revenues and falling prices – transferring the technology too early creates manufacturing 
problems that could lead to product failure. The automotive industry is also confronted with the 
entry timing trade-off. Spending too much on quality issues, including safety, can result in a car 
manufacturer not making any money on their product, while spending too little can lead to a 
disaster. One can use a cost-benefit analysis to decide the economic justification, but in the case 
of safety-critical software products, human lives will be at stake. How does one measure the 
economics of saving a life, or preventing pain, when assigning a monetary value to human life? 
This is difficult and might even be unethical.22  
 
Time-to-market is a crucial factor for product success, and ‘first mover’ advantage is a well-
known strategy, but theoretical work has shown that, under certain conditions, there are later-
mover advantages (Dutta et al. 1995; Hoppe and Lehmann-Grube 2001; Lin and Saggi 2002). 
Tellis and Golder (1996) find supporting empirical evidence, showing that the failure rate for 
first movers, or pioneers, is high. Their results show there are second-mover, or follower, 
advantages for dynamic quality competition. Lévesque and Shepherd (2004) study the choice of 
entry strategy in emerging and developed markets taking the perspective of an entrepreneur or 
entrant. They develop a dynamic model capturing the concomitant consideration of two 
                                                           
22 Carchia (1999) summarizes a classic example where ethical aspects were involved, as in the release of the Ford Pinto. 
Design flaws involving the fuel system were not properly corrected. Ford used a cost-benefit analysis, placing a price on 
human life, and decided that it was not economically justifiable to fix the known problem immediately. The result was 27 
people killed and Ford ended up paying millions of dollars in legal settlements to accident victims, recalling cars to install a 
part to fix the problem, and dealing with a tarnished reputation (Birsch and Fielder 1994). 



 EXISTING THEORY 

 

44

important entry strategic decisions, namely, ‘should a manufacturer enter now or wait and enter 
later?’ and ‘to which degree should a manufacturer mimic the entry mechanisms of other 
manufacturers?’ They developed an optimal stopping rule prescribing an entrepreneur’s entry 
and mimicry decision. The resulting decision rules suggest one of three decisions of entry 
strategy: (1) delay entry, (2) enter with low mimicry entry mechanism, or (3) enter with a high 
mimicry entry mechanism. They argue that the cost/benefit ratio from using a high mimicry 
entry strategy is lower for manufacturers entering emerging economies than it is for 
manufacturers entering developed economies. 
 
Release policies specific for software products have been studied. Cottrell (2000) examines the 
software release decision under monopoly and duopoly market structures for different network 
benefits, as in Figure 3-7.23 For the monopolist, he concludes that, under a constant network 
benefit, it is in the monopolist’s interest to release a product with significant quality, while 
under a stochastically-evolving network benefit lower-quality products may be released. In the 
duopoly market structure, product quality is always lower. If the first entrant captures the entire 
network benefit software products are released immediately upon completion [often without 
significant testing], whereas with a muted network effect, the release is delayed. Although the 
value of this model as a high-level release policy is not questioned, it can be criticized as being 
too general to be useful in supporting software release decision-making. The focus is on 
reliability, ignoring the functional and other non-functional requirements of a product. The 
market entry strategy chosen will also depend on the relationship [history, reputation] between 
a manufacturer and customer(s)24, and the phase of the product life-cycle (see Figure 3-4). Even 
knowing lower reliability might be acceptable in, for example, a duopoly market structure does 
not provide guidance in determining the acceptable reliability level, or the right release 
moment. 
 

 Market Structure 
Network Benefit Monopoly Duopoly 

Constant Very high Very low 
Stochastic High Low 

 
Figure 3-7: Product Quality Levels 
              (Cottrell 2000) 

 
Arora et al. (2003) present an economic model for fixing software failures after the product has 
been released in the market. They claim that in the software industry repair, or patching, 
investment and time-to-market are strategic complements, as higher investments in patching 
capability allow a software manufacturer to enter the market earlier, offering the possibility of 
increasing the profit level over the total product life-cycle. They conclude that in a market with 
duopoly competition products are released earlier than in a monopoly market. The same 
criticism [not providing guidance in determining the acceptable reliability level, or the right 
release moment] is applicable to these models, but some specific assumptions in the model can 
also be criticized. It assumes the marginal cost of repairing multiple copies of defective 
software by issuing patches can effectively be zero for a large number of users. However, repair 
costs can be extremely high, for example, in the case of firmware. The model further assumes 
that users are fully aware of the quality of the software product, which is an invalid assumption 
with software being an information and experience product.  
 
Software release decisions have also been studied in the field of game theory – an approach to 
decision analysis assuming competitors are likely to react to any moves an organization makes, 

                                                           
23 Network effects arise when a product becomes more valuable as more users adopt the same, or compatible, products. 
24 Customers can decide whether to buy from an organization on the basis of past quality decisions [reputation]. When 
consumers are perfectly informed about an organization’s past quality decisions, they can punish an organization that 
produces low quality, by not patronizing it thereafter (Kranton 2003). 



 EXISTING THEORY 

 

45

or that the organization will need to react to competitor moves. Games can be seen as conflict 
situations in which decision-makers have their own set of alternatives from which to choose. 
Zhao (2002) conducts a study in this area on competition between an incumbent and an entrant, 
focusing on three decisions: the amount of investment in a project, the timing of the new 
product introduction and the magnitude of performance improvement. He concludes that both 
the incumbent and the entrant should emphasize quality over time-to-market. Studies, 
simulating, for example, two players in a competitive market, with virtually identical software 
products (Zeephongsekul and Chiera 1995; Zeephongsekul 1996; Dohi et al. 2000), are also 
considered too general and lacking practical application.25 
 

3.2.3 Conclusions on Software Release Decisions 
 
Product development strategies, aligned with business strategies, are important as they define 
the scope of product development projects as the basis for the initial definition of release 
criteria. They depend on many factors, such as the external environment, the organization’s 
strengths and weaknesses, the phase within the product’s life-cycle and concurrency with other 
products in the same portfolio. Product development strategies normally change during product 
development due to dynamics in the external environment and/or differences between the actual 
and planned project performance, forcing a manufacturer to continuously revisit the initial 
release criteria. Models of different market entry strategies for different market structures are 
discussed, but assessed as too general and/or too theoretical to support software release 
decisions in a practical context. 
 
To gain a better understanding of how software release decisions are made in a practical 
context, and from an economic perspective, the following areas of interest in exploratory case 
studies are identified: 

1. Which product development strategies do different software manufacturer types use? 
2. Do law-like generalizations for product development strategies exist, as in Moore’s 

model? 
3. Which market entry strategies do different software manufacturer types use? 

 

3.3 Software Management Perspective 
 
The focus of the literature study on this perspective is on theory concerning the relationship 
between cost and schedule in software product development and maintenance. The three issues 
investigated are:26 

 Models describing the relationship between development cost and schedule [time]. These 
models support the selection and formulation of a product development strategy during 
the project proposal phase. 

 Models to determine the optimal release time. These models support the derivation of the 
market entry strategy.  

 Models to estimate expected post-release operational costs – an important input to the 
market entry trade-off. 

 

                                                           
25 One diffculty in the general applicability of game theory results from the assumptions necessary to reduce the complexity 
of practical situations (Johnson and Scholes 1999, p.382). 
26 No attention is given to project management methodologies [e.g. PRINCE2 and PMBOK], maturity models [e.g. CMMI], 
standards [e.g. ISO/IEC 9001, ISO/IEC 15288, ISO/IEC 12207, and ISO/IEC 14598], testing standards and approaches [e.g. 
BS7925-2, IEEE 1008, TMap, TPI, and TMM], and operational methodologies [e.g. ITIL and IT Service CMM]. These are 
discussed in Section 1.4 and reveal limited attention to software release decisions. They do not, furthermore, address the 
relationship between cost and schedule in software product development and maintenance, which is of primary concern here.  
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3.3.1 Development Cost and Schedule 
 
Software product development is characterized by unpredictability, and there are often large 
discrepancies between the initially planned and actual project objectives. The unpredictability 
of software product development is not new. Genuchten (1991), for example, studies this 
phenomenon to find reasons why software projects are often late. This unpredictability seems to 
increase. The Standish Group (2001) reported in 2001 an average cost overrun of 189%, an 
average schedule overrun of 222%, failure in meeting expectations of 61%, and only 28% of 
successful projects, a situation that has since worsened (Standish Group 2004).  
 
Estimation of software cost and time schedules is a major topic in the software industry and has 
attracted the attention of researchers and practitioners, with software development cost 
estimation approaches developed. Several studies survey, and compare, existing software 
development cost estimation approaches (Fenton and Pfleeger 1997; Boehm and Abts 2000; 
Briand and Wieczorek 2000).  
 
Boehm and Abts (2000, p.2) distinguish the following software estimation techniques: 

 Model-based. These are mathematical, parameterised, models. By fitting data points 
from known projects the algorithm is derived.   

 Expertise-Based. These use the opinions of experts who have past experience both in the 
software development techniques and the application domain. 

 Learning-Oriented. Combine case studies [extrapolation from specific examples] and 
neutral networks [automation of improvements in the estimation process by building 
models that learn from previous experience]. 

 Dynamics-Based. Explicitly acknowledge that project factors, like effort and costs, are 
dynamic rather than static over time.  

 Regression-Based. Used in conjunction with model-based techniques. 
 Composite. Incorporate a combination of two or more techniques to formulate the most 

appropriate functional form for estimation. 
 
The most widely applied models are the mathematical, parameterised models (Boehm and Abts 
2000, p.4). These models derive their algorithms by fitting data points from known projects 
[regression]. All models have the form:   

 E  =  C1 + C2 . S C3       (3.1) 
with: 

E:  effort in person months 
S:  size of the product, expressed either in lines of code or function points 
C1, C2, C3: constants 

 
To illustrate the practical implementation of such models, two examples of widely used models 
are discussed, namely COCOMO II (Boehm et al. 2001) and SLIM-Estimate (Putnam and 
Myers 1992). Both models are based on empirical relationships between project dimensions, as 
shown in Figure 3-8.  
 

Driver Schedule Effort Defect Density 
Product size + + + 
Productivity - - - 

 
Figure 3-8: Empirical Relationships  
      (Sassenburg 2002a) 
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Increasing product size requires a lengthened schedule and/or increased effort, while defect 
density increases (see also Section 1.2). Increasing productivity has a positive effect on time 
schedule and/or effort, and defect density will decrease. But, as can be derived from equation 
3.1, the relationships are not linear and accelerating a schedule is only a limited possibility. 
 
COCOMO II distinguishes three separate models (Boehm et al. 2001): 

1. The Application Composition Model involves prototyping to resolve potential high-risk 
issues such as user interfaces, software/system interaction, performance and technology 
maturity. The model might be used during the earliest phases of a project, and during any 
other prototyping later in a project. The function used to calculate effort takes, as input, 
the estimated number of so-called new object points [NOP, comparable to function 
points] and the productivity rate PROD [determined by both the developer’s 
experience/capability and the maturity/capability of using an integrated CASE 
environment (ICASE)]. 

 E  =  NOP / PROD       (3.2) 

 
2. The Early Design Model involves exploration of alternative software/system 

architectures and concepts of operation. During this product design phase, not enough is 
generally known to support fine-grain cost estimation with a high level of accuracy. The 
function used to estimate effort E takes as input the estimated size, seven cost drivers and 
five scaling factors.27 

 E  =  2.94 SizeB . Π EMi       (3.3) 

 B  =  0.91 + 0.01 . Σ SFj      (3.4) 
 

3. The Post-Architecture Model involves the actual development and maintenance of a 
software product. Once the life-cycle architecture has been defined, detailed information 
should be available to assign values to seventeen cost drivers, whereas the five scaling 
factors are the same as used in the Early Design model. 

 E  =  2.94 SizeB . Π EMi       (3.5) 
 
In all models the formulae to estimate the needed development schedule TDEV is:  

TDEV =  3.67 E (0.33 + 0.2 (B – 1.01) . SCED% / 100    (3.6) 
 

The SCED variable is used to express the required compression/expansion percentage for the 
schedule. It is also one of the cost drivers for effort. Compression of the development schedule 
results in a higher effort.  
 
SLIM-Estimate is a constraint model, which can be applied to projects exceeding 70,000 lines 
of code. This model, developed by Putnam and Myers (1992), assumes that effort for software 
projects is distributed similarly to a collection of Rayleigh curves. Different Rayleigh curves 
are used for design and code, test and validation, maintenance and management. This 
assumption is based on the work of Norden (1963), who observes that the Rayleigh curve is a 
good approximation of the manpower curve for various hardware development processes.  
 

                                                           
27 The cost drivers are multiplicative factors that determine the effort required to complete a software project. They are 
grouped into four categories: product, platform, personnel and project. The selection of five scale drivers is based on the 
rationale that they are a significant source of exponential variation on a project’s effort or productivity variation. (Boehm et 
al. 2001). 
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The model is described by two equations. The first equation, software equation, describes the 
development effort as proportional to the cube of the size, and inversely proportional to the 
fourth power of the development time: 

 Size  = C . E 1/3 . TDEV 4/3      (3.7) 
with: 

C:  technology factor 
E:  total project effort in person years (after product design) 
TDEV:  lead-time to delivery in years (after product design) 

 
The technology factor C is a composite cost driver and reflects, for example, process maturity, 
management and engineering practices, state of the development environment, skills and 
experience level of the team, and the complexity of the application. These cost drivers can be 
compared with those described in COCOMO II. 
 
The second equation, manpower-buildup equation, describes the effort as proportional to the 
cube of the development time: 

 D0  = E / TDEV3       (3.8) 
with: 

D0:  manpower acceleration 
E:  total project effort in person years 
TDEV:  lead-time to delivery in years 

  
Combining the two equations leads to the formula for effort (Fenton and Pfleeger 1997, 
p.444):28 

 E  =  (Size / C) 9/7 . D0 4/7      (3.9) 
 
These equations can support software manufacturers in making trade-offs between functional 
requirements, quality, cost and schedule [time-to-market]. They further offer the possibility of 
setting realistic objectives prior to the development of a software product. The cost versus 
schedule trade-off is an especially important one. Having computed a nominal value for 
schedule, a software manufacturer may face the question of adjusting the schedule to either 
deliver the software product at an accelerated pace, or to improve efficiency. Any adjustment to 
the schedule will have a cost impact. There is an optimal time To, in terms of a combination of 
development schedule and required resources [costs]. Increasing development time, up to To, as 
the optimal development time in terms of costs, can reduce costs. As a schedule is further 
stretched, the costs again begin to climb. Accelerating the schedule is possible, but the cost 
penalties are severe. As shown in Figure 3-9, costs increase exponentially as the schedule is 
accelerated.  
 
Both models acknowledge that a barrier exists for schedule acceleration called the impossible 
region, as in Figure 3-9. Empirical research shows that using existing development approaches, it is 
impossible to accelerate a schedule beyond this barrier (Putnam and Myers 2003), as a minimal 
development time Tmin exists.  
 

                                                           
28 Note this equation is similar the one used in COCOMO II: schedule is proportional to the cube root of effort and effort is 
proportional to size, to a power constant greater than 1. 
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Figure 3-9: Development Time versus Effort/Costs 
 
For software manufacturers willing to accelerate their schedules for product development, two 
options can be considered.  

 In the first place, as discussed in Section 1.3, an option is to improve software 
productivity, for example, by implementing a process improvement program. However, 
it is concluded that the scope for improvement is limited when comparing the best 
software manufacturer organizations with the worst (Jones 1998).  

 Secondly, the schedule can be accelerated by reducing the net software size to be 
developed, by either re-using existing internal software and/or using software developed 
by a third party. 

 
These traditional regression-based models have problems and can be criticized (Fenton and 
Pfleeger 1997, pp.445-448; Shepperd and Schofield 1997). Fenton et al. (2004) note that these 
classic models provide limited support for managerial decision-making when faced with trade-
off questions, such as: 

 For a problem of a given size, and given limited resources, how likely is a project to 
achieve a software product of suitable quality? 

 Where a resource-constraint and quality cannot be sacrificed, what are the staff 
requirements to build the software product with these limited resources? 

 
Fenton et al. (2004) promote the idea of causal models, using Bayesian nets, to provide relevant 
predictions when making such tradeoffs. A Bayesian net is a graphical network together with 
an associated set of probability tables. The nodes in the net represent uncertain variables and 
the arcs in the net represent causal/relevance relationships between the variables. The 
probability tables for each node provide the probabilities of each state of the variable of that 
node. For nodes without parents there are just marginal probabilities while for nodes with 
parents these are conditional probabilities for each combination of parent state values. Once a 
Bayesian net is established, evidence about variables [as soon as available] can be entered. All 
the probabilities are updated accordingly, offering valuable information on variables one is 
interested in predicting. 
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In Figure 3-10, the overall causal model for resource estimation in the form of a Bayesian net is 
given, consisting of six subnets: 

 Distributed communications and management: variables that capture the nature and scale 
of the distributed aspects of the project, and the extent to which these are well managed. 

 Requirements and specification: variables relating to the extent to which the project is 
likely to produce accurate and clear requirements and specifications. 

 Process quality: variables relating to the quality of the development processes in the 
project. 

 People quality: variables relating to the quality of people working on the project. 
 Functionality delivered: all relevant variables relating to the new functionality delivered 

on the project, including effort assigned to the project. 
 Quality delivered: all relevant variables relating to both the final quality of the system 

delivered and the extent to which it provides user satisfaction. 
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Figure 3-10:  Schematic for a Project Bayesian Net  
        (Fenton et al. 2004) 

 
Some initial results using this approach have been reported (Fenton et al. 2004), but further 
research in this area is required.  
 
Although the models presented can be of help during the various phases of a project, the 
usefulness of the software cost estimation models is limited towards the end of product 
development, when the project is faced with the release decision itself. Projects normally end 
with a testing phase, in which the crucial question is: When can testing be stopped so the 
product can be released? To answer this question, additional models have been developed to 
determine the optimal release time, and an overview of these models is given in the next 
Section. 
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3.3.2 Optimal Release Time 
 
The crucial question during the testing phase of a product is: when can testing be stopped so the 
product can be released? Literature on software testing has appeared since the beginning of 
computer science (Goodenough and Gerhart 1975; Myers 1979). Software testing involves any 
activity aimed at evaluating an attribute, or capability, of a software product and determining 
that it meets specified requirements (Hetzel 1993). Software testing involves both verification 
and validation of the software product. Verification is the activity that ensures ‘the product is 
built right’. Validation is the demonstration that the software implements each of the stated 
software requirements, for a specific intended use, correctly and completely, confirming ‘the 
right product is built’.  
 
Although software is not unlike other physical processes where inputs are received and outputs 
produced, it differs in the manner in which it fails and this influences the verification and 
validation process: 

 Detecting and removing design defects in software is difficult, as unlike most physical 
systems such as hardware, most of the defects in software are not manufacturing defects 
but design errors, which are harder to visualize, classify, detect and correct (Lyu 1995). 
This is also true for reliability. The unreliability of hardware systems tends to be 
dominated by physical failures, whereas the reliability in software arises from human 
intellectual failures (Keene 1994). Once the software is released, the residing defects are 
embedded in the product and remain latent until activation. Other distinct characteristics 
of software compared to hardware are (Keene 1994): 
- Wear-out. Software does not have energy related wear-out phases. 
- Repair. Software failures can possibly be fixed with periodic restarts. 
- Time dependency / life cycle. Software reliability is not a function of operational time. 
- Environmental factors. These factors do not influence software reliability. 

 Detecting and removing design defects in software is difficult, as the possible input 
combinations thousands of users can make across a given software interface are simply 
too numerous for testers to apply them all (Whittaker 2000). Because software is a digital 
system, testing boundary values is insufficient for verification. In theory, all the possible 
values need to be tested and verified. Complete testing is, however, not realistic.29 In 
practice, software programs have multiple different inputs, where timing, unpredictable 
environmental effects and human interactions generate virtually infinite numbers of 
distinct input combinations. Testing may be effective in showing the presence of defects, 
but it is inadequate for showing their absence. As described in Section 1.2.2, the number 
of tests required achieving any given level of test coverage increases exponentially with 
software size. 

 Another complicating factor stems from the dynamic nature of software (Harrold 1999). 
If a failure occurs during testing software version n and the code is changed, the new 
software version n+1 may now work for the test case(s) where it didn’t previously work. 
But its behaviour on other pre-error test cases, previously passed, is not necessarily 
guaranteed. Any specific fix can (a) fix only the problem reported, (b) fail to fix the 
problem, (c) fix the problem but damage something that was previously working, or (d) 
fail to fix the problem and damage something else (Whittaker 2000). To account for this 
possibility, testing should be restarted. However, the incurred costs of re-executing all 

                                                           
29 Consider, for example, a well-known program which finds the greatest common divisor of two positive integers, with an 
upper limit of 1,000 on the input values. To exhaustively test this program it is necessary to choose every combination of the 
two inputs, leading to [1,000 x 1,000] possible distinct input combinations If the program is modified to allow input in the 
range 1 to 1,000,000, and include a further input [so it is now finding the greatest common divisor of three numbers] then the 
input domain grows to [1,000,000 x 1,000,000 x 1,000,000] distinct input combinations. If it was possible to create, run, and 
check the output of each test in one-hundredth of a second, then it would take over 317 million years to exhaustively test this 
program. 
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previous test cases are often prohibitive. So, the question arises how much retesting 
[regression testing] of version n+1 is necessary using the tests that were run against 
version n. 

 
Independent of how the testing process is organized and how test cases are selected (See Beizer 
1995; Hetzel 1993), at some point in time questions will arise as to how reliable the software 
product is; how long the software will run before it fails; and how expensive the software will 
be to maintain? Reliability, defined as the probability that a product will operate without failure 
under given conditions for a given time interval, is an important non-functional requirement to 
take into account when the release trade-off question is raised. If testing, as the last project 
stage, is stopped too early, significant defects could be released to intended users and the 
software manufacturer could incur the post-release cost of fixing resultant failures later. If 
testing proceeds too long, the cost of testing and the opportunity cost could be substantial. 
Littlewood and Strigini (2000) point out that the increasing ubiquity of software stems from its 
general-purpose nature, causing serious problems in achieving sufficient reliability and 
demonstrating its achievement.30  
 
Two types of software reliability models are available (Reliability Analysis Center 1996): 

 Software reliability prediction models [also referred to as quality management models, 
see Kan 2003] address the reliability of the software early in the life-cycle, at the 
requirements, design or coding level, using historical data. The reliability is, for example, 
predicted using fault density models and uses code characteristics, such as lines of code 
and nesting of loops, to estimate the number of faults in the software.  

 Software reliability estimation models [also referred to as reliability growth models, see 
Kan 2003] evaluate current and future reliability from faults, beginning with the 
integration, or system testing, of the software. The estimation is based on test data. These 
models attempt to statistically correlate defect detection data with known functions, such 
as an exponential function. Figure 3-11 summarises the main differences between these 
two types. 

 
Issues Prediction Models Estimation Models 

Data reference Uses historical data Uses data from the current 
software development effort 

When used in the 
development cycle 

Usually made prior to coding 
and test phases; can be used 

as early as concept phase 

Usually made later in the product 
life-cycle during testing (after some 

data have been collected) 

Time frame Predict reliability at some 
future time 

Estimate reliability at either present 
or some future time 

 
Figure 3-11: Differences between Prediction and Estimation Models  
     (Reliability Analysis Center 1996) 

 
Software reliability prediction models use characteristics of the software and the software 
development process, throughout the development cycle, and extrapolate to operational 
behaviour. Some examples are: 

 Phase-Based Model (Gaffney and Davis 1988; Kan 2003). This model assumes that 
faults in the different development phases follow a Rayleigh density function. Further 
assumptions are that the staffing level is directly related to the number of faults discovered 
during development and that estimates for the code size are available during the early 
phases of the development cycle. The formula used is: 

                                                           
30 Sources for this phenomenon are the difficulty and novelty of problems tackled, the complexity of the resulting solutions, 
the need for short development cycles and the difficulty of gaining assurance of reliability, because of the inherently discrete 
behaviour of discrete systems (Littlewood and Strigini 2000). 
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ΔVt  = E [ e -B(t-1)2 – e -Bt2 ]     (3.10) 
 

Parameters B [based on defect discovery phase constant] and E [total lifetime fault rate, 
expressed in fault density] are estimated as data becomes available. The time t is the life-
cycle phase index [e.g. 1 for Requirements Analysis, 2 for Software Design]. 

 Rome Laboratory or RADC Model (Rome Laboratory 1987). In this model several 
factors related to fault density are selected: application type, development environment, 
requirements and design representation metrics [such as reviews], and software 
implementation metrics [such as language type, modularity and complexity]. These 
factors are used to compute the initial fault density prediction δ0; which value is used to 
predict the initial failure rate. 

 COQUALMO (Chulani 1999). This model has two sub-models: the Defect Introduction 
(DI) and Defect Removal (DR) models. The DI-model is formulated using the product, 
process, computer and personnel attributes [based on COCOMO II] and predicts the 
number of faults to be introduced in the different development phases. The DR-model 
estimates the number of faults removed by several defect removal activities [like 
reviews], each of them with six different levels of detection/removal efficiencies.  

 Orthogonal Defect Classification (Chillarege et al. 1992). This concept enables in-
process feedback to developers by extracting signatures on the development process from 
defects. The methodology classifies software defects and provides a set of concepts that 
supports guidance in the analysis of defects data. ‘Orthogonal’ refers to the non-
redundant nature of information captured by the defects attributes and their values used 
to classify defects (Bassin et al. 2002; Butcher et al. 2002; Linders and Sassenburg 
2004). 

 
Although software reliability prediction models can be applied during the entire product 
development process, software reliability estimation models have been formulated to find the 
optimal release time for software products. These models have in common the support of the 
trade-off between three dimensions cost, time and quality during the test phase, i.e. when the 
project is nearing the release date. These models take the general form (Xie 1991; Boland and 
Singh 2002):31 

 Cto(t) = It(t)    +  Ms(t) 
= i1 . m(t)  + i2 . t  +  m1  . [ m(∞) – m(t) ]  (3.11) 

with:  
 Cto(t):   total cost of testing and removing faults during testing/operation phase 

It(t):  total cost of testing and removing faults during testing phase 
Ms(t):  total cost of testing and removing faults during operation phase 
i1:  expected cost of removing a fault during testing phase 
i2:  expected cost per unit time of testing 
m1:  expected cost of removing a fault during operation phase 
m(t):  expected mean number of faults detected in time (0,t]  32 

 
The mean value function m(t) is often described as an increasing, strictly concave function. 
There are many functions that can satisfy these conditions. In many studies the Goel-Okumoto 
[or exponential] model is used (Kimura et al. 1999; Xie and Yang 2003). The exact form of the 
mean value function is the objective of many studies and is derived from the failure rate of a 
                                                           
31 The original equation is C(t) = c1 . m(t) + c2 . [ m(∞) – m(t) ] + c3 . t. This equation has been slightly rewritten by making 
an explicit distinction between the total cost of testing and removal of faults during the testing phase It(t) and the total cost of 
testing and removal of faults during the operation phase M(t) to enable comparison with equations used later in Chapters 6 
and 7.  
32 The mean value function is derived from the intensity function h(x): m(t) = ∫ h(x)dx,  and offers the possibility of 
calculating the cumulative MTBF [Mean Time Between Failures]: MTBF(t) = 1 / m(t). This is often a stated requirement for 
reliability. 
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software product under test. In the Goel-Okumoto model, a non-homogeneous Poisson process 
(NHPP) is used to model the failure process. The failure rate generally decreases due to 
detection and removal of faults. At any time [present time], it is possible to observe the history 
of the failure rate [present failure rate], as in Figure 3-12. Software reliability estimation models 
forecast the curve of the failure rate from statistical evidence. 
 

specified
goal

present
time

estimated
finish time

present
failure rate

fa
ilu

re
 r

at
e

testing time

 
Figure 3-12: Basic Software Reliability Estimation Modelling 

 
Gokhale et al. (1996) investigate available software reliability estimation models, and classify 
these as depicted in Figure 3-13.33 
 
Characteristics of the different categories of models are (Gokhale et al. 1996): 

 Error Seeding. The software product with an unknown number of faults is seeded with a 
known number of faults and subjected to rigorous testing. An estimate of the actual 
number of faults is obtained by determining the ratio of the discovered seeded faults and 
discovered actual faults. Mill’s Hypergeometric model falls in this category (Mills 1972). 

 Input-domain. The reliability of the software is measured by exercising the software with 
a set of randomly chosen inputs. An estimate of the actual number of faults is obtained 
by determining the ratio of the number of inputs that resulted in successful execution and 
the total number of inputs. The model proposed by Thayer et al. (1976) belongs in this 
category. 

 Homogenous Markov Models. These models assume that the initial number of faults in a 
software product is unknown. The failure intensity depends upon the number of residual 
faults. Examples of models in this category are the Jelinski-Moranda model (Jelinski and 
Moranda 1972), the Littlewood model (Littlewood 1981) and the Goel-Okumoto 
Imperfect Debugging Model (Goel 1985). 

 Non-homogenous Markov Models. The number of faults is assumed to be a random 
variable, most often assumed to display the behaviour of a Non-Homogeneous Poisson 
Process (NHPP). Distinction is made between finite and infinite models, addressing 
whether or not the expected number of failures observed during an infinite period of time 
is finite. Examples include the Goel-Okumoto model (Goel 1985) and the Delayed S-
shaped model (Ohba 1984). 

                                                           
33 See also Kan (2003), who distinguishes time between failure models and fault count models.  
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 Semi-Markov Models. The initial number of faults is assumed to be unknown but fixed. 
The failure intensity depends on the number of residual faults in the software and time 
elapsed since the last failure, an example being the Schick-Wolverton model (1973). 

 Others. Some time-domain models are developed, which can neither be classified as 
homogeneous Markov, non-homogeneous Markov models nor as Semi-Markov models: 
examples being Bayesian models like the Littlewood-Verall Bayesian model (Abdel-
Ghally et al. 1986). 
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Figure 3-13: Classification of Software Defect Prediction Models  
               (Gokhale et al. 1996)34 

 
Using a reliability model, one can determine the optimal release time T*; defined as the time 
that minimizes the total cost C(t), which is the sum of test cost and operational cost:35 

dCto(t) /dt = 0       (3.12) 
 
Many models can be found in literature, all based on the initial cost model described by 
Okumoto and Goel (1980). Models are described, for example, by Yamada and Osaki (1986); 
Brettschneider (1989), presenting a simplified decision-making model; Ehrlich et al. (1993); 
Yang and Chao (1995); Boland and Singh (2002); Hou et al. (1997), incorporating the penalty 
cost when the software is delivered after the scheduled delivery time; Pham and Zhang (1999), 
incorporating warranty and risk cost; Xie and Yang (2003), incorporating the effect of 
imperfect debugging on software cost; Huang et al. (1999),  incorporating ways to improve test 
efficiency; Kimura et al. (1999) incorporating warranty cost; Yamada et al. (1993), 
incorporating life-cycle distribution and applying discount rate; Pham and Zhang (2003), 
incorporating test coverage: Kapur and Garg (1989), incorporating penalty cost; and Leung 
(1992), incorporating a budget constraint.  
 
Software testing is a trade-off between functionality, budget, time and quality, where the 
objective is, at least in theory, to maximize economic value. However, ‘What happens if the 
project is behind schedule, or over budget, when it reaches the testing phase?’ In general, 
reducing functionality is not an option as the requirements have already been specified, 

                                                           
34 A model is Markovian if the next test results only depend on the presently encountered state [present time, the number of 
faults found and remaining and the overall parameters of the model].   
35 This can be seen as a cost of software quality approach. This approach distinguishes between control costs (prevention and 
appraisal) and failure costs [internal and external] described for example by Knox (1993), Krasner (1998) and Dobbins 
(1999). The control and failure costs have an inverse relationship to one another: as the investment in achieving quality 
increases [higher control costs], the costs due to lack of quality decrease [lower failure costs]. This relationship can be shown 
as a set of two-dimensional curves, which plot costs against a measure of quality. The total cost of quality, obtained by adding 
the two curves, will show a minimum prior to achieving 100% of the quality measure, being the point of diminishing returns 
(Sassenburg 2002a). 
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designed, documented and coded.36 So, budget and time [release now without spending more, 
but with a certain number of defects] are traded against improved quality through continued 
testing [release later with less defects but additional test budget]. In theory, the software 
reliability estimation models presented not only offer the possibility of determining the optimal 
release time, but also the possibility of determining the effects of a time, or budget, constraint. 
Where a software manufacturer is faced with a time-constraint [fixed schedule delivery] or a 
budget-constraint [limited cost], it is possible to make predictions of the operational cost based 
on the reliability level at release time. A software manufacturer might further be faced with a 
reliability-constraint [minimal reliability requirement], and these models can help determine the 
time and test cost for reaching this requirement, and the expected operational cost after product 
release. 
 

Assumption Reality 

Faults are repaired 
immediately when 

discovered 

Faults are not repaired immediately. A work-around may be to leave out 
duplicates and to accumulate test time if a non-repaired fault prevents other 
faults from being found. Fault repair may introduce new faults. It might be the 
case that newly introduced faults are less likely to be discovered as retesting 
is not as thorough as the original testing. 

No new code is 
introduced in testing 

It is frequently the case that fixed or new code is added during the test period. 
This may change the shape of the fault detection curve.  

Faults are only 
reported by the 
testing group 

Faults may be reported by lots of groups due to parallel testing. If the test time 
of other groups is added, there is a problem of equivalency between an hour 
of the testing group and an hour of other groups [types of testing may differ]. 
Restricting faults to those discovered by the testing group eliminates 
important data. 

Each unit of time is 
equivalent 

The appropriate measure of time must relate to the test effort. Examples are: 
calendar time, execution time and number of test cases. However, potential 
problems are: the test effort is asynchronous [calendar time], some tests 
create more stress on a per hour basis [execution time] and tests do not have 
the same probability of finding a fault. 

Tests represent 
operational profile 

It is hard to define the operational profile of a product, reflecting how it will be 
used in practice. It would consist of a specification of classes of input and the 
probability of their occurrence. In test environments tests are continually being 
added to cover faults discovered in the past.  

Tests represent 
adoption 

characteristics 

The rates of adoption, describing the number and type of customers who 
adopt the product and the time when they adopt, are often unknown. 

Faults are 
independent 

When sections of code have not been as thoroughly tested as other code, 
tests may find a disproportionate share of faults. 

Software is tested    
in isolation 

The software under testing might be embedded in a system. Interfaces with 
e.g. hardware, can hamper the measurement process [test delay due to 
mechanical or hardware problems, re-testing with adjusted mechanical or 
hardware parts]. 

Software is a     
black-box 

There is no accounting for partitioning, redundancy and fault-tolerant 
architectures. These characteristics are often found in safety-critical systems. 

The organization 
does not change 

When multiple releases of a product are developed, the organization might 
significantly change, e.g. the development process and the development staff. 
After the first release, a different department might even execute the 
development of the next release. It may also heavily influence the test 
approach by concentrating on the changes made for corrective maintenance 
and preventive maintenance [new functionality]. 

 
Figure 3-14: Assumptions of Models versus Reality  

(Hamlet 1992; Hecht et al. 1997; Wood 1997; Whittaker 2000; Li et al. 20) 
 

                                                           
36 This is one of the reasons that agile development methods (see Section 1.4.2.) are promoted as they offer, at least in theory, 
the possibility to reduce functionality as well.  
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The usefulness of the software reliability estimation models has been heavily criticized. 
Criticism is twofold:  

 In the first place, most models assume a way of working that does not reflect reality 
(Hamlet 1992; Hecht et al. 1997; Wood 1997; Whittaker 2000; Li et al. 2003), meaning 
that the quality of assumptions is low. See Figure 3-14. As a result, several models can 
produce dramatically different results for the same data set (Gokhale et al. 1996, p.1; 
Fenton and Pfleeger 1997, p.390), meaning that the predictive validity is limited. 
Because no two models provide exactly the same answers, care should be taken to select 
the most appropriate model for a project, and too much weight should not be given to the 
value of the results (Wallace and Coleman 2001). Grams (1999) claims that the models 
make strong statements for basically unaltered software, but in the case of new 
innovative software products, the models are completely worthless.37 

 Secondly, Fenton and Neil (1999) studied the most-widely used models and observe 
many shortcomings. They conclude that, as a result, these models provide little support 
for determining the reliability of a software product. Their study also shows that the 
number of pre-release faults is not a reliable indicator of the number of post-release 
failures.38 The problem is that many software manufacturers use the pre-release fault 
count as a measure for the number of post-release failures, e.g. the reliability of the 
released product. 

 
The lack of practical applicability of traditional verification approaches for non-functional 
requirements, like reliability and safety, has led to the exploration of new approaches. Fenton 
and Neil argue that Bayesian nets offer a model that takes into account the crucial concepts 
missing from classical approaches (Fenton et al. 1998; Neil and Fenton 2005), analogously as 
was done for software cost estimation methods (see Section 3.3.1). An example of such a 
Bayesian net for defect prediction is shown in Figure 3-15. The nodes in the net represent 
uncertain variables and the arcs in the net represent causal/relevance relationships between the 
variables. Classical prediction methods do not take these relationships into account, but focus 
on correlation between variables [e.g. size and defects].  
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Figure 3-15: Bayesian Net  
          (Fenton and Neil 2001) 

                                                           
37 This may explain why these models are mostly applied in high-reliability industries like avionics and telecommunications, 
where high-reliability is achieved during extensive operational use (Littlewood and Strigini 2000). Rae and Robert (1995) 
define evaluation methods for reliability and other non-functional requirements, and propose different methods for different 
risk levels. 
38 Beizer (1990) uses an analogy with pesticide to illustrate the difficulty in software testing, known as the Pesticide 
Paradox: Every method you use to prevent or find bugs leaves a residue of subtler bugs against which those methods are 
ineffectual. By eliminating the [previous] easy bugs one allows an escalation of features and complexity, but this time one is 
faced by super, subtler, bugs.  
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Although Bayesian nets attempt to model the crucial notion of uncertainty and may overcome 
some of the limitations of standard reliability techniques and, although positive results have 
been reported (Neil and Fenton 2005), its practical application to support software release 
decisions is assumed to be limited for large and complex software products due to the multitude 
of interdependent variables and the excessive assessment burden, which might lead to informal, 
and indefensible, quantification of the modelled variables. Further research in this area is 
required. 
  
Another relatively new approach to construct and present well reasoned arguments that a 
system achieves acceptable levels of safety, is the development of safety cases, where 
arguments are structured using a technique called Goal Structuring Notation (GSN) (Kelly 
1998). Weinstock et al. (2004) have broadened this work and developed the concept of 
dependability cases. This approach focuses on creating and documenting structured rationales 
that convincingly show how evidence gathered during system design and test, supports claims 
regarding non-functional requirements like dependability, real-time performance, reliability and 
maintainability (Reliability Analysis Center 2004). Ongoing research is required to investigate 
the practical application. 
 
It is concluded that determining the optimal release time using existing theory is difficult, and it 
is probable that uncertainty will be present when making the software release decision in a 
practical setting. Capturing this uncertainty by using probability models has not been 
theoretically, or experimentally, verified, except in specific application domains (Whittaker 
2000). 
 
A question arising from this conclusion is how software release decisions are made in practice. 
Despite the multitude of stories about post-release problems of prematurely-released software, 
limited literature is found on how the optimal release time is determined in practice. A study 
prepared for the National Institute of Standards & Technology, revealed a combination of the 
following non-analytical methods to decide when a software product is ‘good enough’ for 
release (RTI 2002):  

 A ‘sufficient’ percentage of test cases run successfully. 
 Statistics are gathered about what code is exercised during the execution of a test suite. 
 Defects are classified and numbers and trends are analysed. 
 Real users conduct beta testing and report problems that are analysed. 
 Developers analyse the number of reported problems in a certain period of time. When 

the number stabilizes, or remains below a certain threshold, the software is considered 
‘good enough’. 

 
During the last decade, the concept of ‘good enough’ quality was introduced in the software 
industry. Bach (1997) introduced this paradigm as an alternative opposed to compulsive 
formalism (Bach 1997).39 ‘Good enough’ means: 

 The software product has sufficient benefits. 
 The software product has no critical problems. 
 The benefits sufficiently outweigh the problems. 
 In the present situation, and all things considered, further improvement would be more 

harmful than helpful. 
 
In a practical context, the problem is however to determine, with sufficient certainty, that the 
software product has no critical problems. Especially for safety-critical systems, where the 
                                                           
39 Many ‘gurus’ preach perfection through, for example, process maturity and continuous process improvement, stating that, 
in this way, all defects can be found or even prevented (Jones 1993; Humphrey 1997).  
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presence of failures should not be a viable option, the decision to stop testing would require this 
certainty. 
 
For the present it is assumed that, in practice, software manufacturers follow this approach 
either consciously or unconsciously. However, it is an important issue in the case studies to 
reveal how software manufacturers determine the optimal release time in a practical setting. In 
the next Section, existing theory regarding the estimation of operational cost is presented. 
 

3.3.3 Operational Cost 
 
Software reliability estimation models have received criticism from different angles. It is 
concluded here, that two higher-order limitations regarding these models also exist: 

 Focus is on cash outflows, not on profit. The models only take into account cash 
outflows, assuming that minimizing total cash outflows is the main objective.40 However, 
in profit-oriented environments, for example, where software manufacturers sell products 
to their customers, the expected cash inflows should also be taken into account. In this 
case the optimal release time would not be determined by minimizing the total cash 
outflows but by maximizing the difference between cash inflows and cash outflows: 
maximizing economic value. Few of the models studied incorporate the time value of 
money.  

 Focus is on pre-release testing versus post-release corrective cash outflows, not total 
cash outflows. Considering the total life-cycle cost of a software product, focus should 
not only be on the short-term operational cost for repairing failures [corrective 
maintenance cost], but also on the expected future cost for extending the product with 
additional functionality [adaptive and perfective maintenance cost]. Important factors 
influencing the long-term maintenance cost are, for example, the quality of the product 
design [the extent to which maintainability requirements are addressed], the quality of 
the product realization [the extent to which maintainability requirements are correctly 
implemented], and the quality of the documentation supporting the product [the extent to 
which the product is documented in an accessible way: e.g. specifications, design, code, 
test cases, build procedures]. 

 
The majority of resources in many software manufacturer organizations are consumed by 
software maintenance (Lientz and Swanson 1980; Harrison and Cook 1990; Abran and 
Nguyenkim 1991; Eastwood 1993; Erlikh 2000). Studies indicate that maintenance costs can be 
two or four times the initial costs of the system and this proportion is increasing. In 1980, 
Lientz and Swanson (1980) reported that more than 50% of the total life-cycle costs are 
devoted to maintenance, in 1993 Eastwood (1993) reported 75%, and Erlikh (2000) estimated 
this to be more than 90%. Lientz and Swanson found in their survey that around 75% of the 
maintenance effort was on adaptive [changes in the software environment] and perfective [new 
user requirements] maintenance, while corrective maintenance [fixing defects] consumed about 
21% (Nosek and Palvia 1990). The high fraction of life-cycle costs expended on maintenance 
stresses the fact that the maintainability of a software product [defined as the probability that, 
for a given condition of use, a maintenance activity can be carried out within a stated time 
interval, using stated procedures and resources] is important, especially when it is first 
developed and released. Releasing software that is difficult to maintain might lead to 
unexpectedly high post-release costs of corrective maintenance41 and adaptive and perfective 
maintenance on software that will soon no longer be able to evolve. This is another important 
non-functional requirement to take into account when the release trade-off is addressed. 
                                                           
40 The possibility also exists for using these models to calculate reliability and test time for a cost constraint, or the cost and 
test time for a reliability constraint. 
41 Corrective maintenance is closely related to the achieved level of reliability. However, being able to correct problems also 
requires the availability of other artefacts like development documentation. 
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The IEEE 1219 standard provides a seven-step model for the process of good quality software 
maintenance, where the requirements for control, management, planning and documentation are 
highlighted (IEEE 1998), and the appendix provides methods and tools, and discusses reverse 
engineering. The standard distinguishes the following categories of maintenance (IEEE 1998): 

 Corrective maintenance: reactive modification of a software product; performed after 
delivery to correct discovered faults. 

 Adaptive maintenance: modification of a software product; performed after delivery to 
keep the computer program usable in a changed, or changing, environment. 

 Perfective maintenance: modification of a software product; performed after delivery to 
improve performance or maintainability. The improvement of performance can be 
described as evolutive maintenance and the improvement of maintainability as preventive 
maintenance. 

 
In this study, the main concern on maintainability is to estimate the post-release operational 
cost, prior to the release decision. Although many studies exist in this area (Mancini and 
Ciampoli 1990; Gerlich and Denskat 1994; Jørgensen 1995; Niessink and Vliet 1997; Abran et 
al. 2002; De Lucia et al. 2002; Ahn et al. 2003), there are no generally accepted, or rigorous 
and successful, empirically validated models (Koskinen et al. 2003). Sneed (1995), for 
example, develops a method to extend current cost estimation methods to cover the estimation 
of maintenance costs, but it assumes the availability of certain metrics data and has undergone 
limited empirical validation (Koskinen et al. 2003). The Maintainability Index or MI, defined 
by Oman and Hagemeister (1994), gives an indication of how maintainable a software product 
is. Two equations are available; the second one takes into account the availability of comment 
in the code [assuming it has a positive influence on maintainability]: 

 MI   =       171 – 3.42 ln(aveV) – 0.23 aveV(g´) – 16.2 ln (aveLOC)  (3.13) 
 
 MI´   =      MI + 50 sin √ (2.46 perCM)      (3.14) 
with: 

aveV  = average Halstead Volume per module  
(related to the number of operators and operands used) 

aveV(g´) = average extended cyclomatic complexity per module  
(number of linearly independent test paths) 

aveLOC = average lines of code per module 
perCM  = average percent of lines of comment per module 

 
However, one of the general problems is the lack of reliable metrics for software complexity – 
one of the main input drivers for estimation. Inputs like lines of code, function points and 
cyclomatic complexity all have severe limitations (Kemerer 1995). 
 
IEEE (1988a, 1988b) defines the Software Maturity Index or SMI, which provides an indication 
of the stability of a software product and can be used as a metric for planning software 
maintenance activities. As SMI approaches 1, the product begins to stabilise. In a formula: 

 SMI = [ Mt – (Fa + Fc + Fd) ] / Mt     (3.15) 
with: 

Mt = number of modules in the current release  
Fc = number of modules in the current release that have been changed 
Fa = number of modules in the current release that have been added 
Fd = number of modules in the current release that have been deleted 

 
This index cannot provide an accurate estimate of operational costs, and its main purpose is to 
demonstrate the evolution of a product over time.  
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Summarized, the conclusion is that no models are available to support accurate estimations of 
expected operational cost prior to a software release decision. Collecting and analysing 
historical data from similar projects is considered an important instrument to support such 
estimations. 
 

3.3.4 Conclusions on Software Release Decisions 
 
The focus of the literature study on this perspective is on theory about the relationship between 
cost and schedule in software product development and maintenance. Three types of models are 
reviewed: cost estimation models, software reliability prediction and estimation models and 
operational cost models. The cost estimation models, although criticized, are considered of help 
during the start of projects, enabling a software manufacturer to make trade-offs between cost 
and schedule and to define realistic objectives. The usefulness of reliability estimation models, 
aiming at predicting the reliability of the software early in the life-cycle using is considered 
high if historical data is available from similar projects. The usefulness of software reliability 
estimation models, aiming at determining the optimal release time, is considered severely 
limited: most models assume a way of working that does not reflect reality and studies reveal 
many shortcomings regarding the predictive validity. Estimating operational cost prior to a 
software release decision is a difficult area, although the majority of resources in many 
software manufacturer organizations are consumed by software maintenance. The availability 
of historical data from similar projects is considered important. 
 
The limited usefulness of these models raises questions of how software manufacturers deal 
with this problematic area of development cost and schedule estimation, optimal release time 
determination [reliability], and operational cost estimation [maintainability]. Relevant questions 
identified for the exploratory case studies are: 

4. Which methods are used to estimate development cost and schedule? 
5. Are different project and design alternatives considered? 
6. To what extent are reliability requirements defined, deployed and evaluated? 
7. To what extent are maintainability requirements defined, deployed and evaluated? 
8. How do software manufacturers estimate post-release operational cost, for short-term 

corrective activities and long-term product enhancements, prior to the release decision? 
 

3.4 Decision-making Perspective 
 
Decision-making involves selecting between different alternatives, and selecting the alternative 
that is most likely to result in attaining one, or more, objectives (Harrison 1987). Decision-
making has many aspects and may involve one, or more, decision-makers. In organizations, it is 
likely that multiple decision-makers will be involved in collective decision-making. Decisions 
with little impact can often be made on the basis of informal rules and agreements, but as soon 
as common interests increase collective decision-making has to be institutionalized through a 
generally accepted decision-making process (Stokman et al. 2000, p.1). As the focus in this 
study is on strategic software release decisions by software manufacturer organizations, more 
decision-makers [stakeholders] will be involved and, where the characteristics of a collective 
decision-making process are of primary concern here, the elements of a collective decision-
making process are investigated. 
 
Another important aspect of decision-making is the characterization of the decision type. 
Decisions can be classified in different ways, for example, for routine and the recurrence of the 
decision (Harrison 1987); the level of uncertainty involved (Beroggi 1999); the number of 
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times the decision itself may be repeated (Beroggi 1999); and the way information is processed 
(Rosenberger 2001). These different classifications are investigated. 
 
Because of the presence of an almost infinite number of variables in decision-making, the 
decision-making process can benefit from the availability of decision-making models, with a 
small number of variables that are significant and understandable (Harrison 1987). An 
overview of decision-making models most suitable for collective, managerial decision-making 
is provided.  
 
An important element in the decision-making process is the choice among different options 
[alternatives]. The best alternative may not always be readily apparent, forcing decision-makers 
in a collective decision-making process to select one alternative, or find a compromise among 
competing alternatives. An overview is given of different models of choice, a decision-maker(s) 
can select. Attention is also given to the definition of decision success, making a distinction 
between the quality of the decision outcome and the quality of the decision implementation. 
 

3.4.1 Collective Decision-making Process 
 
Decision-making is defined as the combined activity of comparing alternatives and the act of 
choice. However, Harrison (1987, pp.38-39) divides a decision-making process into six functions; 
broadening the scope with preceding and proceeding activities, as illustrated in Figure 3-16.  
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Figure 3-16: The Decision-making Process  
                  (Harrison 1987, p.40) 

 
In this framework, decision-making is illustrated as a dynamic process. Decision-making is 
considered to be a non-linear, recursive process. That is, most decisions are made by moving 
back and forth between the choice of criteria or objectives [the characteristics the choice should 
meet] and the identification of alternatives [the possibilities one can choose from]. The 
alternatives available influence the objectives applied, and similarly the objectives defined 
influence the alternatives to be considered (Maneck 1966). 
 
The different functions of decision-making identified by Harrison (1987, pp.38-39) are: 

 Setting managerial objectives. The decision-making process starts with the setting of 
objectives, and a given cycle within the process culminates on reaching the objectives. 
The next complete cycle begins with the setting of new objectives. 



 EXISTING THEORY 

 

63

 Searching for alternatives. In the decision-making process, search involves scanning the 
internal and external environments of the organization for information. Relevant 
information is formulated into alternatives that seem likely to meet the objectives. 

 Comparing and evaluating alternatives. Alternatives represent various courses of action 
that singly or in combination may help attain objectives. By formal and informal means 
alternatives are compared based on the certainty or uncertainty of cause-and-effect 
relationships and the preferences of the decision-maker(s) for various probabilistic 
outcomes. 

 The act of choice. Choice is a moment in the ongoing process of decision-making when 
the decision-maker chooses a given course of action from a set of alternatives. 

 Implementing the decision. Implementation causes the chosen course of action to be 
carried out within the organization. It is the moment in the total decision-making process 
when the choice is transformed from an abstraction into an operational reality. 

 Follow-up and control. This function is intended to ensure the implemented decision 
results in an outcome in keeping with the objectives that gave rise to the total cycle of 
functions within the decision-making process. 

 
The process starts with setting objectives, which requires the search for information or 
alternatives. The bi-directional arrow between ‘Setting managerial objectives’ and ‘Searching for 
alternatives’ in Figure 3.16 illustrates the dynamics of the decision-making process. Alternatives 
are compared and evaluated and the selected alternative is implemented. Follow-up and control of 
the implemented decision reveal to management the actual outcome of the decision, e.g. the 
degree of congruence between the actual outcome and the expected outcome. 
 
This broader perspective is considered important, as in this research the methodology to be 
designed includes requirements for pro-active measures, meaning decision-making occurs over 
a varying span of time, and implementation aspects, to increase the likelihood of success (Trull 
1966).  
 

3.4.2 Decision Types 
 
Decisions can be classified in many ways. Four different approaches are discussed here, being 
decision categories, the level of uncertainty involved, its occurrence interval and the way 
information is processed. These are important characteristics for the study phenomenon, being 
software release decisions. 
 
Characteristic Category I Decisions Category II Decisions 

Classifications 
Programmable; routine; generic; 

computational; negotiated; 
compromise 

Nonprogrammable; unique; judgmental; 
creative; adapative; innovative; inspirational 

Structure 

Procedural; predictable; certainty 
regarding cause/effect relationships; 

within existing technologies; well-
defined information channels; definite 
decision criteria; outcome preferences 

may be certain or uncertain 

Novel, unstructured, consequential, elusive, 
and complex; uncertain cause/effect 

relationships; nonrecurring; information 
channels undefined; incomplete information; 
decision criteria may be unknown; outcome 

preferences may be certain or uncertain 

Strategy 

Reliance upon rules and principles; 
habitual reactions; prefabricated 
response; uniform processing; 

computational techniques; accepted 
methods for handling 

Reliance on judgment, intuition, and 
creativity; individual processing; heuristic 

problem-solving techniques; rules of thumb; 
general problem-solving process 

 
Figure 3-17: Decision Characteristics  
       (Harrison 1987, p.21) 
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Simon (1977) distinguishes ‘programmed’ and ‘non-programmed’ decisions; close to the 
distinction made by Drucker (1967) between ‘generic’ and ‘unique’ decisions. Others define a 
three-point classification (e.g. Gore 1962; Delbecq 1967; Mintzberg 1973) or distinguish four 
decision strategies (Thompson 1967). Harrison (1987, p.21) concludes that the different 
classification schemes have much in common and can be reduced to two basic categories, with 
a categorization of the decision characteristics given in Figure 3-17: 

 Category I decisions. This category includes the routine, recurring decisions handled 
with a high degree of certainty. 

 Category II decisions. This category includes the non-routine, non-recurring decisions 
handled with a high degree of uncertainty. 

 
The decision category determines the level in an organization where a decision is to be made. 
Higher management should concentrate on non-routine decisions [Category II], routine 
decisions should be left to operating management [Category I]. Research shows that the choice 
patterns of a decision-maker are not necessarily the same for multiple, repeated decisions 
[Category I], or for unique decisions [Category II] (Keren and Bruine de Bruin 2003, p.350, 
referring to work by Lopes 1981; Keren 1991; Redelmeier and Tversky 1992). In the remainder 
of this thesis, the terms ‘routine’ versus ‘non-routine’ decisions are respectively used for 
Category I and Category II decisions.  
 
Although the distinction between routine and non-routine decisions involves the level of 
uncertainty present [high degree of certainty for routine, high degree of uncertainty for non-
routine], it is considered of interest to further detail the notion of uncertainty. According to 
Beroggi (1999, p.16), uncertainty in decision-making reflects two aspects: uncertainty about the 
assumptions on the environment of the decision problem and uncertainty related to the 
evaluation of the alternatives. Three levels of decision-making under uncertainty are 
distinguished in decision analysis literature (Beroggi 1999, pp.16-17):42 

 Certainty. Alternatives are evaluated without consideration of any scenarios. 
 Informed Uncertainty [risk]. Alternatives can be evaluated with considerations of some 

scenarios, whereby the chance of occurrence of each scenario can be quantified with 
probability, or possibility, values. 

 Complete Uncertainty.43 Alternatives can be evaluated with consideration of some 
scenarios but the occurrence chance of each scenario cannot be quantified. 

 
A third classification of decision types is the number of times the decision itself may be 
repeated. Beroggi (1999, p.6) makes a distinction between a one-at-the-time decision and 
repetitive decisions. Although his classification can be compared with routine versus non-
routine decisions, in the context of this study it is interpreted as a decision made once for a 
specific problem [a selection is made among available alternatives] or repeated [making the 
decision is postponed until the set of alternatives enables decision-makers to select an 
appropriate alternative].  
 
A fourth perspective in classifying decision types is by looking at the way information is 
processed. Rosenberger distinguishes simultaneous or compensatory models, using an 
optimizing process for decision-making using all, or a portion of, the information available, 
whereas sequential or non-compensatory models use a discriminatory process to decision-
making, sequentially using specific information to discriminate alternatives in a systematic 
fashion (Rosenberger 2001, p.11). 
 
                                                           
42 Beroggi (1999, p.16) describes uncertainty in terms of partitions of the total uncertainty space, where, for each partition, 
different states are identified, while any combination of states is called a scenario. 
43 Note that the term ‘complete uncertainty’ is used throughout this thesis. 
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3.4.3 Decision-making Models 
 
Models help to better understand the complex nature of decision-making. In practice, there are 
no limits to the models developed to serve a specific decision problem. However, on a higher 
abstraction level models can be distinguished that reflect certain assumptions and behaviour. 
Harrison (1987, p.152) describes a typology of four decision-making models, relying on the 
work of, for example, Anderson (1977) and Lindblom (1979): 

 The Rational Model (classical). This is a normative model and has its foundation in 
quantitative disciplines like economics and mathematics. The model is based on the 
assumption that all significant variables in a decision-making process can be quantified 
to some degree. As the model operates within an artificially closed environment, it 
applies mainly to routine [Category I] decisions. 

 The Organizational Model (neo-classical). This model combines the behavioural 
disciplines [like philosophy, psychology and sociology] with quantitative analysis to 
make a decision that fits the constraints caused by the external environment. It is suited 
for both routine [Category I] and non-routine [Category II] decisions. 

 The Political Model (adaptive). This model is almost totally behavioural, and the primary 
criterion for decision-making is an outcome that is acceptable to many external 
stakeholders [bargaining, compromises]. It de-emphasises objective oriented outcomes. 

 The Process Model (managerial). This model is oriented toward innovation, and 
organizational change, with a particular emphasis on long-term results. It is well suited 
for non-routine [Category II] decisions. 

 
These models represent multi-dimensional perspectives on decision-making. The Rational 
Model is based on the quantitative disciplines of economics, mathematics and statistics. The 
Organizational Model combines these disciplines with behavioural disciplines, incorporating 
the constraints resulting from the external environment. The Political Model is primarily based 
on the disciplines of political science, philosophy, psychology and sociology, but, whereas the 
Rational Model is almost totally quantitative, this model is almost entirely behavioural. The 
Process Model has a strong emphasis on managerial decision-making, especially for cases 
where uncertainty is high. 
 
The models, although not mutually exclusive, differ from each other in primary decision-
making criterion and certain key assumptions, as illustrated in Figure 3-18. 
 

Criterion 
Rational 
(classic) 

Organizational 
(neo-classical) 

Political 
(adaptive) 

Process 
(managerial) 

Objectives fixed attainable limited highly dynamic 

Information unlimited limited limited limited 

Cognitive limitations no yes yes yes 

Time and cost constraints no yes yes yes 

Alternatives 
quantifiable 

and 
transitive 

partially 
quantifiable and 

intransitive 

non-quantifiable 
and generally 

transitive 

generally non-
quantifiable and 

intransitive 

Environment closed open open open 

Outcome quantitatively 
limited 

qualitatively and 
quantitatively 

limited 

environmentally 
limited 

objectives-
oriented 

Time-horizon short-term short-term short-term long-term 
 

Figure 3-18: Typology of Decision-making Models  
    (Harrison 1987, p.152) 



 EXISTING THEORY 

 

66

 
The type of decision to be taken is an important factor in determining the most appropriate 
model, especially whether a decision is routine or non-routine. 
 

3.4.4 Models of Choice 
 
An overview is given of different models of choice that can be applied when choosing among 
different alternatives [third and fourth element in the framework presented in Figure 3-16]. As 
discussed in Section 3.4.2, models of choice can be classified by looking at the way information 
is processed: simultaneously or sequentially. The former relates to compensatory models of 
choice, the latter relates to non-compensatory models of choice (Rosenberger 2001, p.11). 44  
 
Simultaneous or non-compensatory models use a portion, or all, of the information available 
(Rosenberger 2001, p.11). Examples of such models are (Hogarth 1987; Rosenberger 2001): 

 Linear Dimension Model. This is a straightforward model. Each dimension, or variable, is 
quantified and is given a weight reflecting its relative importance. The evaluation of each 
alternative is the sum of the weighted values on its dimensions. The alternative with the 
greatest sum for all dimensions is the obvious choice. 

 Additive Difference Model. This model compares the alternatives, dimension-by-
dimension, whereafter the differences are aggregated to see which of the alternatives is 
favoured by the aggregate net difference. 

 Ideal Point Model. This model is similar to the additive difference model, except that, in 
this model, the perfect model is taken as a reference and its distance from this ideal point 
determines the attractiveness of each alternative.   

 
Sequential or compensatory models use sequentially specific information to discriminate 
alternatives (Rosenberger 2001, p.11). Examples of such models are (Hogarth 1987; 
Rosenberger 2001): 

 Disjunctive Model. This approach to choice seeks the best attribute, or characteristic, 
presumed to denote the best alternative. The decision-maker will permit a low score on a 
dimension provided there is a high score on one of the other dimensions. The alternative 
with the highest rating in its best characteristic is chosen. 

 Conjunctive Model. The decision-maker sets certain cut-off points on the dimensions, and 
any alternative that falls below a cut-off is eliminated. 

 Lexicographic Model. The model first ranks the characteristics in order of importance and 
then selects the best-rated alternative after the most important characteristic. If two or more 
alternatives rate equally, the next most important characteristic is used. 

 Elimination-by-aspects Model. This is a combination of the three above-mentioned models. 
The model assumes that alternatives consist of a set of aspects or characteristics. At each 
stage of the process one characteristic is elected, according to a probabilistic scheme, and 
alternatives that do not include the aspect are eliminated. The process continues until only 
one alternative remains. 

 
In literature, many variants and specific implementations of the models of choice presented can 
be found, often referred to as multi-attribute decision-making models (MADM) where the set of 
decision alternatives has been predetermined.45 Triantaphyllou (2000) presents an overview, 
and some examples are: 

                                                           
44 A compensatory model means a decision-maker is willing to allow compensation: a strong performance on one criterion 
can compensate for a weaker performance on some other criterion. 
45 No attention is given here to multiple objective decision-making models (MODM), where decision variables are infinite 
and subject to constraints. These problems may be solved through linear programming.  
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 Linear model: SMART (Edwards and Barron 1994). 
 Outranking methods: TOPSIS (Hwang and Yoon 1981) and Electre (Roy 1991). 46 
 Outranking methods with qualitative data: Qualiflex (Paelinck 1976) and Regime 

(Hinloopen et al. 1983). 
 Converting methods [subjective assessments of relative importance to a set of overall 

scores or weights by pair-wise comparisons]: Analytical Hierarchy Process (Saaty 1980) 
with the sub variants REMBRANDT (Lootsma 1992), and MACBETH (Bana e Costa 
and Vansnick 1994).47  

 Fuzzy MCA methods (Chen and Hwang 1992). 
 
Another technique to compare alternatives is a decision-tree combined with utility theory, like 
the Subjective Expected Utility Model or SEU-model (Savage 1954). The decision tree 
diagrams the paths of possible courses of action. For each path the tree displays the probability 
for an outcome or event and the end-nodes display the valuation of the payoff for each 
outcome.  
Suppose, for example, a researcher has to decide how to fund his research project. He is faced 
with two possibilities: apply for funding or go to a casino. By assigning probabilities to the 
different outcomes [funding: 0.20 application accepted, 0.30 application partially accepted, 
0.50 application rejected; casino: 0.01 jackpot, 0.99: no jackpot] and values [0.70: funding 
application fully accepted, 0.40: application partially accepted, 1.00: jackpot], it is possible to 
calculate that applying for funding is the best alternative, as in Figure 3-19: 48  

 0.20 * 0.70 + 0.30 * 0.40 + 0.50 * 0.00  >  0.01 * 1.00 + 0.99 * 0.00  (3.16) 
 
 

0,01

0,99

jackpot

no jackpot

accepted

not accepted

partially accepted

0,20

0,50

0,30
apply for funding

go to casino

0,70

0,40

0,00

1,00

0,00
 

 
Figure 3-19:  Example of a Decision Tree  
              (SEU-model) 

 
Combinations of multi-criteria analysis methods and SEU-models or probabilistic statistical 
techniques are described (Keeney and Raiffa 1993). 
 
Despite the wealth of available models of choice, there is little consensus on the model best 
suited to a specific situation. Guitouni and Martel (1998) note that most users select a model 
they are familiar with, rather than the optimal method, assuming that such a method exists.  
                                                           
46 Option A outranks Option B if there are enough arguments to decide that A is at least as good as B, and there is no 
overwhelming reason to refute that statement. 
47 These methods are primarily used in a single decision-maker context. 
48 Note that, in theory, both options require an initial investment, to be subtracted from the end result. 
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3.4.5 Decision Success 
 
In Section 1.6, the term decision success was introduced, defined as a decision that results in 
the attainment of the objective that gave rise to the decision, within the constraints that had to 
be observed to bring out such attainment (Harrison 1987, p.346). This refers to the extent to 
which a decision contributes to the achievement of organizational goals. Decisions with 
strategic value are important to an organization as they have important consequences, and 
resource demands, for the organization (Nutt 1998). The important concept to grasp is that 
decision success is not related to its outcome: a good decision can have either a good or a bad 
outcome. Similarly, a non-successful decision can still have a good outcome. In this thesis the 
quality of the research phenomenon, e.g. strategic software release decisions, is defined as the 
sum of the quality of the decision-making process and the extent to which the decision is 
successfully implemented (Dooley and Fryxell 1999), so there is an acceptable degree of 
congruence between the actual outcome and the expected outcome, irrespective of whether the 
actual outcome can be assessed as good or bad. It is assumed in this thesis that decision success 
requires a high quality of both decision process and decision implementation: 

 decision success = quality of decision outcome + quality of decision implementation 
 
This definition is considered true for decisions with, or without, strategic value. 
 

3.4.6 Conclusions on Software Release Decisions 
 
The focus of the literature study on this perspective is on theory concerning decision-making, 
addressing the element of a collective decision-making process, classifications of decision 
types, decision-making models, model of choice, and decision success. At this stage, no link is 
made to the study phenomenon itself, as no literature was found applying decision-making 
theory to software release decisions. 
 
This first orientation toward decision-making is used to identify a number of relevant questions 
for the exploratory case studies, to gain insights into software release decision-making in a 
practical context: 

9. To what extent is a formal collective decision-making process applied to software release 
decisions?  

10. How can a software release decision be characterized? 
11. Which decision-making models apply to software release decisions? 
12. Which models of choice are used for software release decisions? 

 

3.5 Summary and Conclusions 
 
In this Chapter, existing theory on software release decisions is discussed. Three perspectives 
are highlighted, namely economics, software management and decision-making. 
 
For the economic perspective, it is concluded that the market entry trade-off is complex. 
Important factors influencing the trade-off are the external environment, the organization’s 
capabilities and the business strategy chosen. The presence of a multitude of factors in a 
practical setting strongly indicates that no unambiguous, overall product development strategy 
can be defined for a specific manufacturer type or a specific software market. The dynamics of 
product development resulting from a changing external environment and/or unplanned project 
performance are likely to make each software release decision unique.  
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From the software management perspective, three issues are addressed. For the predictability of 
development costs and schedule, the usefulness of the software cost estimation models is 
concluded as being limited towards the end of product development, when the project is faced 
with the release decision itself. They do offer the possibility of support in defining project 
objectives prior to product development and evaluating them during product development. In 
determining the expected reliability based on defects found in different project phases, the 
reliability estimation models can potentially be used under the condition that historical data 
from similar projects is available. In determining the optimal release time [with focus on 
trading off reliability against time-to-market], the usefulness of existing software reliability 
prediction models is questioned. For the estimation of post-release operational cost, no 
generally-accepted or rigorous and successful empirically-validated models were found. The 
collection and analysis of historical data ffrom similar projects is recommended. These findings 
complicate software release decisions.  
 
Decision-making is reviewed from a theoretical point of view. The elements of a managerial 
decision-making process are identified, as are different classifications of decision types. 
Available decision-making models differing from each other with respect to the primary 
decision-making criterion and key assumptions are discussed. For models of choice, various 
compensatory and non-compensatory models are presented, complemented with a combination 
of decision trees and subjective utility theory as another technique to compare alternatives. 
 
Exploration of the study phenomenon from these three perspectives leads to the identification 
of a number of questions as input for the exploratory case studies. The results of these case 
studies, providing answers to the questions raised, are presented in the next Chapter. 
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4 PRACTICAL EXAMPLES 
 

“Without the element of uncertainty, the bringing off of even the greatest business triumph 
would be a dull, routine, and eminently unsatisfying affair.” 

-- J. Paul Getty -- 

4.1 Introduction 
 
The exploration of the study phenomenon in Chapter 3 led to the identification of a series of 
questions as input for the exploratory case studies. The findings of these studies, providing 
answers to questions raised, are presented in this Chapter. 
 
In Section 4.2, the case study approach is discussed. In Section 4.3, a description and detailed 
overview of the findings are presented for each individual case. Hereafter, in Section 4.4 all 
case study questions raised in Chapter 3 are answered, using the combined findings of the 
individual cases. In Section 4.5, the aggregated results are presented. Additional requirements 
for the adoption of such a methodology are discussed in Section 4.6, and the Chapter ends with 
a summary and conclusions in Section 4.7. 
 

4.2 Case Study Approach 
 
Case study environments were selected based on the following criteria: 

 The selected organization has previously released a significant number of substantial 
software products. This criterion is used to avoid the conduct of case studies in learning 
environments, where it is less likely to obtain consensus between informants and 
supporting documentary evidence. 

 Each selected case [consisting of one or more projects] has recently released a software 
product, or is executing the final tests before product release. This criterion is used to 
reveal the initial objectives of the project, how they were addressed during product 
development, and how the software release decision was, or would be, taken.  

 Presence of trade-offs between time-to-market, budget, functional requirements and non-
functional requirements, including reliability and maintainability.  

 Varied case study environments: different software manufacturer types [custom system 
written in-house versus commercial software] from different countries49 [X and Y], 
projects developing different product versions [new product versus new version of 
existing product], operating at different process maturity [CMM] levels. See Figure 4-1.  

 
Case Id. Manufacturer type Product version Country CMM level 

A Custom system written in-house New product X 1 

B Commercial software New product Y 1-2 

C Commercial software Existing product Y 3 

D Custom system written in-house Existing product Y 2 

E Commercial software New product Y 3 

F Custom system written in-house Existing product X 2-3 

G Custom system written in-house New product X 2-3 

 
Figure 4-1: Overview Case Studies 

                                                           
49 On request of the participating organizations the names of the countries are not revealed.  
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A case study protocol was written and reviewed prior to conducting the first case study. This 
case study protocol is in Appendix A. In Appendix B an example of a case study questionnaire 
is given. The actual questionnaire used in each case study was adapted to the specific 
characteristics of each organization. In Appendix C a cross-reference between the identified 
case study questions in Chapter 3 and the questionnaire in Appendix B can be found. 
 
In the following Section, the results of the exploratory case studies are described, with answers 
to questions raised in Chapter 3. The names of the participating organizations are not revealed, 
as the selected projects and the organizational processes are, in most cases, considered of 
strategic importance. For the validity and reliability of results, these anonymous descriptions 
are not considered a problem. The findings in each case study originate from the case study 
report, approved by the participating organization. In this thesis the interpretation of the data by 
the researcher starts in Section 4.4 with a discussion on, and comparison of, the statements in 
the case study reports. The thesis therefore remains auditable (Berghout 1997, p.52; based on 
Boskma and Herweyer 1988).  
 

4.3 Case Study Results 
 

4.3.1 Case Study A 
 
The participating organization is a leading European insurance company. It offers private 
persons and small/medium-sized corporations a wide range of non-life insurance solutions 
through traditional, and alternative, distribution channels. Its principal market units are in 
Europe, with a particular focus on its home country where it is the market leader. Outside 
Europe, the insurance company operates through several established regional insurance 
companies. In its home market, the insurance company is the leading all-line carrier, with the 
largest market share and a close-knit service network.  
  
Selecting people from the different departments compose project teams, with the overall project 
leader a representative from the Management department. Several sub-projects are defined; 
responsible for the successful realization of a part of the overall product. Some central teams 
work for the different sub-projects and may have an additional assignment at project level. The 
‘IT Management’-team, for example, coordinates architectural issues, integration and test 
management, and implementation/training.  
 
The selected case is the development of the first version of a new administrative system to 
handle non-life related insurance claims. The reason for investing is to increase internal 
organizational efficiency by offering a stable platform, enabling future enhancements. The 
associated investment level was high [> Euro 10M] as is the perceived strategic value of the 
release decision [prospect of large financial loss outcomes]. Many new technologies are 
introduced [hardware infrastructure, development environment] as well as development 
processes and a new development methodology [RUP]. The organization’s process capability is 
estimated to be CMM level 1 [no institutionalized processes at project level, see Section 1.3.2]. 
Customers of the product are local agents within the same organization. 
 
For the different project phases, the following findings were noted, with the detailed findings 
summarized in Figure 4-2: 

1. Product Definition. Although a product development strategy was defined, it was 
incomplete, not documented and no consensus regarding priorities was found among 
informants [non-functional requirements not addressed, although reliability and 
maintainability were considered important]. The product development strategy was not 
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derived from a business strategy [not found] or a business case [not available] and 
different alternatives were not explicitly considered. The initial estimates for schedule 
and budget were expertise-based, without the availability of historical data from the 
organization concerned, or the use of external industry averages. Initial estimates were 
too optimistic, with substantial schedule and budget overruns.  

2. Product Design, Product Realization and Testing. Reliability and maintainability were 
not specified, and not addressed, during product design and product realization, although 
the product was based on a recommended architecture. Reliability was evaluated as an 
important release criterion during testing, but no explicit attention was paid to 
maintainability.  

3. Product Release. There was no formal process available to support the release decision-
making process, and the procedure followed can best be described as ad hoc. The project 
leader at operational level took the decision, consulting representatives of the end-users. 
The decision type is characterized as non-routine, with complete uncertainty, discussed 
and postponed repetitively, and non-compensatory with reliability as the stop criterion 
used, while different release alternatives were not explicitly considered. The release date 
postponements were mainly due to lack of progress in freezing and implementing the 
functional requirements, and problems in reaching a ‘sufficiently’ reliable product. An 
estimated budget for short-term and long-term maintenance activities was not available. 
The supporting product and development documentation was incomplete and of poor 
quality. The decision to release the product was taken when major defects found during 
system testing were resolved, although it was known that additional testing would 
probably reveal more major defects. 

4. Product Rollout. After the product was released, defects were not archived in a central 
repository to enable future analysis, with the objective of repairing process deficiencies, 
and it was not planned to evaluate the business case, or project, afterwards.  

 
Aspect Description 

General 
Organization - Participating organization is a leading European insurance company.  
Manufacturer type - Custom systems written in-house. 
Business strategy - There was no overall business strategy found. 
Process capability - Estimated CMM level: 1 [no institutionalized processes at project level]. 

Selected case(s) 
- The selected project had developed the first version of a new administrative 

system to handle non-life related insurance claims. The reason to invest was to 
increase internal organizational efficiency.  

Product 
characteristics 

- Version: first; investment level: high [> Euro 10M]. 
- Release decision: high strategic value. 
- Introduction of new hardware infrastructure, development environment, 

processes, and methodology (RUP). 
- Time horizon: long-term. 

Market characteristics 
- Principal market units are in a Western European country.  
- Customers are local agents within the same organization. 

1. Product Definition 

Stakeholders 
- Officially: Steering committee at tactical level. 
- In practice: project leader and representatives from end-users. 

Product development 
strategy 

- Defined: time-to-market, development cost, functional requirements, and 
compliance to external standards [prescribed architecture]. 

- Non-functional requirements like reliability and maintainability, not defined, 
although considered important. 

Priorities 
- Not documented. 
- No consensus among informants. 
- For future versions: lead-time expected to become less important. 

Degree of changes - Dynamic [release date postponed several times: schedule/budget overruns]. 
Business case - Not available. 
Estimation method - Expertise-based [mathematical, parameterised models not known]. 
Trade-offs - No different product development strategies considered. 
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2a. Product Design 
Reliability - Not deployed to low-level components in the defined software architecture. 
Maintainability - Not deployed to low-level components in the defined software architecture. 
Trade-offs - No different product design alternatives considered. 
Methods - Unknown, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 

Stakeholders 
- Officially: Steering committee at tactical level. 
- Reality: project leader/end-user representatives [higher management informed]. 

Formal process 
- Documented: no. 
- Followed: no. 

Type 

- Non-routine, non-recurring [high stress level due to time pressure]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 
- Available: spent lead-time, spent budget, implemented functional requirements, 

test results as an indication for reliability. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Not complete. 
- Poor quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable and very uncertain. 
Environment - Open [not all variables known]. 

Trade-offs 
- No different release alternatives explicitly evaluated, other than postponing the 

release date due to lack of progress in freezing and implementing the 
functional requirements, and reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 
Outcome - Very uncertain: operational cost not known. 

4. Product Rollout 

Measurements 
- Defect repository in place: no. 
- Analysis of defects: no. 
- Removal of process deficiencies based on analysis results: no. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-2: Main Findings ~ Case Study A 
 
 
4.3.2 Case Study B 
 
The participating organization is one of the world’s leading companies in the area of document 
management. In advanced research centres and high-tech production facilities the company 
develops products and services for the efficient and effective exchange of information, 
comprising products for the reproduction, presentation, distribution and management of 
documents. The range of products and services offered is characterized by a recognized high 
quality, based on reliability, productivity, durability, ease of use and environmental 
friendliness. 
 
The organization distinguishes different business units, each headed by a Director, who reports 
to the Board. Within each business unit several business group can be found, each of them 
addressing a specific market with a specific line of business. The Portfolio Management 
Committee (PMC) at business unit level defines the product roadmap or program, and approves 
projects by approving Project Definitions. A Project Definition defines the project’s business 
case: goals in terms of product needs [functional and non-functional], expected cost price, 
budget and timing. The Program Steering Committee [PSC] is responsible for implementing the 
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product roadmap or program [i.e. the total project portfolio]. A separate Project Committee 
[PC] is defined to control each project. The organization uses a matrix organisation for R&D 
activities. The R&D organisation distinguishes Research, Development and Engineering as 
separate development phases. Projects are multi-disciplinary: electronic, mechanical, chemical, 
physical, software, industrial design and development/engineering disciplines are involved. 
They have no budget, but a temporary assignment with defined goals. As long as a project still 
exists, it normally takes care of both corrective maintenance and further enhancements. The 
functional departments assign budget and resources to the projects. Maintenance of released 
products is also the responsibility of departments once a project ends.  
 
The selected case was the development of the first version of a new printing system. The main 
reason for investing was to enter the market with a new product. The associated investment 
level was high [> Euro 10M] as is the perceived strategic value of the release decision, with 
prospective large financial loss outcomes. Many new product technologies were introduced. 
The organization’s process capability was estimated to be CMM level 1-2 [limited 
institutionalized processes at project level]. A high level of competition, with few competitors, 
characterizes the market in which the organization is operating, with customers mainly 
professional businesses. 
 
The following findings were noted, with detailed findings summarized in Figure 4-3: 

1. Product Definition. Although a product development strategy was defined and 
documented, it was not comprehensive [development costs not addressed, maintainability 
not addressed, although considered important]. No consensus on priorities found among 
informants. The product development strategy was derived from a business strategy and 
business case, but alternatives were not considered. The initial estimates for schedule and 
budget were expertise-based, using personal experiences from the estimators. The initial 
estimates turned out to be optimistic, leading to substantial schedule and budget 
overruns.  

2. Product Design and Product Realization and Testing. Reliability and maintainability 
were not explicitly addressed during product design and product realization, although the 
product was based on a recommended architecture. Reliability was evaluated as an 
important release criterion during testing, but no explicit attention was given to 
maintainability.  

3. Product Release. There was a formal process available to support the release decision-
making process, which was followed, and a steering committee at tactical level took the 
decision. The decision type was characterized as non-routine, with complete uncertainty, 
discussed and postponed repetitively, and non-compensatory, with reliability as the most 
important stop criterion, but release alternatives were not considered, nor explicitly 
evaluated. The release date was postponed several times due to lack of progress in 
freezing and implementing the functional requirements, technical problems during 
implementation, and problems with reaching a ‘sufficiently’ reliable product. An 
estimated budget for short-term and long-term maintenance activities was not available. 
The supporting product and development documentation was incomplete and of average 
quality. The decision to release the product was taken when the major defects found 
during system testing were resolved. 

4. Product Rollout. After the product was released, defects were archived in a central 
repository, but an analysis of the reported defects with the objective of removing process 
deficiencies was not foreseen. It was not planned to evaluate the business case or project 
afterwards. 
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Aspect Description 

General 

Organization - Organization is one of the world’s leading companies in document 
management. 

Manufacturer type - Commercial software. 
Business strategy - In order of priority: 1. Time-to-market, 2. Functional requirements, 3. Cost price. 
Process capability - Estimated CMM level: 1-2 [limited institutionalized processes at project level]. 

Selected case[s] 
- The selected project had developed the first version of a new printing system.  
- Reason to invest was to enter the market with a new product.  

Product 
characteristics 

- Version: first version of a new product [not only software]. 
- Investment level: high [> Euro 10M]. 
- Release decision: high strategic value. 
- Introduction of new product technologies. 
- Time horizon: long-term. 

Market characteristics 
- High level of competition from few competitors. 
- Products are sold worldwide. 
- Customers are mainly professional users [business-to-business]. 

1. Product Definition 
Stakeholders - Steering committee at tactical level. 

Product development 
strategy 

- Defined: time-to-market, functional requirements, non-functional product 
requirements, cost price, compliance to external standards. 

- Not defined: development cost [considered to be of less importance]. 
- Not defined: maintainability as a non-functional product need, although 

considered important. 

Priorities 
- Documented. 
- No consensus among informants. 
- For future versions: time-to-market expected to be less important. 

Degree of changes - Dynamic [release dates postponed: considerable schedule/budget overruns]. 
Business case - Initially available [no financial or other method used], not updated. 
Estimation method - Expertise-based [mathematical, parameterised models not known]. 
Trade-offs - No different product development strategies considered. 

2a. Product Design 
Reliability - Not deployed to low-level components in the defined software architecture. 
Maintainability - Not deployed to low-level components in the defined software architecture. 
Trade-offs - No different product design alternatives considered. 
Methods - Unknown, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 
Stakeholders - Steering committee at tactical level [higher management informed]. 

Formal process 
- Documented: yes. Level of completion: limited. 
- Followed: yes. 

Type 

- Non-routine, non-recurring [medium to high stress level due to time pressure]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 
- Available: spent lead-time, spent budget, implemented functional requirements, 

cost price, test results as an indication for reliability. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Not complete. 
- Average quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable and very uncertain. 
Environment - Open [not all variables known]. 

Trade-offs 
- No different explicit release alternatives evaluated, other than postponing the 

release date due to lack of progress in freezing and implementing the 
functional requirements, technical problems during implementation, and 
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reaching a ‘sufficient’ level of reliability. 
Models of choice - None used. 
Outcome - Uncertain: operational cost not known. 

4. Product Rollout 

Measurements 
- Defect repository in place: limited. 
- Analysis of defects: no. 
- Removal of process deficiencies based on analysis results: no. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-3: Main Findings ~ Case Study B 
 

4.3.3 Case Study C  
 
The participating organization supplies operators and service providers around the world, with 
end-to-end solutions, for all existing systems in mobile and broadband Internet. The solutions 
include network infrastructure, access equipment and terminals, application enablers and global 
services.  
 
The organization sells products and services to the local markets [Benelux] via the Market Unit. 
Research and development activities take place in the so-called Intercompany Unit. They are 
not restricted to the local markets and can be inter-company wide. A strategic product manager 
can order a design unit to execute the assignment to develop a product. The unit Project Office 
is responsible for taking care of all assignments. The actual development of the software is 
done in the design unit, where different departments exist for specific product portfolios. The 
project office consists of provisioning managers, who manage the projects related to the 
strategic roadmap. The design unit supplies a project management team, consisting of, at least, 
a project manager, quality coordinator and technical coordinator. 
 
The selected case was the development of a new version [9th revision] of a software platform 
for a digital telephone exchange, offering the facility to load intelligent network services. The 
reason to invest was to offer enhanced functionality. The associated investment level was 
medium [> Euro 1M and < Euro 10M] and the perceived strategic value of the release decision, 
including the presence of prospective large financial loss outcomes. The official organization’s 
process capability was CMM level 3. A high level of competition from few competitors 
characterizes the market in which the organization is operating with customers mainly network 
operators. 
 
For the different project phases, the following findings were made, as also summarized in 
Figure 4-4: 

1. Product Definition. A product development strategy was defined, which was complete 
and documented. The product development strategy was derived from a business case, 
but no overall business strategy was found, and alternatives were not explicitly 
considered. The initial estimates for schedule and budget were expertise-based, using 
past experience in the organization, but not using external industry averages. The initial 
estimates turned out to be optimistic, leading to a schedule and budget overrun.  

2. Product Design and Product Realization and Testing. Reliability and maintainability 
were not explicitly addressed during product design and product realization, although the 
product was based on a recommended architecture. Reliability was evaluated as an 
important release criterion during inspections and testing, whereas maintainability was 
not addressed. However, it was stated that stringent coding rules are regarded as an 
indirect means to assure high maintainability. 

3. Product Release. There is a formal process available to support the release decision-
making process, which was also followed. A steering committee at tactical level took the 
decision. The decision type was characterized as routine, with limited uncertainty, 
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discussed and postponed repetitively, and non-compensatory with reliability as the most 
important stop criterion, but release alternatives were not considered. The release date 
was postponed several times due to lack of progress in freezing and implementing the 
functional requirements, and problems with reaching a ‘sufficiently’ reliable product. An 
estimated budget for short-term and long-term maintenance activities was not available. 
The supporting product and development documentation was complete and of a high 
quality. The decision to release the product was taken when the major defects found 
during system testing were resolved. 

4. Product Rollout. After the product was released, defects were archived in a central 
repository, with limited analysis aiming to remove process deficiencies. It was not 
planned to evaluate the business case or project later. 

 
 

Aspect Description 
General 

Organization - Organization is one of the world’s leading companies in telecommunications. 
Manufacturer type - Commercial software. 
Business strategy - No overall business strategy found. 
Process capability - Officially assessed at CMM level: 3. 

Selected case[s] 
- The product developed was a software platform on a digital telephone 

exchange, offering the facility to load intelligent network services. The reason 
to invest was to offer enhanced functionality. 

Product 
characteristics 

- Version: 9th revision of an existing product [near end of life]. 
- Investment level: medium [> Euro 1M, < Euro 10M]. 
- Release decision: high strategic value. 
- Time horizon: long-term.  

Market characteristics 
- High level of competition from few competitors. 
- Products are sold worldwide. 
- Customers are mainly network operators. 

1. Product Definition 
Stakeholders - Steering committee at tactical level. 
Product development 
strategy 

- Defined: lead-time, budget, functional requirements, non-functional 
requirements, and compliance to internal and external standards. 

Priorities 
- No priorities: all criteria had to be met without exceptions. 
- Reliability and maintainability were extremely important. 

Degree of changes - Attainable [release date postponed several times]. 
Business case - Initially available [no financial or other method used], not updated. 
Estimation method - Expertise-based [mathematical/parameterised models known, not used]. 
Trade-offs - No different product development strategies considered. 

2a. Product Design 

Reliability - Not deployed to low-level components in the defined software architecture, but 
very detailed design and coding rules available 

Maintainability - Not deployed to low-level components in the defined software architecture, but 
very detailed design and coding rules available. 

Trade-offs - Different product design alternatives considered. 
Methods - Unknown, not used. 

2b. Product Realization and Testing 
Reliability - Evaluated via inspections, and integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 
Stakeholders - Steering committee at tactical level. 

Formal process 
- Documented: yes. Level of completion: medium. 
- Followed: yes. 

Type 

- Routine, recurring [low stress level]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information - Available: spent lead-time, spent budget, implemented functional requirements, 
test results as an indication for reliability, compliance to internal and external 
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standards. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Complete. 
- High quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable and very uncertain. 
Environment - Open [not all variables known]. 

Trade-offs 
- No different explicit release alternatives evaluated, other than postponing the 

release date due to lack of progress in freezing and implementing the defined 
functional requirements, and reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 

Outcome - Relatively certain: minor changes implemented with respect to previous version 
and development processes have been prescribed in detail. 

4. Product Rollout 

Measurements 
- Defect repository in place: limited. 
- Analysis of defects: limited. 
- Removal of process deficiencies based on analysis results: limited. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-4: Main Findings ~ Case Study C 
 

4.3.4 Case Study D 
 
Participating organization is an independent business unit within a multi-national, offering 
flexible staffing, projects and consultancy. The project organization develops product software, 
both for products and for support during production of these products. Products are more and 
more interconnected via networks. The share of connectivity-related software is therefore 
increasing. Connections to the Internet are often required. The organization is heavily involved 
in creating products for digital audio and video areas, e.g. CD, DVD-RW, digital-TV and Set 
Top Boxes. Web-TV and Internet-Radio are logical extensions in this field, including 
corresponding e-business applications. The software created varies from embedded software on 
dedicated hardware to complex technical applications on multiple-processor based systems. 
Besides real-time operating systems, Unix or MS-Windows, including look-alikes and 
derivates, are often applied. The share of Linux and Embedded Windows-NT is increasing. The 
software architecture used is often based on multiple abstraction layers, each describing the 
corresponding functionality. One recognizes hardware, operating system and device driver 
layers. The corresponding database and application software is also independently created. 
Corresponding tools and systems often support user interface development. More and more 
product-related software can be updated remotely and the product can be controlled remotely. 
Corresponding interfaces are mainly based on TCP/IP and web-technology. Examples in this 
area are remote service and control of products, including corresponding e-business 
applications. 
 
The selected case was the development of a major revision of an existing software product that 
provides facilities to transfer large volumes of data via a dedicated network. The associated 
investment level is low [< Euro 0.5M] as well as the perceived strategic value of the release 
decision strategic value, no prospective large financial loss outcomes. The organization’s 
process capability is CMM level 2. The product was developed for an external company 
[principal] to be further maintained by that company after the product release. The reason for 
the principal investing is the replacement of an existing system, so as to enable future 
enhancements. 
 
For the different project phases, the following findings were noted, with detailed findings in 
Figure 4-5: 
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1. Product Definition. A product development strategy was defined, which was complete 
and documented, however no consensus was found among the informants. The product 
development strategy was derived from a business case, but overall business strategy was 
not found, and alternatives were not explicitly considered. The initial estimates for 
schedule and budget were expertise-based, using experience within the organization but 
not using external industry averages. The initial estimates were optimistic, leading to a 
schedule and budget overrun.  

2. Product Design and Product Realization and Testing. Reliability and maintainability 
were not explicitly addressed during product design and product realization. Reliability 
was evaluated as an important release criterion during testing, while maintainability was 
not addressed.  

3. Product Release. There was a formal process available to support the release decision-
making process, which was partially followed, although its level of completion was 
limited. A steering committee at tactical level took the decision. The decision type was 
characterized as routine, despite a high level of uncertainty, discussed and postponed 
repetitively, and non-compensatory with reliability as the most important stop criterion, 
but release alternatives were not considered, nor explicitly evaluated. The release date 
was postponed several times due to lack of progress in freezing and implementing the 
functional requirements, and problems in reaching a ‘sufficiently’ reliable product. An 
estimated budget for short-term and long-term maintenance activities was not available. 
The supporting product and development documentation was complete and of high 
quality. The decision to release the product was taken when the major defects found 
during system testing were resolved.   

4. Product Rollout. After the product was released, defects were archived in a central 
repository, with limited analysis aiming to remove process deficiencies. It was not 
planned to further evaluate the business case or project afterwards. 

 
 

Aspect Description 
General 

Organization - Participating organization is an independent business unit within a multi-
national, offering flexible staffing, projects and consultancy. 

Manufacturer type - Custom systems written on contract. 
Business strategy - There was no overall business strategy found. 
Process capability - Officially assessed at CMM level: 2. 

Selected case[s] 

- The product developed was a software product that provides facilities to 
transfer large volumes of data via a dedicated network. Product is developed 
for an external company [principal] and will be further maintained by that 
company after product release. The reason for the principal to invest was the 
replacement of an existing system to enable future enhancements. 

Product 
characteristics 

- 4th version of an existing product [redesign]. 
- Investment level: low [< 0.5M Euro]. 
- Release decision: low strategic value. 
- Time horizon: short-term to mid-term. 

Market characteristics - Customers are businesses. 
1. Product Definition 

Stakeholders - Steering committee at tactical level. 

Product development 
strategy 

- Defined: time-to-market, budget, functional requirements, non-functional 
requirements, [including reliability and maintainability], compliance to internal 
standards. 

Priorities 
- Documented in project management plan. 
- No consensus among informants. 
- For earlier versions: time-to-market expected to have been more important. 

Degree of changes - Attainable [release date postponed several times]. 
Business case - Initially available [no financial or other method used], not updated. 
Estimation method - Expertise-based [mathematical, parameterised models known, not used]. 
Trade-offs - No different product development strategies considered. 
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2a. Product Design 
Reliability - Not deployed to low-level components in the defined software architecture. 
Maintainability - Not deployed to low-level components in the defined software architecture. 
Trade-offs - Different product design alternatives considered. 
Methods - Known, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release  
[not yet taken place, and the expectations of the informants are summarized here] 

Stakeholders - Steering committee at tactical level. 

Formal process 
- Documented: yes. Level of completion: limited. 
- Followed: partially. 

Type 

- Routine, recurring [medium stress level]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 
- Available: spent lead-time, spent budget, implemented functional requirements, 

test results as an indication for reliability. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Near complete. 
- Average quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable and very uncertain. 
Environment - Open [not all variables known]. 

Trade-offs 
- No different explicit release alternatives evaluated, other than postponing the 

release date due to lack of progress in freezing and implementing the defined 
functional requirements, and reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 
Outcome - Uncertain: operational cost not known. 

4. Product Rollout 

Measurements 
- Defect repository in place: yes. 
- Analysis of defects: limited. 
- Removal of process deficiencies based on analysis results: limited. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-5: Main Findings ~ Case Study D 
 

4.3.5 Case Study E 
 
The participating organization is the world’s leading supplier of instrumentation and software 
for X-ray diffractometry and X-ray fluorescence spectrometry, with more than a half century of 
experience. The company offers X-ray analytical equipment for industrial and scientific 
applications, as well as for the semiconductor market. 
 
The organization distinguishes two Lines Of Business [LOB’s]: ‘Industrial and Scientific 
Research’ and ‘Process and Quality Control’. Each LOB defines a road map, which is reviewed 
at a strategic level. A business case is defined for each project: goals in terms of product needs 
[functional and non-functional], expected cost price, budget and lead-time. Projects are multi-
disciplinary: electronic, mechanical, physical disciplines [Hardware Development group] and 
software disciplines [Software Development group] are involved. Each project has a temporary 
assignment with defined goals. The hardware and software development groups assign budget 
and resources to the projects. Maintenance of released products is also the responsibility of 
departments [in exceptional cases, dedicated projects are defined]. 
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The selected case was the development of a new product for the calculation and analysis of 
measured values obtained by X-ray fluorescence. Reason to invest: entering the market with a 
new product. The associated investment level was high [> Euro 10M] as was the perceived 
strategic value of the release decision, in the presence of large prospective financial loss 
outcomes. Many new product technologies were introduced. The official organization’s process 
capability is CMM level 3. A high level of competition from few competitors characterizes the 
market in which the organization is operating, with customers mainly professional businesses. 
 
For the different project phases the following findings were made, with details summarized in 
Figure 4-6: 

1. Product Definition. A product development strategy was defined, which was complete 
and documented, but no consensus regarding the priorities was found among informants. 
The product development strategy was derived from a business strategy [road map] and 
business case, but alternatives were not explicitly considered. The initial estimates for 
schedule and budget were expertise-based, using past experience of the organization but 
not using external industry averages. The initial estimates turned out to be too optimistic, 
leading to substantial schedule and budget overruns.  

2. Product Design and Product Realization and Testing. Reliability and maintainability 
were not addressed during product design and product realization [although the product 
was based on a recommended architecture]. Reliability was evaluated as an important 
release criterion during testing, whereas maintainability was not addressed.  

3. Product Release. There was a formal process available to support the release decision-
making process, which was partially followed. A steering committee at tactical level took 
the decision. The decision type was characterized as non-routine, with complete 
uncertainty, discussed and postponed repeatedly, and non-compensatory with reliability 
the most important stop criterion. Different release alternatives were not explicitly 
evaluated. The release date was postponed several times, due to lack of progress in 
freezing and implementing the functional requirements, the encounter of technical 
problems during implementation and problems in reaching a ‘sufficiently’ reliable 
product. An estimated budget for short-term and long-term maintenance activities was 
not available. The supporting product and development documentation was incomplete 
and of average quality. The decision to release the product was taken when major defects 
found during system testing were resolved. 

4. Product Rollout. After the product was released, defects were archived in a central 
repository, with limited analysis aiming to remove process deficiencies. It was not 
planned to further evaluate the business case or project afterwards. 

 
 

Aspect Description 
General 

Organization - Participating organization is one of the world's leading suppliers of 
instrumentation and software for X-ray analysis. 

Manufacturer type - Commercial software. 
Business strategy - In order of priority: 1. Quality, 2. Lead-time, 3. Functionality, 4. Budget. 
Process capability - Officially assessed at CMM level: 3. 

Selected case[s] - The product calculates and analyses the measured values obtained by X-ray 
fluorescence. Reason to invest was to enter the market with a new product.  

Product 
characteristics 

- First version of a new product [not only software]. 
- Investment level: medium [> Euro 1M, < Euro 10M]. 
- Release decision: high strategic value. 
- Introduction of new product technologies. 
- Time horizon: long-term. 

Market characteristics 
- High level of competition from few competitors. 
- Products are sold worldwide. 
- Customers are professional users [business-to-business]. 
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1. Product Definition 
Stakeholders - Steering committee at tactical level. 

Product development 
strategy 

- Defined: time-to-market, budget, functional requirements, non-functional 
product requirements [including reliability and maintainability], cost price, 
compliance with external and internal standards. 

Priorities 
- Documented (see product development strategy).  
- No consensus among informants. 
- Time-to-market expected to be less important for future versions. 

Degree of changes - Dynamic [release date postponed several times: considerable schedule/budget 
overruns]. 

Business case - Initially available [no financial or other method used], not updated. 
Estimation method - Expertise-based [mathematical, parameterised models not known]. 
Trade-offs - No different product development strategies considered. 

2a. Product Design 
Reliability - Not deployed to low-level components in the defined software architecture. 
Maintainability - Not deployed to low-level components in the defined software architecture. 
Trade-offs - No different product design alternatives considered. 
Methods - Known, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 
Stakeholders - Steering committee at tactical level [higher management informed]. 

Formal process 
- Documented: yes. Level of completion: limited. 
- Followed: partially. 

Type 

- Non-routine, non-recurring [medium to high stress level due to time pressure]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 
- Available: spent lead-time, spent budget, implemented functional requirements, 

test results as an indication for reliability. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Not complete. 
- Average quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable and uncertain. 
Environment - Open [not all variables known]. 

Trade-offs 

- No different explicit release alternatives evaluated, other than postponing the 
release date due to lack of progress in freezing and implementing the defined 
functional requirements, technical problems during implementation, and 
reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 
Outcome - Very uncertain: operational cost not known. 

4. Product Rollout 

Measurements 
- Defect repository in place: limited. 
- Analysis of defects: limited. 
- Removal of process deficiencies based on analysis results: limited. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-6: Main Findings ~ Case Study E 
 

4.3.6 Case Study F 
 
The participating organization develops and maintains an electronic trading platform, enabling 
the fully automated execution, clearing and settlement of all exchange transactions. The 
platform offers an order-driven market, off order book trading, reporting functions as well as 
automatic clearing and settlement. This real-time processing of stock market transactions is 
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achieved by a group of subsystems interacting with each other in a network environment. It is 
the home exchange and key market for major international companies. Over 100 participants 
from the home country and other countries, including some of the most important global 
players in the financial markets, trade on this exchange market. 
 
From the strategic planning process with a horizon of several years, the management boards 
draws up a business plan and related financial budget for the next year in the following 
subsequent steps: 

 Ideas for new projects are investigated and assessed as to how they fit in the overall 
strategy. 

 Existing projects are roughly calculated for the coming year in terms of effort, costs and 
investments. From the selected new projects and existing projects the needed investments 
are derived, as well as the staff profile, leading to the project portfolio. 

 The project investments are combined with additional costs and are to be formally 
approved by the board of directors. 

 
The responsible department starts the selected projects on planned dates. Projects that are not 
part of the business plan may eventually be started after formal approval by the management 
board. The business plan or project portfolio is reviewed four times a year. Attention is given to 
the actual status of running projects and the planned data of projects still to start. Progress of all 
projects running is measured on a weekly basis. The management board reviews all projects 
every four weeks and ensures that current and planned activities, as part of the project portfolio, 
remain aligned with the overall business plan. 
 
The case selected was the development of a software platform, offering an electronic trading 
facility for stock market transactions. The reason to invest was to offer enhanced functionality. 
The associated investment level was medium [> Euro 1M], whereas the perceived strategic 
value of the release decision was high, in the presence of large prospective financial loss 
outcomes. The organization’s process capability was estimated to be CMM level 2-3 
[institutionalized processes at project level and limited at organizational level]. Customers are 
banks and investment companies, as participants in the exchange. 
 
The following findings were noted, with detailed findings summarized in Figure 4-7: 

1. Product Definition. A product development strategy was defined, which was both 
comprehensive and documented. The product development strategy was further derived 
from a business strategy [annual business plan] and business case, but different 
alternatives were not explicitly considered. The initial estimates for schedule and budget 
were expertise-based, using past experience of the organization but not using external 
industry averages. The initial estimates turned out to be slightly optimistic, leading to a 
schedule overrun.  

2. Product Design and Product Realization and Testing. Reliability and maintainability 
were not explicitly addressed during product design and product realization, although the 
product was based on a recommended architecture. Reliability was evaluated as an 
important release criterion during testing, whereas maintainability was not addressed.  

3. Product Release. There was a formal process available to support the release decision-
making process, which was partially followed, although its level of completion was 
limited. A steering committee at tactical level took the decision. The decision type was 
characterized as routine, with limited uncertainty, discussed and postponed repetitively, 
and non-compensatory with reliability as the most important stop criterion. Different 
release alternatives were not explicitly evaluated. The release date was postponed several 
times due to lack of progress in freezing and implementing the functional requirements, 
the encounter of technical problems during implementation, and problems with reaching 
a ‘sufficiently’ reliable product.  An estimated budget for short-term and long-term 
maintenance activities was not available. The supporting product and development 
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documentation was near complete and of average to high quality. The decision to release 
the product was taken when the major defects found during system testing were resolved. 

4. Product Rollout. After the product was released, defects were archived in a central 
repository, without analysis aiming to remove process deficiencies. It was not planned to 
further evaluate the business case or project afterwards. 

 
Aspect Description 

General 

Organization - Participating exchange organization brings together participants, issuers and 
investors in an efficient and transparent securities market. 

Manufacturer type - Custom systems written in-house. 
Business strategy - There was no overall business strategy found. 

Process capability - Estimated CMM level: 2-3 [institutionalized processes at project level and 
limited at organizational level]. 

Selected case[s] 
- The product developed is a software platform, offering an electronic trading 

facility for stock market transactions. The reason to invest was to offer 
enhanced functionality. 

Product 
characteristics 

- Version: 6th revision of existing product; investment level: medium [> Euro 1M]. 
- Release decision: high strategic value. 
- Time horizon: long-term. 

Market characteristics - Limited competition; customers are banks and investment companies, being 
participants of the exchange. 

1. Product Definition 
Stakeholders - Steering committee at tactical level. 
Product development 
strategy 

- Defined: time-to-market, budget, functional product needs, non-functional 
products needs [including reliability and maintainability]. 

Priorities 
- Functional and non-functional requirements. 
- Not explicitly documented. 

Degree of changes - Attainable [release date postponed several times]. 

Business case 
- Initially available [no financial or other method used], not updated. 
- The business case only mentioned the development cost due to the inability to 

allot benefits to a specific product release. 
Estimation method - Expertise-based [mathematical, parameterised models not known]. 
Trade-offs - No different product development strategies considered. 

2a. Product Design 
Reliability - Not deployed to low-level components in the defined software architecture. 
Maintainability - Not deployed to low-level components in the defined software architecture. 
Trade-offs - No different product design alternatives considered. 
Methods - Unknown, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 
Stakeholders - Steering committee at tactical level [higher management informed]. 

Formal process 
- Documented: yes. Level of completion: limited. 
- Followed: yes. 

Type 

- Non-routine, non-recurring [medium stress level]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 

- Available: spent lead-time, spent budget, implemented functional requirements, 
compliance with internal and external standards, test results as an indication 
for reliability. 

- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Near complete. 
- Average to high quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable. 
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Environment - Open [not all variables known]. 

Trade-offs - No different explicit release alternatives evaluated, other than postponing the 
release date due to lack of progress in reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 
Outcome - Relatively certain: minor changes implemented on previous version. 

4. Product Rollout 

Measurements 
- Defect repository in place: yes. 
- Analysis of defects: no. 
- Removal of process deficiencies based on analysis results: no. 

Evaluation - No evaluation of business case or project planned. 
 

Figure 4-7: Main Findings ~ Case Study F 
 

4.3.7 Case Study G 
 
The participating organization is a leading global financial services company. The organization 
aims to continuously invest in its core businesses and technology; to deliver a strong 
performance for its clients; and demonstrate responsibility towards the environment and the 
communities in which it operates. The organization’s strategy is to build its leadership as one of 
the top five global financial services companies by focusing on two core businesses in key 
markets: asset gathering/management and financial intermediation. 
 
Two cases were studied in this organization. The first selected case was the development of a 
set of various mortgage-related products. This project has a long history that goes back to 1982. 
In the nineties, several attempts were to start a project to renew the existing application. For 
various reasons, these attempts failed. In March 2001, the project under review was (re-) 
started, which delivered the first release of a new product in November 2002, with customers 
for the product local agents within the same organization The associated investment level was 
high [> Euro 10M] as well as the perceived strategic value of the release decision, in the 
presence of large prospective financial loss outcomes. The project was financed both by the 
business division and the IT division. Although its calculated Net Present Value is negative, the 
upgrade to a new product was felt to be compulsory due to changed user requirements and 
technological developments. The second case was a project to offer a general platform for other 
e-commerce products. In this sense, this infrastructure project did not deliver a product for end-
users. The primary focus in this case study has been on the first project, whereas the second 
project was used for verification. Through this approach, it is assumed results can be 
generalized. The organization’s process capability was estimated to be CMM level 2-3 
[institutionalized processes at project level and limited at organizational level]. 
 
The following findings were noted, with details summarized in Figure 4-8: 

1. Product Definition. The product development strategy was both defined and 
comprehensive, but was not documented and no consensus on the priorities was found 
among informants. The product development strategy was derived from a business case, 
but overall business strategy was not found, and different alternatives were considered. 
The initial estimates for schedule and budget were expertise-based, using past experience 
in the organization but not using external industry averages. The initial estimates turned 
out to be too optimistic, leading to substantial schedule and budget overruns. The main 
reason for these overruns was difficulty in ‘freezing’ requirements. 

2. Product Design and Product Realization and Testing. Both reliability and maintainability 
were addressed during product design and product realization. Reliability was evaluated 
as an important release criterion during testing, whereas maintainability was not 
addressed.  

3. Product Release. There was a formal process available to support the release decision-
making process, which was also followed, although its level of completion was limited. 
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A steering committee at tactical level took the decision. The decision type was 
characterized as non-routine, with complete uncertainty, discussed and postponed 
repetitively, and non-compensatory with reliability as the most important stop criterion. 
Different release alternatives were not explicitly evaluated. The release date was 
postponed several times due to lack of progress in freezing and implementing the 
functional requirements, and problems with reaching a ‘sufficiently’ reliable product. An 
estimated budget for short-term and long-term maintenance activities was not available. 
The supporting product and development documentation was near complete and of 
average to high quality. The decision to release the product was taken when major 
defects found during system testing were resolved. 

4. Product Rollout. After the product was released, defects were archived in a central 
repository, but analysis, with the objective of removing process deficiencies, was not 
foreseen although it was planned to evaluate the business case afterwards. 

 
Aspect Description 

General 
Organization - Participating organization is a leading global financial services company. 
Manufacturer type - Custom systems written in-house. 
Business strategy - There was no overall business strategy found. 

Process capability - Estimated CMM level: 2-3 [institutionalized processes at project level and 
limitedly at organizational level]. 

Selected case[s] 

- The product developed covers a set of various mortgage-related products. 
Reason to invest was the replacement of an existing system to increase 
productivity.  

- In this case study, a second project was also observed. This project developed 
an IT-infrastructure for other projects, also strategically important and with a 
high investment level.  The findings confirmed the findings made in the 
reference project. 

Product 
characteristics 

- First version of a new software product; investment level: high [> Euro 10M]. 
- Release decision: high strategic value. 
- Introduction of new hardware infrastructure. 
- Time horizon: long-term. 

Market characteristics 
- No competition. 
- Customers are local agents within the same organization. 

1. Product Definition 

Stakeholders 
- Officially: Steering committee at tactical level. 
- In practice: project leader and end-user representatives. 

Product development 
strategy 

- Defined: time-to-market, development cost, functional requirements, non-
functional requirements [especially reliability, maintainability and performance] 
and compliance to internal standards. 

Priorities 
- Not documented. 
- No consensus among informants. 
- For future versions: time-to-market expected to become less important. 

Degree of changes - Dynamic [release date postponed several times: considerable schedule/budget 
overruns]. 

Business case - Initially available [NPV], updated. 
Estimation method - Expertise-based [mathematical, parameterised models not known]. 
Trade-offs - Different product development strategies considered. 

2a. Product Design 
Reliability - Deployed to low-level components in the defined software architecture. 
Maintainability - Deployed to low-level components in the defined software architecture. 
Trade-offs - No different product design alternatives considered. 
Methods - Unknown, not used. 

2b. Product Realization and Testing 
Reliability - Only evaluated during integration and system testing. 
Maintainability - Not evaluated. 

3. Product Release 
Stakeholders - Steering committee at tactical level [higher management informed]. 
Formal process - Documented: yes. Level of completion: limited. Followed: yes. 



 PRACTICAL EXAMPLES 

 

88

Type 

- Non-routine, non-recurring [medium to high stress level due to time pressure]. 
- Complete uncertainty [environment, alternatives]. 
- Repetitive. 
- Non-compensatory. 

Information 
- Available: spent lead-time, spent budget, implemented functional requirements, 

test results as an indication for reliability. 
- Not available: maintainability level. 

Maintenance budget 
- No budget estimate for short-term maintenance effort [corrections]. 
- No budget estimate for long-term maintenance effort  [enhancements]. 

Documentation 
- Near complete. 
- Average to high quality. 

Constraints - Time and cost. 
Quantifiable - Reliability and maintainability levels not quantifiable. 
Environment - Open [not all variables known]. 

Trade-offs 
- No different explicit release alternatives evaluated, other than postponing the 

release date due to lack of progress in freezing and implementing the defined 
functional requirements, and reaching a ‘sufficient’ level of reliability. 

Models of choice - None used. 
Outcome - Uncertain: operational cost not known. 

4. Product Rollout 

Measurements 
- Defect repository in place: no. Analysis of defects: no. 
- Removal of process deficiencies based on analysis results: no. 

Evaluation - Success of business case planned to be evaluated. 
 

Figure 4-8: Main Findings ~ Case Study G 
 

4.4 Answers to the Exploratory Questions 
 
The case study results presented in the previous Section are used to find the answers to the 
questions raised in Chapter 3. Pattern-matching is used as the analytical strategy (see Section 
2.7). A summary of the results is also presented by Sassenburg and Berghout (2004). 
 

4.4.1 Economic Perspective 
 
1. Which product development strategies do different software manufacturer types use? 
 
In Figure 4-9, the product development strategies with the priority order of project objectives 
found are summarized for the different cases studied. It is indicated if the product development 
strategy was documented [+] or not [–] and whether the informants showed consensus on their 
perception of the product development strategy [+] or not [–]. 
 
The following observations are made: 

 In four cases [B, C, D, E] the product development strategies were documented, however 
only in two cases did informants report consensus on documented [C] or perceived [F] 
priorities. In the cases where no documentary evidence could be found on the product 
development strategy, one case [F] showed consensus among the informants.  

 Intuitively, a correlation between process maturity level and the availability of a 
documented and commonly accepted product development strategy was expected. Some 
supporting evidence was found: the organization with the highest process maturity level 
[C] matches both conditions [documented and consensus] and the organization with the 
lowest process maturity level [A] matches none. However, the situation found in, for 
example, case G [high process maturity level but no matches] is in contrast. 

 For the product release moment, the focus in all cases was on reaching a sufficiently high 
level of reliability. This is remarkable, as in all cases but two [C, E], reliability was not 
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explicitly documented or stated within the product development strategy as a high 
priority issue [in D it was assigned the lowest priority]. However, in all cases it was 
implicitly the main driver for postponing the release date during the test phases.  

 The reasons for delays in the release date were similar in all cases: difficulties in making 
the functional requirements explicit and complete, changes to the initially frozen 
requirements, incomplete and/or unrealistic project plans resulting in poor project 
performance. The results of a study conducted by the Standish Group (1995) reveal 
similar reasons for project failure, as in Figure 4-10. In three cases [A, B, E], additional 
complexity arose from the introduction of new technologies.  

 
 

Product Development Strategy 
Case 

Product 

Version Priority Order: high  low Documented Consensus 

A First Unknown – – 

B First Time-to-market, functional 
requirements, cost price 

+ – 

C Subsequent All + + 

D Subsequent 

Development cost, functional 
requirements, performance, portability, 
time-to-market, maintainability, service 

maintainability, reliability 

+ – 

E First Reliability, time-to-market, functional 
requirements, development cost + – 

F Subsequent Functional requirements, non-functional 
requirements 

– + 

G First Unknown – – 
 

Figure 4-9: Priorities for Product Development Strategy 
 
The first conclusion is that documented and commonly-accepted product development 
strategies are not common in the cases studied. This is an important conclusion, as having 
consensus among all stakeholders about the priority setting in a product development strategy is 
an important factor to enable selection among different alternatives at crucial project 
milestones, such as project definition, product design and product release. If different 
stakeholders are not working toward a common goal, then energy that should be focused on 
meeting that goal could be dissipated. 
 

Reason for Failure Percentage [%] 
1. Requirements not explicit enough – different interpretations possible 13.1 

2. Users insufficiently involved 12.4 

3. Lack of resources [budget, people] 10.6 

4. Unrealistic expectations   9.9 

5. Insufficient management support   9.3 

6. Requirements unstable [subject to changes]   8.7 

7. Project plans incomplete or lack of sufficient detail   8.1 

8. No more need for the application   7.5 
 

Figure 4-10:  Fail Factors in Software Projects  
       (Standish Group 1995) 
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The second conclusion is that although not always made explicit, or stated, reliability plays an 
important role in the cases studied, as it was the most important criterion for postponing the 
release date during the later project phases of implementation and test. 
 
2. Do law-like generalizations for product development strategies exist, as in Moore’s 

model? 
 
In cases A, B, E and G new products were developed. Time-to-market was considered the most 
important criterion in case B, but not in case E where reliability was considered most important. 
For cases A and G, the situation was not clear. In cases C, D and F subsequent versions of 
existing products were developed. Both functional and non-functional requirements, among 
which reliability, are considered important.  
 
In practice, all cases revealed an increasing focus on reliability near the end of product 
development prior to the release decision. This was true both where new products, and 
subsequent versions of existing products, were developed. In case B for example, it was stated 
during the interviews, and later discussions about the final case study report, that the 
organization has a reputation to uphold [that their products are reliable], irrelevant of whether it 
is a new product or not.  
 
No evidence could be found supporting the validity of Moore’s model. It may be valid in some 
situations, but its validity heavily depends on characteristics of the environment, and the 
software manufacturer organization. It may well be true that Moore’s model applies to mass-
markets for commercial software products. Software manufacturers studied here do not operate 
in these markets.  
 
Other law-like generalizations could not be made, other than two observations. In the first 
place, all cases studied revealed an increasing focus on reliability near the end of product 
development, although it was hardly possible to quantify the reliability level obtained. Put 
differently, whether or not addressed as a high priority in the product development strategy, 
reliability was always a high priority issue prior to the release decision. The second observation 
is that, irrespective of whether maintainability was mentioned in the product development 
strategy or not, its actual value prior to the release decision was not considered. 
 
3. Which market entry strategies do different software manufacturer types use? 
 
In all cases except one [A], business cases were developed as the rationale for the investment 
decision prior to the start of the related projects. Only in one case [G], did the cost/benefit 
analysis include the application of a capital budgeting method (NPV). In all cases the initial 
project definition changed during subsequent project stages, of design, implementation and test, 
but the initial business case was not updated to reflect the new situation except in case G. 
Changes in the external environment and unexpected project performance forced all projects to 
reconsider the initially-planned release date and thus their market entry strategy. The fact that 
non-functional requirements like reliability and maintainability criteria could not be quantified 
near the release date also made it difficult, if not impossible, to assess their contribution to costs 
and benefits in purely financial terms. In none of the cases was the release decision based on a 
cost-benefit analysis from a strictly economic point of view.  
 
Even if it was possible to assign values to, for example, reliability, it is questioned whether this 
would enable a cost-benefit analysis. It would require knowledge about the exact relationships 
between the different project objectives. Suppose the relationships between the four objectives 
time-to-market, functionality, development cost and reliability were known, it would enable a 
decision-maker to apply six trade-off rules among these parameters, as in Figure 4-11.  
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Each circle is related to an objective and represents an equivalent loss value. Having such a 
scheme available enables a decision-maker to consider different trade-offs. It would, for 
example, be advantageous if a cut-off of T months from the development time could be met by 
spending less than C/T money. In reality, such a trade-off model would be far more complex by 
introducing additional parameters, such as short-term operational cost, [for corrective 
maintenance], long-term operational cost [for adaptive/perfective maintenance] and revenues.  
 
 

Time

T
months delay

Features

F%
feature decrease

Cost

C
cost increase

Quality

Q%
quality increase

Q/F %
quality per % feature

C/T
cost per month

F/T %
feature per month

C/Q
cost per % quality

Q/T %
quality per month

C/T
cost per % feature

 
 

Figure 4-11:  Trade-off Rules for Four Parameters  
     (Smith 1990) 

 
The first conclusion is that, in the study environment, using supporting methods to make a cost-
benefit analysis, or investment appraisal, is not common [except in G]. The market entry 
strategy found in the case studies was to increase the product reliability until it was found to be 
‘good enough’. Secondly, it is concluded that a purely quantitative cost-benefit analysis to 
determine a market entry strategy is difficult. Quantifying all parameters without uncertainties 
is problematic, as it is unlikely that the exact relationships between all parameters will be 
known. Given the fact that this applies to all cases studied, it is assumed this will apply to 
software development in general. 
 

4.4.2 Software Management Perspective 
 
4. Which methods are used to estimate development cost and schedule? 
 
In all cases, expertise-based estimates were made for development cost and schedule. However, 
in none of the cases was a repository with information from past projects found to support the 
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estimates. None of the organizations mentioned the application of mathematical, parameterised 
models like COCOMO II or SLIM-Estimate. The existence of such models was in most cases 
unknown, except in cases C and D. 
 
It is concluded that a gap exists between the results of academic efforts and the application of 
these results in the software industry; at least in the cases studied. The conclusion might be 
valid beyond the studied environments, as this gap has been identified before. Poore (2004), for 
example, states that software engineering suffers a decided lack of direction, whereas other 
disciplines seem to evolve from theory to practice relatively responsibly. The reason for this 
gap remains unclear. Does the theory not address practical needs, or does the software industry 
consciously, or unconsciously, ignore the available results? Related to this, in Section 4.6 some 
remarks on model adoption will be put forward; considered important for the methodology to 
be designed. 
 
5. Are different project and design alternatives considered? 
 
In all cases, no different project definition alternatives were explicitly evaluated. Based on 
available information a project proposal or project plan was developed and reviewed.  
 
Only in case G were different design alternatives considered. In all other cases, either the 
existing design or architecture was reused, or adapted, [C, D, F], or a new design or architecture 
was developed without considering different alternatives [A, B, E]. In all cases, supporting 
methods were neither known nor used: for example, the Architecture Tradeoff Assessment 
Method or ATAM (Kazman et al. 1998); Software Architecture Assessment Method or SAAM 
(DeSimone, and Kazman 1995); Cost Benefit Analysis Method or CBAM (Asundi et al. 2000; 
Asundi and Kazman 2001); and Model Based Architecting and Software Engineering or 
MBASE (Boehm  et al. 1999).  
 
Again, the important conclusion is the existence of a gap between the results of academic 
efforts and the application of these results in the software industry, at least in the cases studied, 
and possibly/probably valid beyond the studied environments. Whether methods for 
considering different design alternatives would be beneficial was not investigated, however it is 
assumed that this is likely to be true especially in cases where, for example, a trade-off must be 
made between conflicting non-functional requirements. 
 
6. To what extent are reliability requirements defined, deployed and evaluated? 
 
In most cases, reliability turned out to be an important project objective, irrespective of whether 
it was documented, or whether there was consensus among the informants. In most cases, the 
requirements with respect to reliability were documented, for example, as the Mean Time 
Between Failures in hours (MTBF) or Availability [MTBF/(MTBF + MTTR), where MTTR is 
Mean Time To Repair]. 
 
Only in case G was evidence found that, during the design or architecture phase, time and effort 
was spent to deploy reliability to identified components in the design. In case C detailed design 
and coding rules were available with the implicit objective of contributing to a high level of 
reliability.  
 
In all cases, reliability was evaluated by integration and system tests. However, in none of the 
cases were software defect prediction models, or software defect estimation models, used. Both 
developers and representatives from other departments analysed the number of reported 
problems over a certain period of time. When the number stabilized or remained below a 
certain threshold, the software was considered ‘good enough’. This closely resembles the 
assumption made in Section 3.3.2 that software manufacturers consciously, or unconsciously, 
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continue testing until all known critical problems are removed, whereafter further testing is 
considered to be more harmful than helpful.  
 
It is concluded that reliability is normally an important non-functional requirement, but that the 
deployment of its defined value to design components as well as the determination of its exact 
value during testing is not a trivial exercise. As explained in answering the next case study 
question, the deployment and evaluation of non-functional requirements like reliability is a 
problem noticed by many researchers. This conclusion is therefore assumed to have validity 
beyond the studied environments. 
 
7. To what extent are maintainability requirements defined, deployed and evaluated? 
 
In all cases, maintainability was mentioned as an important project objective. However, in none 
of the cases was maintainability defined in quantitative terms.  
 
Only in case G was evidence found that, during the design or architecture phase, time and effort 
was spent to deploy maintainability in identified components. In case C, very detailed design 
and coding rules were available with the objective of contributing to high product 
maintainability.  
 
It may not always be possible to conduct a simple mathematical breakdown of non-functional 
requirements to low-level components. This is true for most quality attributes as distinguished 
in the various quality models like the ISO/IEC 9126 standard (ISO 2001b, 2003b, 2003c, 
2004e), based on research and publications of, for example, McCall et al. (1977) and Boehm et 
al. (1978). This standard distinguishes six different classes of product attributes, like 
‘maintainability’, which are mapped onto quality sub-characteristics, as in Figure 4-12. 
 

Software
Quality

Usability

Efficiency

Reliability

Functionality

Maintainability

Portability
 

 
Figure 4-12: Attributes describing Software Quality  
           (ISO 2001b) 

 
Kitchenham and Pfleeger (1996) consider these quality models share certain common 
problems: 

 They lack a rationale for determining the hierarchy [characteristics and sub-
characteristics in ISO/IEC 9126; factors and criteria in the McCall model], making it 
impossible to use the model as a reference to define all non-functional requirements.  
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 There is no description of how the lowest level metrics [indicators in ISO/IEC 9126] can 
be used to evaluate non-functional requirements at a higher level. In this case 
implementation rules may be defined that will implicitly contribute to meeting the non-
functional requirement at product level. Parnas (1997), for example, describes how a 
high level of extension, or maintainability, can be obtained through design rules. Dromey 
(1996) suggests instead a bottom-up approach by defining and building in a consistent, 
harmonious, complete set of product properties and linking these product properties to 
the high-level non-functional requirements. He distinguishes the following categories of 
product property classifications for quality: correctness properties, internal properties, 
contextual properties and descriptive properties. He identifies two categories of 
implementation components: those that describe computations and those that describe 
data. An empirical process is used to determine the quality-carrying properties for each 
implementation component and their relationship to the property classification(s). 

 
In none of the cases was product maintainability evaluated prior to the release decision. Only in 
case C was it verified that the detailed design and coding rules were followed, implicitly 
contributing to high product maintainability. Examples of a poor repository for defects were 
found in various cases [B, C, D, E], but only in a limited number of cases [C, D, E], were 
analysis activities conducted to find root causes for defects. 
 
It is concluded that maintainability is a difficult non-functional requirement to define, deploy 
and evaluate; a conclusion assumed to be valid beyond the studied environment.  
 
8. How do software manufacturers estimate post-release operational cost, for short-term 

corrective activities and long-term product enhancements, prior to the release decision? 
 
In none of the cases studied was information available to estimate the expected post-release 
maintenance effort. This observation holds both for the corrective maintenance effort and the 
adaptive/perfective maintenance effort. Reasons were: 

 The reliability level was uncertain, making it difficult to [accurately] estimate the 
expected number of post-release defects. 

 The average effort or cost for correcting a defect was hardly known. Even when the 
reliability level could be quantified, the corrective maintenance was difficult to calculate. 

 The maintainability of the product was basically unknown, making it difficult, if not 
impossible, to state the extent to which a product can be further adapted, or perfected, in 
the future and the associated costs. 

 
Another important observation here is that the information regarding the availability of relevant 
documentation and the quality of this documentation was limited in several cases [A, B, E]. 
This is expected to undermine the efficiency and effectiveness of correcting defects, or giving 
the product additional quality, especially when this discrepancy occurs during initial product 
development (Lientz and Swanson 1981; Krasner 1989; Cook and Visconti 1996).  
 
It is concluded that the estimate of post-release operational cost for short-term corrective 
activities and long-term product enhancements, prior to the release decision, is a difficult task 
due to problems in determining exact levels for the reliability level obtained, and the 
maintainability of the software product. It is assumed that quantifying these non-functional 
requirements is a general problem in the software industry due to a lack of models that have 
been sufficiently validated in a practical context. An alternative approach could be the 
collection of experiences data from past projects, and making these available for use in future 
projects. 
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4.4.3 Decision-making Perspective 
 
9. To what extent is a formal collective decision-making process applied to software release 

decisions? 
 
In all cases but one [A], process descriptions for software product development were found. In 
practice, these process descriptions were followed in cases B, C, F and G, and partially 
followed in cases D and E. This observation can be explained using the process capability of 
the organizations involved. Case C, with the highest process maturity, has the availability of a 
documented and institutionalized process, whereas case A, with the lowest process maturity, 
has no documented or institutionalized process. The other organizations are in between these 
two extremes.  
 
The process descriptions found did not however focus explicitly on software release decisions. 
No descriptions were found for the implementation process of the release decision. In the cases 
studied, the software release decision presented itself as a contingent decision, in the sense that 
the decision to release had, in fact, already been made, but that it had been put on hold until a 
reliability condition was met. Different release alternatives were not explicitly considered, but 
testing was continued until the product was ‘stable enough’. In all cases studied, the decision-
makers implicitly followed the ‘good enough’ approach, as described in Section 3.3.2, although 
facing difficulty in making firm statements regarding the achieved reliability level and 
maintainability in quantitative terms, as drivers for expected post-release maintenance costs.  
 
It is concluded that the cases studied did not reveal process descriptions explicitly focusing on 
the software release decision-making process. Through the questionnaires and during the 
interviews, the informants confirmed that no formal decision-making process for release 
decisions was available, but that their organisation probably would benefit from such a process 
by creating transparency regarding responsibilities [who], activities [what], timing [when] and 
supporting methods [how]. 
 
10. How can a software release decision be characterized? 
 
In Figure 4-13 an overview is given of the characteristics of the release decision as found in the 
cases studied. This overview includes the version of the product developed and the perceived 
strategic value of the decision.  
 
The non-routine [non-recurring] decisions appeared in new or first product developments [A, B, 
E, G], whereas routine [recurring] decisions were found for subsequent versions of software 
products [C, D, F]. The perception of strategic value was high for all new product 
developments [A, B, E, G] as well as for most subsequent versions [C, F]. Only in case D, was 
the perceived strategic value low. It is assumed here that the characterisation of the release 
decision is influenced by the phase in the product’s life-cycle and perceived strategic value. If a 
new product with strategic decision value is developed, the cases reveal that the release 
decision is non-routine [Category II] as many uncertainties are present. For subsequent product 
versions with low-to-medium and high strategic decision value, the release decision is a routine 
decision [Category I] as knowledge is available on how previous versions of the product have 
performed. For new product developments with low-to-medium strategic value, it is not clear 
whether the release decision will be routine or non-routine; these situations were not found in 
the cases studied. It can be argued that this depends on the level of uncertainty involved – if the 
uncertainty level is high, it might be characterized as a non-routine decision; if not, a routine 
decision, as in Figure 4-14.  
 
These conclusions are important as the decision category determines the organizational level at 
which a decision is to be made (Harrison 1987, p.23). Higher management should concentrate 
on non-routine decisions [Category II], and routine decisions [Category I] should be left to 
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operating management. An observation is that in all cases studied, but one [Case A], the 
stakeholders involved were mainly represented at the tactical level. A release decision will 
often involve co-ordination between different departments within an organization, thus 
enforcing decision-making at a tactical level, while another important reason to involve 
stakeholders at the tactical level is that their high level support for the product, from the 
development stage to its launch to the market, is found to be a success factor for successful 
product innovation (Rothwell et al. 1974; Maidique and Zirger 1984). However, it was 
expected to observe active involvement of higher management in those cases where the 
perceived strategic value of the release decision was high [non-routine: A, B, E, G; routine: C, 
F]. In these cases, their involvement should not be limited to being a stakeholder in the release 
decision-making process, but throughout product development from the proposal phase until 
successful release implementation. In some of the cases studied [B, E], higher management 
became informed/involved when the release date was postponed several times. A passive 
attitude was observed whereas pro-active behaviour was expected. 
 

 
Figure 4-13: Overview of Results 

Case Reason to Invest Decision Product 
Version 

Strategic 
Value 

 
A 

 
Development of new system to 

increase productivity 

Non-routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
first 

 
high 

 
B 

 
Strategic investment to enter 

market with new product 

Non-routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
first 

 
high 

 
C 

 
Investment to implement 
enhanced functionality 

Routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
subsequent 

 
high 

 
D 

 
Investment to implement 
enhanced functionality 

Routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
subsequent 

 
low 

 
E 

 
Strategic investment to enter 

market with new product 

Non-routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
first 

 
high 

 
F 

 
Investment to implement 
enhanced functionality 

Routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
subsequent 

 
high 

 
G 

 
Replacement of existing system 

to increase productivity 

Non-routine 
Complete uncertainty 

Repetitive 
Non-compensatory 

 
first 

 
high 
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Strategic Value 
Product Version 

Low - Medium High 
First Category I or Category II Category II 

Subsequent Category I Category I 
 

Figure 4-14: Decision Category 
 
The second perspective is the level of uncertainty in the software release decision, on the 
external environment and available alternatives. In all cases, complete uncertainty is identified 
as the chance of the occurrence of different scenarios could not [or at least, was not] quantified 
with probability or possibility values. It is concluded that in a practical context it is difficult, if 
not impossible, to avoid complete uncertainty. The number of different scenarios – all possible 
combination of states for the partitions, or criteria, considered – is expected to be enormous for 
the multitude of external [market environment] and internal [product, organization] factors. See 
also Figure 4-15 with different sources of uncertainty identified by Browning (1998), who 
assimilated the risk taxonomies of many authors.  
 

Dimension Description 

Performance risk Uncertainty in the ability of a design to meet desired quality criteria [on one or 
more dimensions of merit, including price and timing] and their consequences 

Schedule risk Uncertainty in the ability of a project to develop an acceptable design [i.e. to 
sufficiently reduce performance risk] within a set time and the consequences 

Development cost 
risk 

Uncertainty in the ability of a project to develop an acceptable design [to 
sufficiently reduce performance risk] within a given budget and consequences 

Technology risk 
A subset of performance risk: uncertainty in capability of technology to 

provide performance benefits [within cost and/or schedule expectations] and 
the consequences 

Market risk Uncertainty in the anticipated utility or value to the market of the chosen 
‘design to’ specifications [including price and timing] and consequences 

Business risk Uncertainty in political, economic, labour, societal, or other factors in the 
business environment and the consequences 

 
Figure 4-15: Dimensions of Product Development Risks  
           (Browning 1998) 

 
The third perspective is the number of times the release decision was considered. In all cases 
studied, the release decision was reconsidered several times. The release decision presented 
itself as a contingent decision, in the sense that the decision to release had in fact been made 
already, but that it had been put on hold until the product was ‘stable enough’. It is assumed 
that the decision-makers used strategies or heuristics based on past experiences to determine 
what ‘stable enough’ means. 
 
The last perspective observed is the way information is processed. It is found that all release 
decisions are non-compensatory, in the sense that a cut-off point was set on the reliability 
dimension, and testing was undertaken until the cut-off point was met [although the cut-off point 
was not clearly defined, and it was not possible to accurately determine whether it was met]. In 
this sense, a software release decision can also be characterized as a contingent decision. 
 
Conclusions on the case study results and their validity beyond these case studies are, as 
summarized in Figure 4-16: 

 Routine. A software release decision can be both a routine [Category I] and a non-routine 
[Category II] decision. It is found that the category applicable primarily depends on the 
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phase in the product’s life-cycle and the perceived strategic value of the decision to the 
organization. Strategic release decisions for first product versions are non-routine 
decisions, whereas release decisions for subsequent product versions are routine 
decisions. Low-to-medium strategic release decisions for first product versions can be 
both routine and non-routine decisions. These conclusions are likely to be true in general. 
First product versions normally have a high uncertainty level,50 whereas subsequent 
versions of existing products have a lower uncertainty level where knowledge becomes 
available on how previous versions of the product performed. It is considered likely 
however that a situation can be found where subsequent product versions are released to, 
for example, highly dynamic markets, increasing the level of uncertainty and thus turning 
a routine decision into a non-routine decision. 

 Uncertainty. All release decisions can be characterized as problem solving with complete 
uncertainty. This conclusion is considered valid for any software release decision with, 
or without, strategic value, using a similar motivation as above, for the routine of 
software release decisions. It is practically impossible to reduce the total uncertainty 
space to a limited number of states and scenarios with the assignment of probability or 
possibility values to each scenario.   

 Occurrence. All release decisions were considered more than once and therefore have a 
repetitive character. This conclusion is valid for all strategic software release decisions 
with the motivation that the non-routine character of software release decisions and the 
presence of complete uncertainty will, in a practical context, force decision-makers to 
consider the release decision more than once. In the case of software release decisions 
without strategic value, the release decision as a routine decision may not necessarily be 
repeated and can be both repetitive and non-repetitive. 

 Information processing. All release decisions are non-compensatory, in the sense that a 
cut-off point was set on the reliability dimension and testing was undertaken until the cut-
off point was met. This conclusion is not necessarily valid for all software release 
decisions. It might well be the case that, in specific circumstances, like entrance to a new 
market and/or commercial mass-markets, the trade-off between reliability and time-to-
market [first-mover advantage] is considered appropriate.  

 
Strategic Value 

Characteristic 
Low - Medium High 

Routine Routine Non-routine 
Uncertainty Complete Uncertainty 
Occurrence Repetitive or Non-repetitive Repetitive 
Information 
processing Compensatory or Non-compensatory 

 
Figure 4-16: General Characteristics of Software Release Decisions 

 
11. Which decision-making models apply to software release decisions? 
 
To determine whether the characteristics of software release decisions correspond to one or 
more decision-making models, the key assumptions of the models presented by Harrison (1987) 
are evaluated: 

                                                           
50 One could define the hypothesis that a correlation exists between the level of routine and process capability. Motivation 
might be the improved control of the development process and the availability of historical data at higher maturity levels, 
thereby reducing uncertainties. The cases studied did not support this hypothesis. In two cases with higher maturity levels 
[case E officially assessed at CMM level 3; case G: estimated CMM level of 2-3], a new product was developed but serious 
problems were encountered. A possible explanation: The development process is only one source of uncertainty; examples of 
other potential sources for uncertainty are, for example, dynamic market conditions, and introduction of new technologies, in 
the product itself, as well as in the development environment. 



 PRACTICAL EXAMPLES 

 

99

 What is the nature of the decision objective[s] [fixed, attainable, limited or highly 
dynamic]? 
The nature of the objective of the final release decision turned out to be attainable in the 
cases where a subsequent version of an existing product was developed [C, D, F]. 
Deviations from the originally-stated project objectives were for instance: the planned 
release date was postponed, the functional requirements were decreased, the non-
functional requirements were not met, and product and development processes used do 
not comply with stated standards. In the other cases [A, B, E, G], the objectives were not 
just attainable but highly dynamic with considerable budget and schedule overruns. This 
involved the development of the first version of a new product, where in all cases either 
the infrastructure changed [A, G] or new product technologies were developed and 
applied [B, E].  

 Which information is available to make the decision? Is it complete and reliable? 
In all cases the information available to make the final release decision was limited; 
neither complete, nor reliable. In all cases, the exact reliability level and product 
maintainability were unknown. This makes it difficult to accurately predict the 
operational cost when the product is transferred to its intended users. This was found to 
be especially true for new products [A, B, E, G]. For subsequent versions of existing 
products with relatively minor changes [C, D, F], the available information was more 
complete and reliable [but not perfect] due to the availability of a record of how previous 
versions of the product had behaved in an operational context. 

 Does the needed information exceed cognitive limitations? 
During the case studies it was thought to reveal whether information needed to make the 
release decision exceeded cognitive limitations. This turned out to be too difficult in the 
interviews. However, according to present theory, it is assumed that cognitive limitations 
play a role when a software release decision is made by a group of individual 
stakeholders. This is further discussed in Section 8.2.1.  

 Do cost and time constraints exist? 
In all cases, cost and time constraints were present in retrieving complete and reliable 
information. Although, in most cases, considerable time and cost was spent on 
integration and system testing, to detect possible defects and verify functional 
requirements were correctly implemented, and that a ‘sufficient’ level of reliability had 
been obtained. The available resources were not unlimited for other aspects. 

 To what extent can different release alternatives be compared quantitatively? 
In all cases, release criteria could not all be quantified. In all cases it was difficult to 
accurately evaluate the reliability level and product maintainability, with a quantitative 
method, on a ratio scale. It is further difficult to quantify compliance to standards other 
than on an ordinal scale like: no – partially – yes. This makes it difficult, if not 
impossible, to quantitatively compare different release alternatives. 

 Is the environment open or closed? 
In all cases, the environment was open. It is practically impossible to control all possible 
variables completely as release decision-making is not a contrived situation.  

 Is the outcome limited in qualitative and quantitative terms? 
As reliability and product maintainability were not precisely known in all cases, the 
outcome of the release decision is limited in quantitative terms. It is difficult, if not 
impossible, to accurately predict the operation cost, for example, for corrective and 
adaptive/perfective maintenance activities. There are also qualitative limitations. What is 
the effect on the outcome in qualitative terms, for example, if the internal standards have 
only been partially met? 

 
The results obtained are presented in Figure 4-17, where ‘+’ denotes a match between a 
criterion and decision-making model (see Section 3.4.3 for a description of the characteristics 
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of the decision-making models). It shows the key assumptions discussed above [Objectives – 
Outcome] with the addition of a time-horizon. The following conclusions are drawn: 

 The Rational Model does not apply as the information is imperfect, cognitive limitations 
exist, time and cost constraints are valid, alternatives are only partially quantifiable, the 
environment is open, and the outcome is quantitatively limited. 

 The Organizational Model applies in the cases where the objectives are attainable and the 
time-horizon is short-term. The outcome is qualitatively and quantitatively limited.  

 The Political Model does not apply as it aims toward an outcome that is acceptable to 
many external stakeholders instead of meeting objectives that benefit the organization 
(Harrison 1987, p.156). 

 The Process Model applies in the cases where the objectives are highly dynamic and the 
time-horizon is long-term. The outcome is qualitatively and quantitatively limited as in 
the Organizational Model, but a major difference is that the outcome is directed toward 
meeting highly dynamic objectives such as entering a market with a new product.  

 

Criterion 
Rational 
[classic] 

Organizational
[neo-classical]

Political 
[adaptive] 

Process 
[managerial]

Attainable/dynamic objectives – + – + 

Imperfect information – + + + 

Cognitive limitations – + + + 

Time and cost constraints – + + + 

Non-quantifiable alternatives – + – + 

Open environment – + + + 

Limited outcome – + – + 

Time-horizon [short, long] + + + + 
 

Figure 4-17: Results on Decision-making Models  
      (models described by Harrison 1987) 

 
It is concluded that the characteristics of software release decisions match with the key criteria 
of two decision-making models: the Organizational Model and the Process Model. Differences 
are the time-horizon [short versus long] and the nature of the objectives [attainable versus 
[highly] dynamic]. The Organization Model matches the characteristics of routine software 
release decisions [attainable objectives and short-term time horizon], whereas the Process 
Model matches the characteristics of non-routine decisions [highly dynamic objectives and 
long-term horizon]. This conclusion is assumed to have validity beyond the study environment.  
 
As the scope of this research is strategic software release decisions, being non-routine 
decisions, the Process Model is used as a reference in this study for the methodology to be 
designed. 
 
12. Which models of choice are used for software release decisions? 
 
Different release alternatives are not explicitly considered in the case studies. When answering 
case study question 10, it is observed that all release decisions made in the cases studied were 
non-compensatory, in the sense that a cut-off point was set on the reliability dimension and 
testing was undertaken until the cut-off point was met. However, as discussed in case study 
question 10, this conclusion cannot be generalized. 
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4.5 Aggregated Results 
 
Most cases studied reveal strategic software release decisions; the existence of prospective 
large financial loss outcomes, including the presence of high costs for reversing the decision. 
All release decisions studied reveal complete uncertainty; little quantification with probability 
or possibility values was possible. As argued in Section 1.5, decisions with a high impact and 
the presence of high uncertainty can benefit from a formal collective decision-making process.  
 
Aggregating the results of the exploratory case studies leads to four main identified problem 
areas: 

1. Definition of the release criteria. Documented and commonly-accepted product 
development strategies were not common in the cases studied [Section 4.4.1]. Not having 
consensus among stakeholders about priority setting in a product development strategy 
could imply that stakeholders do not work towards a common goal. It leaves room for 
self-imposed controls and restrictions, and performing activities [costs] that add no value. 

2. Information about the implemented values of the release criteria. In all cases, 
information as input to the decision-making process was incomplete. Two examples are 
[Section 4.4.2]: 
- In most cases non-functional requirements were not deployed during product 

development [design, implementation, and test]. It was only during testing that 
reliability again received attention, which may be too late to guarantee a high 
reliability level.51 The level of maintainability obtained was not addressed.  

- Information on the availability of relevant documentation and the quality of this 
documentation was limited in a number of cases.  

As a result, organizations faced difficulty in making firm statements about expected post-
release maintenance costs.  

3. Decision-making process. The process descriptions found did not explicitly focus on 
software release decisions [Section 4.4.3]. Through the questionnaires, and during 
interviews, informants confirmed that no formal collective decision-making process for 
release decisions was available, but that their organisation probably would benefit from 
such a process by creating transparency on responsibilities [who], activities [what], 
timing [when], and support methods [how]. 

4. Implementation of the release decision. The process descriptions found paid no or limited 
attention to the implementation of the release decision, once it was made [Section 4.4.3]. 
Although, in all cases, corrective actions were implemented for defects found after the 
release decision implementation, most cases revealed the absence of an institutionalized 
process to analyse the defects found and evaluate the business case, or project, afterwards 
to supplement organizational knowledge. This makes it difficult to plan expected post-
release maintenance costs for future projects based on prior experience, and prevents 
software manufacturers from identifying areas for improvement. 

 
The problem areas identified in these exploratory case studies corroborate the need for a 
methodology. 
 

4.6 Adoption Requirements 
 
Another important observation is that existing methods and models for investment evaluations, 
software cost estimation, architecture evaluation, software defect prediction/estimation, and 

                                                           
51 Testing can reveal the presence of defects but not their absence. It is impossible to test quality into a product: it should already be there 
(Deming 1982). 
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multi-criteria decision-making are hardly known and seldom used in the cases studied. Why are 
these models not adopted, or only in limited adoption, in the software industry? According to 
Raghavan and Chand (1989), one reason is that many practitioners are not mature, which is 
revealed when they ask questions, such as: 

 Do experimental results prove conclusively that the practice will work in the field?  
 Are successes a result of the practice itself, or might they be the result of the people 

using it?  
 Is the practice complete, or does it need to be adapted or extended before it can be 

applied?  
 Does the practice have significant overhead [training, documentation] that offsets its 

value in the long run?  
 If the practice was developed in a research setting, does it apply to real-world problems?  
 Does the practice generally slow down programmers?  
 Can the practice be misapplied?  
 Is information available about the risks involved in using the practice?  
 Does the practice include information on how to integrate it with existing practices?  
 Must the practice be applied in its entirety to realize significant benefits?  

 
According to Garland (1991, p.283), major barriers to be considered in diffusion and adoption 
of an innovation are people issues, including cultural traditions, risk aversion, lack of 
knowledge and user acceptance. Rogers (1962) defines diffusion as the process by which an 
innovation is communicated through certain channels, over time, among the members of a 
social system. Using this definition, he distinguishes four elements of diffusion (Rogers 1962): 

 Innovation. According to Rogers (1962), an innovation is an idea, practice, or object that 
is perceived as new by an individual or other unit of adoption. Five characteristics of 
innovations are identified to help explain the differences in adoption rates (Rogers 1962): 
- Trialability: can be tried on a limited basis before adoption. 
- Observability: offers observable results. 
- Relative Advantage: has an advantage relative to other innovations or the status quo. 
- Complexity: the methodology is not overy complex. 
- Compatibility: is compatible with existing practices and values. 

 Time. Time relates to the speed with which an innovation is adopted by potential 
adopters. The theory holds that an innovation will experience an increased rate of 
diffusion if potential adopters perceive that the innovation is positively related to 
perceived relative advantage, compatibility, trialability, and observability, but is 
negatively related to perceived complexity. 

 Communication. Rogers (1962) states that diffusion is a particular type of 
communication in which the message content exchanged is concerned with a new idea. 
Thus, the diffusion process involves the spread of a new idea from its source to potential 
adopters.  

 Social system. Rogers (1962) defines a social system as a set of inter-related units 
engaged in joint problem-solving to accomplish a common goal. Put differently, the 
members of a social system may be individuals, informal groups or organizations who 
work toward the achievement of a common [set of] goal[s]. He further states that the 
culture within the social system and the individuals who make up the social system can 
affect the diffusion of new ideas. 

 
Rogers’ Innovation Decision Process theory states that diffusion is a process that occurs over 
time and can be seen as having five distinct stages (Rogers 1962): 

 Knowledge: exposure to its existence, and understanding of its function. 
 Persuasion: the forming of a favourable attitude. 
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 Decision: commitment to its adoption. 
 Implementation: putting it into practice. 

 Confirmation: reinforcement based on positive outcomes. 
 
According to this theory, potential adopters of an innovation should first learn about the 
innovation, be persuaded as to the merits of the innovation, decide to adopt it, implement the 
innovation, and confirm [reaffirm or reject] the decision to adopt the innovation. While Sachs 
(1993) correctly concludes that many other important theories of innovation diffusion are 
overlooked, the Innovation Decision Process theory remains among the most useful and well 
known.  
 
Based on the case study findings (see Section 4.4.2), it is concluded that the software 
manufacturers involved are mostly in the first stage of the Innovation Decision Process for 
many models. They are being exposed to the existence of these models. This situation may well 
be true for the software industry in general: both software engineering specific models [cost 
estimation, architecture evaluation, defect estimation and prediction] and models originating 
from other disciplines [e.g. economics, social psychology] are relatively unknown and unused. 
One could argue here that the software industry is a relatively young discipline and that specific 
models have not been sufficiently validated for their practical applicability. This argument is 
however only partially true. A software cost estimation method like COCOMO, for example, 
was initially developed in the early eighties and was based on empirical data.52 
 
For the methodology to be designed, it is important to understand that the rate of adoption is 
positively related to perceived relative advantage, compatibility, trialability and observability, 
and is negatively related to perceived complexity of such a methodology. 
 

4.7 Summary and Conclusions 
 
In this Chapter results of the case studies are presented, with answers to questions raised in 
Chapter 3. 
 
For the economic perspective, it is concluded that the availability of formulated, documented 
and accepted product development strategies is not common in the cases studied. In practice, 
reliability of the product is an important issue prior to the release decision, whether formulated 
as such in the initial product development strategy or not. This was true both for new versions 
of existing products and first versions of new products. This means that Moore’s model on 
shifting product development strategies could not be validated in the cases studied; it depends 
heavily on factors like the characteristics of the market and the reputation and competitive 
positions of a manufacturer organization. A purely economic cost-benefit analysis to make a 
computational release decision is found to be difficult if not impossible: not all parameters can 
be quantified with sufficient certainty and the exact relationships between all parameters are 
unlikely to be known in a practical context. It is assumed that this conclusion is valid beyond 
the studied environment. The market entry strategy chosen in the environments studied was to 
continue testing until reliability achieved was considered ‘good enough’. 
 
From the software management perspective, the case studies reveal that estimates for 
development cost and schedule were derived using experts. Reliability and maintainability were 
important non-functional requirements in the cases studied, but it is concluded that the 
deployment of their defined values to design components as well as the evaluation of their 
exact values during testing is not a trivial exercise, as there is no description of how lower level 

                                                           
52 COCOMO, later renamed to COCOMO 81, was published in 1981 (Boehm 1981), COCOMO II is its successor (Boehm 
et al. 2001).  
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metrics can be used to evaluate non-functional requirements at a higher level. This conclusion 
is assumed to be valid beyond the studied environment. In the cases studied only reliability was 
evaluated [whether defined as important or not], whereas product maintainability was not 
explicitly addressed [whether defined as important or not]. However, the evaluated reliability 
level was uncertain, making it difficult to [accurately] estimate the expected number of post-
release defects, while the average effort, or cost, for correcting a defect was, basically, 
unknown. So, even when the reliability level could be quantified, the corrective maintenance is 
difficult to calculate. The maintainability of the product is unknown, making it hard, if not 
impossible, to make statements about the extent to which the product can be further adapted, or 
perfected, in the future, and against what costs. Finally, the availability of relevant 
documentation and the quality of this documentation was found, in several cases, to be limited. 
This undermines the efficiency and effectiveness of correcting defects, or adding additional 
functionality, especially when this occurs during initial product development. 
 
On the decision-making perspective it is concluded that a software release decision can be both 
a routine and a non-routine decision. Release decisions for subsequent product versions with 
low-to-medium strategic value will normally be characterized as routine decisions and match 
the criteria of the Organizational Model [attainable objectives, short-term horizon], whereas the 
first version of a product with high strategic value will normally be characterized as non-routine 
decisions and match the criteria of the Process Model [dynamic objectives, long-term horizon].  
 
Other characteristics of software release decisions are the presence of complete uncertainty, its 
repetitive character for release decisions with strategic value [not necessarily true for release 
decisions without strategic value], and the way information is processed: with or without 
compensation. These characteristics of software release decisions are assumed to have validity 
beyond the studied environment. In the cases studied, the software release decision presented 
itself as a contingent decision in the sense that the decision to release had, in fact, already been 
made during the test phase, but that it had been put on hold until some cut-off point for 
reliability was met. This cut-off point could however not be accurately determined. In the cases 
where the strategic value of the release decision was high, pro-active involvement of higher 
management was expected throughout product development. However, the involvement of 
higher management was limited to a passive attitude when it became obvious that the initial 
project objectives could no longer be met; while they were informed about this, corrective 
actions were left to management at the tactical level. 
 
Most cases studied revealed strategic software release decisions: and the existence of large 
prospective financial loss outcomes, including the presence of high costs for reversing 
decisions. Furthermore, all release decisions studied reveal complete uncertainty: only limited 
quantification with probability or possibility values was possible. In the cases studied, no 
explicit descriptions were found of a formal decision-making process for software release 
decisions. The informants stated that their organisation would probably benefit from such a 
process by creating transparency of responsibilities, activities, timing, and supporting methods 
for strategic software release decision. The need for a methodology was thus confirmed in these 
exploratory case studies; decisions with a high impact and the presence of high uncertainty 
require a formal collective decision-making process.  
 
A final observation on the cases is that existing methods and models for investment 
evaluations, software cost estimation, architecture evaluation, software defect 
prediction/estimation, and multi-criteria decisions are hardly known, and seldom used. This gap 
has been identified before, for example, by Poore (2004) stating that software engineering has 
suffered a decided lack of direction. Using the Innovation Decision Process theory, the software 
industry in general seems to be in the first stage of exposure to the existence of these models. 
For the methodology to be designed, it is important to understand that the rate of adoption is 
positively related to perceived relative advantage, compatibility, trialability and observability, 
and is negatively related to perceived complexity of such a methodology. 
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5 FRAMEWORK OF THE METHODOLOGY 
 

“Almost all men are intelligent. It is method that they lack.” 
-- F.W. Nichol -- 

5.1 Introduction 
 
The Exploration Phase of this study, presented in the previous two Chapters, notes that strategic 
software release decisions match the characteristics of the Harrison (1987) Process Model and 
it was confirmed that such decisions require a formal decision-making process or methodology. 
In this Chapter, these conclusions are used to define a framework for the methodology to be 
designed, called the Release Decision Methodology.  
 
In Section 5.2 the Process Model is revisited, showing its interdisciplinary character and 
managerial decision-making functions. In Section 5.3 the framework of the methodology to be 
designed is introduced, using the different elements of the Process Model. Attention is paid to 
the architecture of the methodology, making a distinction between process areas and underlying 
practices. The different authorities, or stakeholders, involved in the decision-making process 
are identified. Finally, to narrow the study towards existing theory for each identified process 
area, four secondary research questions are formulated in Section 5.4. This Chapter ends with a 
summary and conclusions in Section 5.5. 
 

5.2 Process Model 
 
The primary research objective is to design a methodology to support strategic software release 
decisions. In the Exploration Phase of this study, it is concluded that these decisions are non-
routine decisions and, generally, concern the release of newly developed products, or major 
revisions of existing software products. For strategic software release decisions it is concluded 
that the Harrison Process Model can be used as the primary reference decision-making model. 
The Process Model and other decision-making models are not mutually exclusive, as discussed 
in Section 3.4.3. The Process Model integrates parts of the other decision-making models in an 
inter-disciplinary framework as illustrated in Figure 5-1 (Harrison 1987, p.159): 

 Rational Model. The model proposed employs some of the techniques of the Rational 
Model, with emphasis on the quantitative disciplines, to reduce uncertainty in comparing 
and evaluating alternatives. It assumes maximizing behaviour. 

 Organizational Model. The model proposed includes parts of the Organizational Model 
by emphasizing the environmental constraints that confront managerial decision-makers, 
such as time constraints, cost constraints and imperfect information on completeness and 
reliability. It assumes optimizing behaviour. 

 Political Model. The process model proposed will, from time to time, use some of the 
bargaining techniques of the Political Model to make a proposed choice more acceptable 
to disagreeable stakeholders with different preferences for the decision outcome. It 
assumes satisficing behaviour. 

 
The decision-making process, as presented in Figure 3-16 in Section 3.4.1, is applicable to the 
Process Model, identifying six functions of managerial decision-making. It recognizes the need 
for: 

1. setting objectives [Function 1], 
2. a search for alternatives [Function 2], 
3. a comparison/evaluation of alternatives [Function 3], 
4. a choice being made [Function 4], 
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5. the choice being implemented [Function 5], and  
6. the need for follow-up and control [Function 6]. 

 

Decision-
making
process

Individual
behaviour

Models
and

simulation

Values
and

ethics
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probability

Group
behaviour

Environment

Psychology

Mathematics
Law
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Political Science

Sociology
Social psychology

Economics
StatisticsPhilosophy

  
 

Figure 5-1: Interdisciplinary Framework for Decision-making  
        (Harrison 1987, p.160) 

 
Using the Process Model as a reference offers the opportunity to determine the important 
factors increasing the likelihood of strategic decision success (Harrison 1987, pp.354-362), as 
in Figure 5-2. 
 

Attitude toward the Decision-making Process 
Attitude toward  

the Decision 
Attainable objectives 

Open decision-making 
process 

Unattainable objectives 
Closed decision-making 

process 
Judgmental strategy 
Satisficing outcome 

Successful strategic choice Wrong process for unrealistic 
objectives 

Computational strategy 
Maximizing outcome 

Uncertainty ignored Wrong means directed toward 
wrong ends 

 
Figure 5-2: Strategic Decision Matrix 
      (Harrison 1987, p.359) 

 
These factors, dealing with managerial attitudes toward the decision-making process and 
managerial attitudes toward the decision, are: 

1. Decision-making process. The primary factors here are the availability of well-defined, 
attainable objectives as opposed to unattainable objectives and a mindset toward an open 
decision model, giving weight to the environment [dynamic objectives, imperfect 
information, time and cost constraints, cognitive limitations], opposed to a closed 
decision model. 
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2. Decision. The primary factors here are a judgmental decision strategy [choosing an 
alternative based on judgment applied to information that is imperfect] instead of a 
computational strategy and the search for a satisficing outcome [strong preference for a 
desirable result; complemented by an acceptance of less-than-perfect knowledge about 
the outcome], meeting the defined objectives instead of a maximizing outcome. 

 

5.3 Release Decision Methodology 

5.3.1 Design Considerations 
 
Initially, two different design alternatives were considered but were rejected for the following 
reasons: 

1. Another model of choice. The case studies did not indicate that models of choice are 
applied in the software release decision-making process (see Section 4.4.3). Instead, 
stakeholders involved, either consciously or unconsciously, go through some process 
steps that enable them to make a ‘good’ release decision in a complex environment. It is 
anticipated that the design of a supporting methodology for strategic software release 
decisions should not introduce another model of choice. 

2. Market entry model. A focus on designing a market entry model was considered, 
enabling a software manufacturer to evaluate and compare different release alternatives 
from a quantitative point of view, with the Rational Model as the primary reference for 
strategic software release decisions. Although this is a valuable business-oriented 
approach, such a model could only in a limited way address the fact that uncertainty, 
time and cost constraints and cognitive limitations characterize these decisions. It was 
concluded that the Process Model offers a better alternative. As stated in Section 2.3, 
software engineering is still a relatively young discipline and there is a lack of general 
agreement on software measurement and a lack of maturity in measurement (Bourgue et 
al. 2004). This was confirmed during the case studies, but the definition of a market 
entry model is not discarded (to be discussed in Section 6.4). 

 

environmental
constraints

imperfect information

accepted
release
decision

expected
outcome

actual
outcome

congruence?

Release Information
The optimal information level is sought,

recognizing that information has
a price in time and cost

Release Definition
Managerial objectives are set,

monitored, and used to compare and
evaluate alternatives, hereby

reducing uncertainty

Release Implementation
Decision success is ensured through
follow-up and control; an appraisal is

conducted to increase
organizational learning

Release Decision
Presence of different preferences

regarding the decision outcome may
exist; bargaining techniques are used

to arrive at a choice

 
Figure 5-3: Release Decision Methodology 

 
The Process Model incorporates the presence of uncertainty, time and cost constraints for 
information, and cognitive limitations. As discussed in Section 5.2, this model offers the 
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opportunity of determining the important factors leading to strategic decision success. The 
strategic decision matrix reveals four important conditions for the methodology to be defined:  

a. presence of attainable objectives [Condition 1], 
b. an open decision-making process [Condition 2], 
c. a judgmental strategy [Condition 3], and 
d. a satisficing outcome [Condition 4]. 

 
A framework is designed on the basis of these conditions, in combination with the six functions 
of the managerial decision-making process. This framework, called the Release Decision 
Methodology is presented in Figure 5-3.  
 
In this framework, the parts of the other decision-making models [Rational, Organizational and 
Political] are mapped onto the functions of managerial decision-making. This framework is 
used to define the methodology as a set of coherent, easy-to-understand practices for these 
process steps. This approach has another advantage, in the likelihood of adoption of such a 
methodology. As discussed in Section 4.6, characteristics like limited complexity, and 
compatibility with existing practices and values, are identified as direct constraints on the 
methodology design. In this framework, four process areas in the software release decision-
making process are distinguished, each addressing the process from different perspectives. 
These process areas match problem areas identified for software release decisions, as discussed 
in Section 4.5: 

1. Release Definition. Decision-making is mainly viewed from a quantitative perspective, 
assuming that information is near to perfect: complete and reliable. It emphasizes the 
maximizing behaviour approach in the Rational Model, and the mathematic, economic 
and statistic disciplines play an important role in this process area. In software release 
decisions, decision-making from a quantitative perspective is concerned with the 
definition and control of a product development strategy: setting the managerial 
objectives with their priorities [Function 1], and ensuring they are attainable [Condition 
1]. The availability of a product development strategy will enable the 
comparison/evaluation of different release alternatives [Function 3], thus answering the 
question: which alternative maximizes economic value? 

2. Release Information. This process area is concerned with the search for alternatives 
[Function 2], for example, the identification and collection of information that is needed 
to compare and evaluate different release alternatives. This search is derived from the 
formulated product development strategy. Decision-making is also viewed from a 
quantitative perspective, but with the recognition that information is imperfect in the 
sense that not everything can be expressed in numbers, and that information has its price, 
in time and money. For this process the mathematic, economic and statistic disciplines 
still play an important role, but the maximizing behaviour approach is extended with an 
optimizing behaviour approach, as emphasized in the Organizational Model. What is the 
optimal volume of information? Insufficient information increases uncertainty and 
hampers the decision-making process, whereas too much information is a waste of scarce 
resources; there is an optimum above which the cost for searching for more information 
exceeds the benefits. 

3. Release Decision. Decision-making is viewed from a psychological, sociological and 
socio-psychological perspective, addressing factors that influence individual and group 
behaviour. It recognizes the imperfections of information, and stakeholders, involved in 
the act of choice [Function 4], will possibly have different preferences with respect to the 
decision outcome; an open decision-making process [Condition 2]. The challenge is to 
use a judgmental strategy [Condition 3] to reach a decision outcome that meets the 
objectives formulated, and is agreeable to all stakeholders involved. The concept of 
optimizing behaviour is extended with a satisficing behaviour approach [Condition 4] as 
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emphasized in the Political Model: Which outcome satisfies the needs of all stakeholders 
involved? 

4. Release Implementation. Decision-making is viewed from an implementation perspective 
once a decision has been made and is implemented [Function 5], assuming a successful 
decision requires follow-up and control [Function 6] of the implemented decision. For 
software release decisions, it is necessary to identify the factors that ensure congruence 
between the expected and the actual outcome. To increase organizational learning, the 
decision-making process and its outcome should be evaluated.  

 
In Figure 5-4, relationships between the four process areas and the Process Model are given. 

 
Process Area Decision-making Function Decision Success Factor 

Release Definition 
(2) Setting managerial objectives 
(3) Comparing and evaluating alternatives 

(1) Attainable objectives 

Release Information (2) Search for alternatives - 

Release Decision (4) The act of choice 
(2) Open-decision-making process 
(3) Judgmental strategy 
(4) Satisficing outcome 

Release 
Implementation 

(5) Implementing decisions 
(6) Follow-up and control 

- 

 
Figure 5-4: Relationships between Process Areas and Process Model 

 

5.3.2 Practices 
 
A process area is defined as a cluster of related practices which, when performed collectively, 
achieve a set of goals considered important for establishing process capability in that area. The 
next step in designing the methodology is the identification of relevant practices for each 
process area, which should describe ‘what’ is to be accomplished [general guidelines] but not 
‘how’. Taking this approach, the descriptions of practices still offer the possibility for 
interpretation and customization to the external market environment, and to internal strategic 
and functional characteristics of a software manufacturer organization.  
 
Information is given for each practice, with Figure 5-5 showing the resulting methodology 
structure: 

1. A description of the practice. 
2. The stage(s) of a project where the practice is of concern. 
3. The primary stakeholder(s) responsible for successfully implementing the practice. 
4. The other stakeholder(s) to be involved. 
5. Examples of supporting method(s) that can be used. 

 
Before the process areas are further explored to derive the relevant practices, the different 
stakeholders involved in the decision-making process are identified in the next Section. 
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Process Area

Practices

consists of

described by

1. Description of the practice.
2. Stage(s) of a project where the practice is of concern.
3. Primary stakeholder(s) responsible for meeting the practice.
4. Other stakeholder(s) that must be involved.
5. Examples of supporting method(s) that can be used

 
 

Figure 5-5: Structure of the Release Decision Methodology 
 

5.3.3 Stakeholders 
 
For the identification of the different stakeholders in a release decision-making project, in 
general terms, an approach used by Hollander (2002) is adopted, based on the definition of 
effective control of a target system described by, for example, Kickert and Gigch (1987) and 
Leeuw (1990). A controller or controlling organ or unit, a controlled or target system and an 
environment, as illustrated in Figure 5-6, represent a control situation. The interactions between 
the target system and the controlling unit consist of monitoring, and manipulation, of the target 
system by the controlling unit. 
 

Environment

Controlling Unit

Target System

 
 

Figure 5-6: Control System  
(Kickert and Gigch 1987; Leeuw 1990) 
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Leeuw also defines five requirements for effective control, as illustrated in Figure 5-7. 
 
Hollander (2002, pp.52-53) adapts the control system of Figure 5-6 to the controlling power of 
business development teams in the following way: 

 The environment is based on Porter’s five forces model, being the company and its 
competitors, the customers or buyers of the product, the suppliers, the substitutes for the 
product and new potential entrants from other markets (Porter 1980). 

 The controlling unit consists of the project management function, and should fulfil the 
five requirements for effective control to steer a project in the right direction. Business 
development management should specify goals [Requirement 1], should have an explicit 
or implicit model to predict the possible effects of the control measures [Requirement 2], 
should have information on the state of the project and the environmental influences 
[Requirement 3], should have sufficient control tools at its disposal [Requirement 4], and 
should have sufficient data-handling capacity [Requirement 5]. 

 The target system is the business development project.  
 
 

Requirement Description 

1 Goal The controlling unit should specify goals for the target system, which may, 
or may not, be constant in time or stated explicitly. 

2 Model 
The controlling unit should have a model to predict the possible effects of 
the control measures, or should at least have a good understanding of the 

target system. 

3 Information 
The controlling unit should have sufficient information about the state of 

the system and the environmental influences, and embrace the means for 
acquiring and updating this information. 

4 Measures 
The controlling unit should have enough measures of control at its 

disposal or the organ must encompass enough degrees of freedom to 
cope with possible environmental and system disturbances. 

5 Capacity The controlling unit should have sufficient data handling capacity, which 
enables the use of the information required for taking control measures. 

 
Figure 5-7: Effective Control 
        (Leeuw 1990, 1994) 

 
This general description of a control system can, in the same way, be adapted to software 
development projects, as a special case of a business development project. With this adapted 
Hollander control system as a reference, it is customized to software manufacturer 
organizations to identify the important stakeholders in the Release Decision Methodology. For 
this customization, the software manufacturer organizations in the case studies are used as a 
reference, with specific interpretations as follows: 

 Environment. The environment of a software development project consists of the 
external market environment, and internal strategic, and functional, characteristics of the 
manufacturer organization. As discussed in Section 3.2.1, an organization must 
determine its primary strategic orientation or business strategy. This is one of the 
responsibilities of Senior Management at a strategic level. They have the responsibility to 
define business strategy, describing the long-term expectations for business and 
technology developments, and how the software manufacturer intends to gain a 
competitive advantage. Business developments are addressed in terms of changes in the 
marketplace and organization. Technology developments are addressed in terms of 
adoption of new technologies and new application of existing technologies. The business 
strategy can be used as the basis for defining programs, and high-level product 
development strategies for projects to be carried out towards attaining a long-term 
competitive advantage. 
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 Controlling Unit. Considered to be the tactical management level of the software 
manufacturer organization. The controlling unit includes Project Steering Committees, 
responsible for the successful implementation of project(s) identified. A Project Steering 
Committee consists of representatives of different organizational stakeholders:53  
- Marketing: responsible for the market interface with customers and end-users. 
- Development: responsible for the development of the product. 
- Maintenance & Exploitation: responsible for maintenance, and exploitation of released 

products. 
- Customer/end-user: This stakeholder is optional and only relevant when the customer 

representative is a stakeholder in defining the project objectives and accepting the 
released product [for example, when a custom system is written on contract], see 
Section 1.7. 

 In project management methodologies like PRINCE2 and PMBOK (Section 1.4.1), one 
of the first responsibilities assigned to this committee is to justify why a project is 
required in terms of expected revenues, with the result called the business case. 
PRINCE2, for example, prescribes the definition of a business case at the start of a 
project, describing expected benefits and cost, as well as periodic updates of the business 
case during project execution.  

 Target System. Considered the operational management level of the software 
manufacturer organization. The target system is the Product Development Team, 
responsible for planning and executing the project, so that project objectives, stated in the 
business case, are attained. The team activities are derived from the business case and 
further detailed in a project plan. The Project Steering Committee should approve this 
project plan, although for projects with strategic value Senior Management should also 
involved (see Section 4.4.3) where non-routine decisions require the involvement of 
senior management, as opposed to routine decisions. See also Figure 5-8. 

 
Senior Management

(business strategy)

Program Steering
Committee

(business cases)

Product Development
Team

(project plan)

strategic level

operational level

tactical level

 
Figure 5-8: Control System for Software Development Projects 

 
As the research phenomenon in this study is strategic software release decisions, the important 
stakeholders are considered those at the strategic level, [Senior Management], and tactical 
level, [representatives of different organizational authorities: Marketing, Development, 
Maintenance & Exploitation, and Customer/end-user [the latter optional]. 
 
                                                           
53 A Project Steering Committee is not necessarily limited to the constituencies only. The participation of subordinates or 
followers in strategic decision-making, whose responsibilities are affected by choices made at higher levels of management, 
can be important (Harrison 1987, p.265). 
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5.4 Secondary Research Questions 
 
In the following Chapters, the methodology is designed by identifying the practices for each 
process area. This involves a further study on existing theory, and to narrow the study, for each 
process area a secondary research question is formulated.  
 

 Release Definition. This process area focuses on the comparison, and evaluation, of 
alternatives using the formulated product development strategy as a reference. Emphasis 
is on the quantitative disciplines, to reduce uncertainty levels. For the release decision 
itself, it is of special interest in deciding when to release, or to enter the market with, a 
software product. In the case studies, no examples were found of methods to model the 
economic market entry trade-off. The availability of a method to compare and evaluate 
different release alternatives would support this decision, and the first secondary research 
question is therefore formulated as:  

 
1st Secondary Research Question: 

How to model the market entry trade-off for a software product? 
 

 Release Information. This process area focuses on the search for relevant information, 
derived from the formulated product development strategy. This search for information 
has its price in cost and time. Too much information is a waste of precious cost and time, 
whereas insufficient information leads to increased uncertainty. The case studies revealed 
the presence of high uncertainty. How much uncertainty is allowed when making a 
release decision? Is there an optimal level of information? The second secondary research 
question is therefore formulated as: 

 
2nd Secondary Research Question: 

To what extent can an optimal level of information be determined 
as input to the software release decision-making process? 

 
 Release Decision. This process area focuses on the decision-making process itself, 

recognizing that stakeholders will possibly have different preferences for the decision 
outcome. In the case studies, minor attention was paid to the release decision-making 
process. Sociological and political effects are assumed to influence both individual and 
group behaviour. The third secondary research question is therefore formulated as: 

 
3rd Secondary Research Question:  

What effects, stemming from individual and group behaviour,  
play a role in the software release decision-making process? 

 
 Release Implementation. When making a decision to release a software product 

uncertainty is likely to be present. It is therefore necessary to monitor the consequences 
of a decision when implemented, especially when the decision is of strategic value and 
there might be incongruence between the expected and the actual outcome. Only in this 
way, can decision success be accomplished. In the case studies, minor attention was paid 
to the implementation of the release decision. The fourth secondary research question is 
therefore formulated as: 

 
4th Secondary Research Question: 

Which issues are important to increase the likelihood 
of a successful implementation of the software release decision? 

 



FRAMEWORK OF THE METHODOLOGY 

 

116

5.5 Summary and Conclusions 
 
In this Chapter, a framework for the methodology is presented, based on the Harrison Process 
Model, matching the characteristics of strategic software release decisions. The Process Model 
integrates parts of the Rational Model [with an emphasis on maximizing behaviour], the 
Organizational Model [with an emphasis on optimizing behaviour], and the Political Model 
[with an emphasis on satisficing behaviour]. It identifies six different functions of managerial 
decision-making, as 1) setting objectives, 2) the search for alternatives, 3) the 
comparison/evaluation of alternatives, 4) making a choice, 5) implementing the choice, and 6) 
follow-up and control. 
 
The Process Model is used to define the Release Decision Methodology, consisting of four 
different process areas.  

 The ‘Release Definition’ process area reflects the Rational Model, with emphasis on 
maximizing behaviour, and is concerned with the definition and control of the product 
development strategy.  

 The ‘Release Information’ process area reflects the Organizational Model, with emphasis 
on optimizing behaviour, and is concerned with searching for the optimal level of 
information as input to the decision-making process. 

 The ‘Release Decision’ process area reflects the Political Model, with emphasis on 
satisficing behaviour, and is concerned with the decision-making process itself.  

 Finally, the ‘Release Implementation’ process area addresses the need to ensure 
congruence between the expected and actual outcome.  

 
The defined process areas are further sub-divided into underlying practices for which a 
template is defined. This template foresees the identification of the stakeholders responsible for, 
and involved in, the correct implementation of each practice. Therefore, the different 
stakeholders involved in the decision-making process are identified, using a general description 
of a control system and customizing it to software development projects. The stakeholders 
identified are Senior Management at strategic level, the Project Steering Committee at tactical 
level [Marketing, Development, and Maintenance & Exploitation], and the Product 
Development Team at operational level.  
 
To narrow the study toward existing theory for each identified process area, four secondary 
research questions are formulated, one for each process area. In the next four Chapters, 6 
through 9, the process areas are further discussed, in answering the secondary research 
questions, and dividing each process area into underlying practices.  
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6 RELEASE DEFINITION 
 
 

“Management by objective works if you know the objectives.  
Ninety percent of the time you don’t.” 

-- Peter F. Drucker -- 
 

6.1 Introduction 
 
Applying the concept of maximizing behaviour to decision-making assumes that the decision-
maker’s objectives can be translated into a preference function, representing, in quantitative 
terms, the value, or utility, of a given set of alternatives. Making a choice consists of selecting 
the alternative with the highest positive utility for the decision-maker (Allison 1971). Two 
axioms are applicable here (Edwards 1954). In the first place, given two alternatives A and B, 
the closure axiom requires that it must be possible to determine which alternative is preferable, 
or if there is no particular preference. The transitivity axiom requires that if alternative A is 
preferred to B, and alternative B is preferred to C, then alternative A is preferred to alternative 
C. 
 
This concept is followed when answering the first secondary research question: ‘How to model 
the market entry trade-off for a software product? The conditions for a purely economic 
approach, assuming maximizing behaviour, are taken; with no cognitive limitations, no time 
and cost constraints, a closed environment, and perfect information [complete and reliable].  
 
In Section 6.2 an overview is given of existing capital budgeting methods. In Section 6.3, 
different market life-cycle models, from the semiconductor industry, are introduced, 
demonstrating the effects of delayed market entry on revenues. In combination with one of the 
capital budgeting methods, these are used for defining an extended model to evaluate different 
release alternatives in Section 6.4, thus answering the first secondary research question raised. 
Based on the elaboration of aspects of maximizing behaviour, practices for the ‘Release 
Definition’ process area are derived in Section 6.5. This Chapter ends with a summary and 
conclusions in Section 6.6. 
 

6.2 Capital Budgeting Methods 
 
When developing products, manufacturers should have an understanding of the expected 
product lifetime, the expected cash inflows, the pre-release cash outflows [development cost] 
and post-release cash outflows [operational costs], and the resulting net asset value; information 
that is specific to the external environment and internal characteristics of an organization. The 
first orientation of this information takes place when the proposal for a product development 
investment is appraised.  
 
Renkema and Berghout (1997) investigate and compare available methods: 54 

 Financial Approach. Methods from the financial approach, traditionally used for the 
evaluation and selection of corporate investment proposals, focus on incoming and 
outgoing cash flows as a result of the investment made. Examples of such methods are: 
Net Present Value [including Sensitivity Analysis and Simulation, Decision Tree 
Analysis], Profitability Index, Internal Rate of Return and Payback Method, discussed 
later.  

                                                           
54 The focus of their study is on methodologies to evaluate information systems.  
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 Multi-criteria Approach. This approach incorporates non-financial consequences as a 
result of the investment, which are difficult to express in monetary terms. Comparing 
financial and non-financial consequences is difficult, as they lack a common 
denominator, but multi-criteria decision analysis methods can overcome this by creating 
one single measure for an investment. The methods require the design of decision 
criteria, and the relative importance for all criteria, by assigning weights and finally 
assigning scores to the criteria. The multiplication of each score with its corresponding 
weight, and calculation of the overall score gives the final score for an investment. An 
example of this approach is the Information Economics Method (Parker et al. 1989), 
which distinguishes three different categories of evaluation criteria: Enhanced ROI, 
Business Domain and Technology Domain.  

 Ratio Approach. These methods assist in IT evaluations through ratios, like IT related 
expenditures against total turnover. An example is the Return on Management or ROM 
method, comparing the value of management to the cost of management (Strassman 
1990). 

 Portfolio Approach. These methods evaluate IT investments by plotting them against 
various criteria, in fact a special case of a multi-criteria approach with a graphical 
representation of evaluation results. Examples are Bedell’s method (Bedell 1985), 
Investment Portfolio (Berghout and Meertens 1992) and Investment Mapping (Peters 
1989).  

  
Well-known methods for a financial approach are: 

 Net Present Value (NPV).55 56 The Net Present Value of an investment is calculated as the 
present value of forecasted future cash flows plus the initial investment. The initial 
investment will be in most cases negative as it is a cash outflow. It calculates the return 
on the initial cash outflow I by correcting the annual cash inflows Ct after the 
development T for the discounted value of money, using the risk-based discount rate r. In 
formula terms: 

  NPV = -I + Σ Ct / (1+ r) T      (6.1) 

Erdogmus (1999), for example, describes a comparative evaluation method for software 
development strategies based on NPV. 

 Profitability Index (PI). The Profitability Index, also called benefit-cost ratio, is the 
present value of forecast future cash flows divided by the initial investment. The rule is 
to accept a project if the index is greater than one, meaning the project will have a 
positive NPV. The problem with this method is that the ratio is used, instead of the NPV 
value itself. If two projects are mutually exclusive, the rule applied might lead to the 
wrong choice. 

 Internal Rate of Return (IRR). This method, also called Discounted-Cash-Flow Rate of 
Return, looks at the discount rate, which makes NPV equal zero. The rule is to accept a 
project if the opportunity cost of capital is less than the internal rate of return. In this 

                                                           
55 Basic NPV can be extended with an analysis of how sensitive the NPV is when variables are changed (Brealey and Myers 
1991, pp.215-217). This Sensitivity Analysis begins with the creation of the most likely expected values for each of the 
relevant variables: the base scenario. The sensitivity analysis is conducted by changing each relevant variable to a best and 
worse value, holding the other variables constant at their base values. When this exercise is completed for all variables, it can 
be concluded which variables have the greatest impact on the NPV. This analysis can also be used to investigate the break-
even point of the investment for different combinations of variable values. The sensitivity analysis is limited in the sense that 
only variations in one variable at a time are studied. The possible inter-dependency between variables is also discarded, as is 
the situation where a variable is serially dependent over time [i.e. the variable influences itself]. These limitations can be the 
reason to consider a Monte Carlo simulation as an alternative approach (Brealey and Myers, p.223). 
56 Basic NPV as well as the related Sensitivity Analysis and simulation approaches assume that the investment to consider is 
a ‘now or never’ decision (irreversible). They do not take into account the flexibility of stopping an investment prematurely. 
As the total investment is normally subdivided into a sequence of smaller investments, a different approach is to incorporate 
the possibility of deciding at each next investment moment whether to continue investing. This is called Decision Tree 
Analysis (Brealey and Myers, p.229). 
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case, the project will have a positive NPV. The same problem might occur when two 
projects are mutually exclusive. It is not the difference between the opportunity cost of 
capital and discount rate that makes the real difference, but rather the difference between 
the NPV values. 

 Payback Method. This method investigates how rapidly a project pays back its initial 
investment. The method gives equal weight to all cash flows before the payback date and 
no weight to subsequent flows. If the same cut-off period is used to differentiate between 
projects and is too short, the method will tend to only accept short-lived projects. If the 
cut-off is too long, projects may be accepted with a negative NPV, because the discount 
rate is not taken into account.  

 
In recent years, there is a tendency to apply option-pricing theory to development investments, 
referred to as the real options approach (Balasubramanian et al. 2000), as in the software 
industry (Benaroch and Kaufmann 1999; Sullivan et al. 1999; Boehm and Sullivan 2000; 
Cottrell 2000; Erdogmus 2002; Tallon et al. 2002).57 58 Reasons for this approach are that the 
traditional NPV-method is regarded as static; not offering the possibility of handling 
uncertainty, no incorporation of management flexibility to stop a project, called staged 
investment or time-to-build option, and not including the possibility of starting second-stage 
projects, called the build option (Dixit and Pindyck 1994). A real options approach applied to 
software development investments means the investment is not only in financial assets but also 
in physical and human assets. A real option is defined by an investment decision characterized 
by: 

1. Uncertainty; the reason why a real option has value. 
2. Discretion; to correspond to discrete points of go/no-go decisions. 
3. Irreversibility; signifying the change in future possibilities due to a decision taken today.  

                (Kogut and Kulatilaka 2001, p.8) 
 
However, there is also criticism of the real options approach. Erdogmus (2002) investigates 
some major differences between financial options and real options, as in Figure 6-1. Applying a 
real options approach is complex and still leaves management with the difficult task of 
estimating input parameters (Ribbers et al. 1997). Alternatives for the traditional NPV approach 
have been developed; trying to reduce, or eliminate, the disadvantages of the traditional 
approach. Kallberg and Laurin (1997) describe, for example, the possibility of extending NPV 
with time-to-build and growth options, as in Figure 6-2. Ribbers et al. (1997) give an example 
of how NPV can be extended with Decision Tree Analysis, offering the possibility of 
incorporating the time-to-build option. More research is needed to explore approaches, which 
are favourable and practically applicable, under which conditions. 
 
The studies discussed concern the interest of manufacturers operating in a market with pricing 
issues and competition. This is not a situation applicable to all different software manufacturer 
types. Other situations are, for example, (see also Butler 1990): 

 Where a custom system is written on contract the schedule is normally fixed. In this case 
however, the trade-off to be made is between operational cost and the penalty for late 
delivery. 

 Where a custom system is written in-house, the revenue from released software is not 
generated by the number of items sold, and can, for example, be measured in terms of 
efficiency and/or effectiveness improvements [productivity improvement]. In this 
situation however it is still possible to speak of a market window. Releasing the software 
later will delay these improvements. 

                                                           
57 A general comparison between the traditional Discounted Cash Flow (DCF) methods and the real options approach can be 
found in Mandron (2000). 
58 A comprehensive list of possible options can be found in (Dixit et al.1995; Trigeorgis 1996; Benaroch 2002). 
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 There may be situations where it is difficult to apply a financial justification for 
individual projects. Possible reasons are: 
- The project only delivers a sub-system as part of the overall product.  
- The project delivers a platform or an IT infrastructure, to be used by other systems. 
- The project’s budget is allocated on an annual basis.  

In these cases the allotment of overall revenues to a single project is difficult. 
 

Financial Options Real Options 
Complete markets. A replicating portfolio can 
emulate any payoff structure. 

Incomplete markets. A replicating portfolio that 
emulates a particular payoff structure may not exist.  

Traded asset. The underlying asset is traded in 
the financial markets. 

Twin security. The underlying asset is not traded; 
instead, the existence of a proxy, or twin security 
whose value is correlated with the underlying asset 
must be assumed.  

Observed current price. The current price of the 
underlying asset is observed. 

Hypothetical asset. The current price of the 
underlying asset is not observed. It must be 
estimated in present value terms. 

No discount rate. A discount rate is not needed 
to value the option because of the existence of 
an observed price and the replication and no-
arbitrage [law of one price] assumptions. 

Discount rate needed. A discount rate is often 
needed to calculate the present value of future 
payoffs. 

No interaction. Financial options are self-
contained, fixed-structure contracts. They don’t 
interact. 

Extensive interaction. Real options within a project 
or across different projects often have complex 
interactions. The behaviour of one option may affect 
the value of the other. 

Limited sources of uncertainty. Financial options 
involve one or two uncertain underlying assets. 

Multiple sources of uncertainty. Real options 
frequently involve multiple underlying assets or 
assets with multiple sources of uncertainty. 

Single ownership. Financial options have defined 
ownership. 

Shared ownership. Real options are often shared 
among competitors. A company’s exercise of a real 
option may kill or significantly undermine a similar 
real option for a competitor, and vice versa. 

Value leakage. The holder of a financial option 
may be subject to loss of benefits, such as 
dividends, that are available to the holders of the 
underlying asset, but not to the holders of an 
option. This behaviour can be modelled using 
historical data or industry conventions. 

Value leakage or amplification. The holder of a real 
option may experience a reduction or an increase in 
benefits as a result of random actions by other 
market players. However such actions often do not 
necessarily follow defined patterns, and as such, 
are difficult to model. 

 
Figure 6-1: Financial Options versus Real Options  
             (Erdogmus 2002) 
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Figure 6-2: Extended Net Present Value 
        (Kallberg and Laurin 1997, p.71) 
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In practice it might be difficult to uniquely classify an investment in software product 
development, and the resulting product may contain many aspects (Berghout 1997, p.78). 
 
The capital budgeting methods discussed are normally applied when a proposal for a product 
development investment is appraised. A valid question is whether they can be of further use 
once a proposal has been accepted and product development has started. Motivation could be 
that, as product development progresses, uncertainties regarding the external environment, and 
project performance, are gradually reduced, enabling an organization to review the original 
business case. One could go further and possibly use a capital budgeting method to model the 
market entry trade-off by comparing the two alternatives. Before addressing this further, some 
market entry models are presented.  
 

6.3 Modelling the Market Entry Trade-off 
 
Assuming the concept of maximizing behaviour or the theory of the firm, the primary objective 
of an organization is to maximize its profit (Hirschey 2003, p.5). Profit maximization means 
that marginal revenue [asset value generated from cash inflows] equals marginal costs [cash 
outflows] and thus, marginal profit equals zero. Total profit is equal to total revenue minus total 
costs. A breakeven point is reached when revenues equal costs and thus, profit is zero. In 
manufacturing environments, costs normally comprise of pre-release development costs and 
post-release operational, or maintenance, costs.  
 
To demonstrate the effects of a delayed market entry on profit, information should be available 
about the market life-cycle model, defining the market, or demand, window. Two cases are 
considered here: a triangular time-to-market cost model and an extended model with a 
saturation period. 
 

6.3.1 Triangular Time-to-Market Model 
 
In this Section, a simple product life-cycle, frequently used in the semiconductor industry, is 
presented, as described by, for example, Liu (1995). The product life-cycle is approximated to a 
triangle with duration 2W, partitioning the market into two stages: 

 Market growth window with duration W. The product begins to gain market acceptance 
and sales tend to grow rapidly as the product reaches the mass market. 

 Market decline window with duration W. As technology advances, and superior products 
are launched, product sales will begin to decline. This downward trend in sales continues 
as the market declines, forcing managers to phase out the product. 

 
It is assumed that the peak of the market is in the middle of the product life-cycle and that, to 
maximize revenues or asset value, the product should be on the market by the start of the 
market [demand] window,59 as illustrated in Figure 6-3. This model can be used to compare 
delivering a software product on time and delivering it with a delay. 
 
For an on-time market entry, the resulting asset value C will be equal to: 
 
 C = ½ . 2W . Cmax       (6.2) 
 
 

                                                           
59 These models are described in terms of ‘revenues’. For consistency with the text the term ‘asset value’ is used instead. 
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Figure 6-3: Approximation of Product Life-cycle to a Triangle 
                  (Liu 1995) 

 
For a product launch not meeting its initially planned release date Tr [start of market window] 
but with a delay D, and assuming the peak of the market is in the middle of the product life-
cycle, the asset value C´ will now be equal to: 
 C´ = ½ . (W-D+W) . [ (W - D)/W ] . Cmax    (6.3) 
 
The loss in asset value Closs is: 
 Closs = C – C´  

= C . D (3W – D) / 2W 2      (6.4) 
 
In Figure 6-4, Asset value in a delayed market entry is illustrated. 
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 6-4: Asset Value ~ Delayed Market Entry  
       (Liu 1995) 
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6.3.2 Triangular Time-to-Market Model with Saturation 
 
Another product life-cycle, frequently used in the semiconductor industry, is a triangular time-
to-market model with a saturation period, as in Figure 6-5; described, for example, by Levitt 
(1992) and Wu and Wei (1997). In this case, the market is partitioned into three stages: 

 Market growth window with duration W1. See previous Section.  
 Period of no growth [saturation] with duration S. As the product matures, sales are 

largely limited to repeat customers, as the majority of potential customers have already 
made their first choices. During this phase, there is no growth in the market. 

 Market decline window with duration W2. See previous Section.  
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Figure 6-5: Approximation of Product Life-cycle to a Triangle with a Saturation Period  
                     (Levitt 1992) 

 
This model can also be used to make a comparison between delivering a software product on 
time and delivering it with a delay. 
 
For an on-time market entry, the resulting asset value C is equal to: 

 C = ½ . W1 . Cmax + S . Cmax + ½ . W1 . Cmax    (6.5) 
 
Where a product launch is not meeting its initially planned release date Tr [start of market 
window] but has a delay D, and assuming that the peak of the market is in the middle of the 
product life-cycle, the asset value C´ will now be equal to: 

 C´ = [ S + ½ . (W1-D+W2) ] . [ (W1 - D)/W1 ] . Cmax   (6.6) 
 
The loss in asset value, as in Figure 6-6, is: 

 Closs = C – C´ 

= C. [ D . (2W1 – D + 2S + W2) / (W1 . (W1+W2+2S)) ]   (6.7) 
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Figure 6-6: Asset Value for a Delayed Market Entry  
        (Levitt 1992) 

 

6.3.3 Extended Model with Cost Functions 
 
The models presented are simplifications of the real world and have their origin in the 
semiconductor industry, which is characterized by small market windows and high sales 
volumes. The principle of demonstrating lost asset value due to delayed market entry can 
however be applied to any industry, and also to the software industry. The important issues are 
the overall asset value curve, related to the market window, and the resulting revenue curve for 
a delayed market entry. Manufacturer organizations capable of defining these curves obtain 
valuable input for decision-making, especially for cost-benefit analyses. This requires 
additional cost information, and the model is extended to include cost functions, describing pre-
release investment costs and post-release operational costs. This is only used for the triangular 
time-to-market model to demonstrate the principle (see also Sassenburg 2004). 
 
For the ‘on-time’ delivery of a product, three functions are defined: 

 Asset value C [Figure 6-3]: 
- Product lifetime is equal to 2.W with peak Cmax at Tr + W. 
- Time of market entry defines a triangle, representing market penetration. 
- Triangle area equals total asset value. 

 Development cost I [Figure 6-7]: 
- Product development time is equal to Tr with peak Imax at Tr/2. 
- Start of project at T=0 defines a triangle, representing development cost distribution. 
- Triangle area equals total development cost. 

 Operational cost M [Figure 6-7]: 
- Peak Mmax at Tr + W. 
- Time of market entry defines a triangle, representing operational cost distribution. 
- Triangle area equals total operational cost. 

 
This leads to the following equations: 
 

C  = ½ . 2W . Cmax       (6.8) 
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I  = ½ . Tr . Imax       (6.9) 
 
M = ½ . 2W . Mmax                  (6.10) 
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Figure 6-7: Development and Operational Cost Model [on-time entry] 

 
Combining the three models, the resulting profit, or net asset value, can be calculated as: 
 

NAV  = -I + C – M 
= ½ . 2W . Cmax - ½ . Tr . Imax - ½ . 2W . Mmax   (6.11) 

 
The resultant break-even point and net asset value are given in Figure 6-8.  
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Figure 6-8: Profit Model [on-time entry] 
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Where a product launch does not meet its initially planned release date Tr [start of market 
window] but starts with a delay D, and, assuming that the peak of the market is in the middle of 
the product life-cycle, the three functions become: 

 Asset value C [Figure 6-3]: 
- Product life time is equal to 2.W, product is released at Tr + D, with peak Cmax´ at Tr + 

W, with Cmax´ = [ (W-D)/W ] . Cmax. 
- Time of market entry defines a triangle, representing market penetration. 
- Triangle area equals total asset value. 

 Development cost I [Figure 6-9]: 
- Product development time is equal to Tr + D, with peak Imax´ at (Tr+ D)/2, 

with Imax´ = [ (Tr + D)/Tr ] . Imax. 
- Start of project at T=0 defines a triangle, representing development cost distribution. 
- Triangle area equals total development cost. 

 Operational cost M [Figure 6-9]: 
- Peak Mmax´ at Tr + W, with Mmax´ = [ (W - D)/W ] . Mmax. 
- Time of market entry defines a triangle, representing operational cost distribution. 
- Triangle area equals total operational cost. 

 
This leads to the following equations: 

C´ = ½ . (W-D+W) . [ (W - D)/W ] . Cmax    (6.12) 

I´  = ½ . (Tr + D) . [ (Tr + D)/Tr ] . Imax    (6.13) 

M´ = ½ . (W-D+W) . [ (W – D/W) ] . Mmax    (6.14) 
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Figure 6-9: Development and Operational Cost Model [delayed market entry] 

 
Combining the three functions, the resulting profit, or net asset value, can be calculated: 
 

NAV´ = -I´ + C´ – M´ 
=    ½ . (W-D+W) . [ (W-D)/W ] . Cmax  

- ½ . (Tr + D) . [ (Tr + D)/Tr ] . Imax 
- ½ . (W-D+W) . [ (W-D)/W ] . Mmax    (6.15) 
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The resultant breakeven point and net asset value are given in Figure 6-10. 
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Figure 6-10: Profit Model [delayed market entry] 
 
In Figure 6-11 an example is presented of the relative consequences of a delayed market entry 
on the profit or net asset value. 
 

Tr = 50 weeks, W = 50 weeks D = 0 wk D = 2.5 wk D = 5 wk D = 7.5 wk D = 10 wk 
Asset value (C) - -7% -14% -21% -28% 

Development cost (I) - 10% 21% 32% 44% 
Operational cost (M) - -7% -14% -21% -28% 

Net asset value (NAV) 
(Cmax = 10, Imax = 5, Mmax = 5) 

- -25% -50% -75% -100% 

 
Figure 6-11: Consequences for Delayed Market Entry 

 
In the next Section, the theory on capital budgeting methods and market entry trade-off models 
is applied to strategic software release decisions. 
 

6.4 Applicability to Strategic Software Release Decisions 
 
In theory, the model presented in the previous Section enables a software manufacturer to 
evaluate different software release alternatives. The model might also be used when evaluating 
investment decisions or when evaluating different product design alternatives. In practice, 
further refinements are necessary to make it more usable when comparing software release 
alternatives and this can be accomplished by integrating it with one of the capital budgeting 
methods presented in Section 6.2. 
 
The value of expected cash inflows and outflows should be discounted back to the present, by 
taking into account the time value of money. Alternatives should therefore be expressed as net 
present values, to enable comparison. The determinants of the economic value of a software 
product are separated into a development and an operations phase, as in Figure 6-12: 
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Figure 6-12: Determinants of Economic Value60 

 
 

T is the development time or time-to-market, defined as the elapsed time between the 
commitment to invest in the project and the time the product is released [start of first 
major cash inflow from revenues or cost savings] 

I is the total present value, at time 0, of all cash outflows from the time the decision to 
invest is made to the product release date 

C is the total present value at time T of the cash inflows that the product is expected to 
generate during its lifetime [revenues, direct cost savings], also called the asset value or 
revenue 

M is the total present value at time T of all cash outflows in the operational phase 
[corrective and adaptive/perfective maintenance], also called operational costs 

r is the discount rate representing the systematic risk in the software product. 
 
 
NPV is taken as the capital budgeting method, being the discounted present value of the 
difference between total cash inflows and total cash outflows. NPV is the most commonly 
employed method for investment evaluations (Hirschey 2003, p.599). It can be calculated as the 
net asset value, equal to C – M, from which the cost of development I is deducted, with all cash 
inflows and outflows expressed in their present value. Equation: 

 NPV = -I + (C – M) / (1 + r) T       (6.16) 
 
Different alternatives can be evaluated by comparing their NPV values. Erdogmus (1999) 
introduces a method for comparative evaluation of software development strategies based on 
NPV-calculations, used to compare custom-built systems and systems based on Commercial 
‘Off the Shelf’ (COTS) software. Erdogmus distinguishes comparison metrics for various 
variables that influence the NPV of a project. This method is used as the basis for the definition 
of a method to reflect software release decisions.61 
 
Let V be a variable and let Va and Vb denote the value of variable V for alternatives A and B 
respectively. A comparison metric is a function of Va and Vb and for a specific value of a 
comparison metric, alternative A is said to be favourable over B if for the value of that metric 
the project NPV for alternative A is superior to the project NPV for alternative B, when 
everything else is equal.  
Metrics distinguished are: 

 Premium: the relative difference of two quantities [if the value of alternative A is 20% 
more than the value of alternative B, the premium equals 0.2]. A negative premium is a 
penalty. 

                                                           
60 The NPV could be further extended with a flexibility value, being e.g. the sum of the time-to-build and build option as in 
Section 6.2. 
61 Some definitions are adapted, and some metrics added, changed or disregarded. Some formulas used have been adapted 
after communication with the author. See (Erdogmus 1999) to make a detailed comparison.  
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 Advantage: the natural logarithm of the ratio of two quantities [for mathematical 
convenience and ease of interpretation62]. A negative advantage is a disadvantage.  

 Incentive: normalized difference of two quantities to allow comparison of alternatives of 
variable scale. A negative incentive is a disincentive.  

 

D
TA

D
ev

el
op

m
en

t 
Ti

m
e 

Ad
va

nt
ag

e
( =

 lo
g 

T b -
 lo

g 
T a 

)

EE
P

Ea
rly

 E
nt

ry
 P

re
m

iu
m

PF
P

Pr
od

uc
t 

Fu
nc

tio
na

lity
 P

re
m

iu
m

PR
P

Pr
od

uc
t 

R
el

ia
bi

lity
 P

re
m

iu
m

AVA
Asset Value Advantage

( = log Ca - log Cb )
SM

P
Sh

or
t-t

er
m

 M
ai

nt
en

an
ce

 P
re

m
iu

m

LM
P

Lo
ng

-te
rm

 M
ai

nt
en

an
ce

 P
re

m
iu

m

OCA
Operational Cost Advantage

( = log Mb - log Ma )

D
C

A
D

ev
el

op
m

en
t 

C
os

t 
Ad

va
nt

ag
e

( =
 lo

g 
I b 

- l
og

 I a 
)

NAVA
Net Asset Value  Advantage

DCI
Development Cost

Incentive

PVI
Present Value Incentive

NPVI
Net Present Value Incentive

 
 

Figure 6-13: Breakdown of NPV Incentive to Lower-level Metrics 
[to compare two release alternatives] 

 
The structure of the NPV model with the breakdown into incentives, advantages and premiums 
is illustrated in Figure 6-13 and is explained in the remainder of this Section. 
 
At the lowest level, two categories of premium metrics are distinguished:  

 Asset value premiums. Three variables influencing the asset value are considered, namely 
early market entry (EEP), product functionality (PFP) and product reliability (PRP).  

 Operational cost premiums. Two variables influencing the operational cost are 
considered, namely the short-term costs for corrective maintenance (SMP) and the long-
term costs for adaptive/perfective maintenance (LMP). 

 
The Asset Value Advantage AVA is equal to the expected increase in future cash inflows 
[difference between the two alternatives Ca and Cb] and is the contribution of the Early Entry 
Premium EEP, the Product Functionality Premium PFP and the Product Reliability Premium 
PRP: 
                                                           
62 Some basic properties are: e0 = 1; log 1 = 0; e log a = a; log a + log b = log (a * b), log a – log b = log (a/b), dex/dx = ex. 
Note that when ‘log’ is used here, the natural logarithm ‘loge’ or ‘ln’ is meant.  
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 AVA = log Ca – log Cb  
  = log [ Cb + Cb . (EEP + PFP + PRP) ]  – log Cb 
  = log ( 1 + EEP + PFP + PRP )     (6.17) 
 
The Operational Cost Advantage OCA is equal to the future cash outflows savings [difference 
between the two alternatives Mb and Ma] when the product is transferred to the operational 
phase and is the contribution of the Short-term Maintenance Premium SMP [corrective 
maintenance] and the Long-term Maintenance Premium LMP [adaptive/perfective 
maintenance]: 

 OCA = log Mb – log Ma 
  = log Mb - log [ Mb - Mb . (SMP + LMP) ]  
  = log [ 1 / (1 - SMP - LMP) ] 
  = - log ( 1 - SMP - LMP )      (6.18) 
 
The Asset Value Advantage AVA [expected future cash inflows] and the Operational Cost 
Advantage OCA [expected future cash outflows] are combined in the Net Asset Value 
Advantage NAVA: 

 NAVA = log NAVa – log NAVb       
  = log (Ca – Ma) + log (Cb – Mb)  
  = log ( eAVACb – Mb/eOCA ) – log NAVb    (6.19) 
 
The Present Value Incentive PVI is derived from the Net Asset Value Advantage NAVA, taking 
into account the discount rate r and normalizing it to the base alternative NAVb: 

 PVI = [ PVa – PVb ] / NAVb  
  = [ (NAVa / (1 + r) Ta) - (NAVb / (1 + r) Tb) ] / NAVb   
  = [ 1 / (1 + r) Tb ] . [ e NAVA / (1 + r) Ta - Tb – 1 ] 
  = [ 1 / (1 + r) Tb ] . [ e NAVA / (1 + r) β – 1 ]    (6.20) 
with: 
 β = Tb [ (1/eDTA) – 1 ]      (6.21) 
 
The Development Cost Incentive DCI is the normalized difference of the development cost 
between the two alternatives Ib and Ia considered: 

 DCI = ( Ib – Ia ) / Ib  
  = 1 – (1 / eDCA)       (6.22) 
 
This leads to the final Net Present Value Incentive NPVI, normalized to the project scale: 

 NPVI = ( NPVa – NPVb ) / ( NAVb + Ib ) 
  = ( PVa – Ia – PVb + Ib ) / ( NAVb + Ib ) 
  = ( PVI . NAVb + DCI . Ib ) / ( NAVb + Ib )    (6.23) 
 
The original method was developed to compare different product development strategies for 
making investment appraisals. The adjusted method can be used in a similar fashion but more 
accurately reflects specific criteria related to a software release decision: reliability and 
expected short-term and long-term maintenance costs. Usage of both models is not restricted to 
the appraisal of initial product development strategies. They may also be used during product 
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development, for example, to evaluate different design alternatives or, important for this study, 
to evaluate different release alternatives.63 Differences for investment appraisals are: 

 The development costs already spent should be disregarded, as they are past and 
irretrievable outflows [sunk costs]. 

 Instead of total development time, only the time left until the release date is taken.  
 
In Figure 6-14, an example comparing two release alternatives is illustrated: a test alternative A 
against a base alternative B. It is assumed test alternative has the following differences to the 
base alternative:64 

 The product is released earlier to capture an early market-entry reward (DTA = 0.29).  
 It is assumed this has a positive effect of 50% on the cash inflows C (EEP = 0.50), but 

this effect is largely cancelled, because customers are confronted with less functionality 
(20% less cash inflows, PFP = -0.20) and a lower reliability level (25% less cash 
inflows, PRP = -0.25). The overall asset value advantage is however still positive (5%, 
or AVA = 0.05). 

 It is assumed the early release, with a lower reliability level, will influence cash outflows 
M during the operational phase in a negative way: an increase of 10% for short-term 
maintenance costs (SMP = -0.10) and an increase of 40% for long-term maintenance 
costs (LMP = -0.40). This leads to a negative operational cost advantage (OCA = -0.41). 

 
Parameters Base Alternative Test Alternative Name  

T: Development time  4  3 Tb Ta  
 I: Initial cash outflows 100 80 Ib Ia  
C: Expected cash inflows 300 - Cb  
M: Expected cash outflows 100 - Mb  
 r: discount rate  0.1  0.1 r  

Premiums Base Alternative Test Alternative Name Value 
Early Market Entry -  50% EEP  0.50 
Product Functionality - -20% PFP -0.20 
Product Reliability - -25% PRP -0.25 
Short-term Maintenance - -10% SMP -0.10 
Long-term Maintenance - -40% LMP -0.40 

Advantages Base Alternative Test Alternative Name Value 
Development Time  Tb Ta DTA  0.29 
Development Cost  Ib Ia DCA  0.22 
Asset Value  Cb 315 AVA  0.05 
Operational Cost  Mb 150 OCA -0.41 
Net Asset Value 200 165 NAVA -0.19 

Incentives     Name Value 
Present Value 137 124 PVI -0.06 
Development Cost  Ib Ia DCI  0.20 
Net Present Value  37  44 NPVI  0.02 

 
Figure 6-14: Comparison of Two Alternatives 

                                                           
63 Sassenburg (2003) states that the appraisal of a software release decision can be seen as the re-appraisal of an earlier 
investment decision, probably with less uncertainty. Vice versa, the appraisal of an investment decision is the pre-appraisal of 
a software release decision probably with high uncertainty. Put differently, available methods or models can be applied to 
both decision types. 
64 Arbitrary values have been taken for the parameters T, I, C, M and r, merely to demonstrate the method.  
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From these assumptions, the net asset value advantage NAVA and the resultant present value 
incentive PVI can be calculated. The finding is that the test alternative is less attractive than the 
base alternative (PVI = -0.06). However, assuming the earlier release of the product will reduce 
the initial cash outflows I for product development (DCA = 0.22), an incentive for the test 
strategy is revealed as the Net Present Value Incentive or NPVI is positive (NPVI = 0.02). 
 
The method presented also offers the possibility of performing a sensitivity analysis when one, 
or more, variables are changed. In Figure 6-15, the incentive for the net present value NPVI as a 
function of the development time advantage DTA is illustrated for different product risk values 
r [0.05 – 0.10 – 0.15 – 0.20 – 0.25 – 0.30]. Consistently increasing the product risk increases 
the incentive for the test alternative, especially when the development time advantage increases. 
Above a certain value for the development time advantage [intersection of different curves], 
lower product risk values contribute to a higher NPVI. 
 
The method can also be used for constrained decision-making, for example, when there is a 
budget constraint [development cost] or a time constraint [small market window]. In such 
cases, calculations may, for example, be combined with the Lagrangian Multiplier Method 
(Thomas 1999). This method imposes a penalty on any proposed solution, proportional to the 
extent to which the constraint is violated. By choosing the constant of proportionality large 
enough, the solution can be forced into compliance with the constraint. It however requires 
knowledge of the relationships between the different parameters [premium metrics]. Software 
development cost estimations methods like COCOMO II (Boehm et al. 2001) may be of aid 
here when considering the relationship between the development time and development cost 
[initial cash outflows], and COQUALMO (Chulani 1999) when considering the relationship 
between development cost/time and reliability.65  
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Figure 6-15: Sensitivity Analysis  

[comparing NPV incentive with development time advantage  
for different product risk values] 

 
It is concluded that the NPVI-method presented here can be used to illustrate the market entry 
trade-off for a software product and gives an answer to the first secondary research question: 
                                                           
65 However, as pointed out in Section 4.4.1, making a strictly computational release decision must be considered a utopia; not 
all parameters can be quantified without uncertainties and the exact relationships between all parameters will in a practical 
context be unknown. This is further discussed in following Chapters. 
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different alternatives can be compared assuming the availability of perfect information. A valid 
question here is whether NPV is the most suitable approach. Comparisons of financial 
approaches [like NPV, PI and IRR] reveal a high degree of consistency in terms of their 
outcomes, but also reveal some differences like the measure of a project’s attractiveness 
[absolute for NPV versus relative for PI], and the assumption about the reinvestment of cash 
flows during the life of a project [at the organization’s cost of capital for NPV and PI versus at 
the IRR itself for IRR] (Hirschey 2003, p.606). The objective is however to model the market 
entry trade-off for a release decision, creating the possibility of comparing two different release 
alternatives. The model described offers this functionality and many differences between 
financial approaches do not apply in comparisons of two alternatives. It is beyond the scope of 
this study to build a general model integrating all the different financial approaches, or to build 
a single model for each individual financial approach.  
 

6.5 Practices Identified 
 
In the previous Sections, the focus is on capital budgeting methods and modelling the market 
entry trade-of, thus answering the first secondary research question. The ‘Release Definition’ 
process area, as introduced in Chapter 5, is however not limited to modelling the market entry 
trade-off. This process area is concerned with the definition and control of the product 
development strategy, including the comparison and evaluation of alternatives meeting this 
strategy.  
 
Four underlying practices are defined: 

1. P-A1: Project Objectives. The importance of a product development strategy, stating 
project objectives and their priorities, is discussed in 3.2.1. The project development 
strategy is derived from customer and end-user requirements and organizational 
requirements [like internal standards, schedule and budget constraints]. Both types of 
requirements are inputs to this process area. Combined, they form the functional and 
non-functional requirements of the product to be developed. These requirements are used 
to derive a project plan, describing the project in terms of its objectives [including 
priorities], organization and uncertainties, and its activities and assigned resources 
schedule [schedule and resource planning]. From this plan, the release criteria can be 
derived; as can the project deliverables. These are considered outputs from this process 
area to other process areas. The definition of the project objectives takes place during the 
project proposal phase. Different alternatives might be compared, using the derived 
NPVI-method in Section 6.4, by determining their incentives when compared to a base 
alternative.  
    The correct implementation of this practice is the responsibility of all stakeholders 
involved: Senior Management at strategic level and Project Steering Committee at a 
tactical level. 

2. P-A2: Project Control. In the early phases of the development of a new product 
uncertainties will be present. As discussed in Section 3.2.2, the unpredictable nature of 
product development, and dynamics in the external market environment, force an 
organization to continuously revisit the initially-formulated development strategy. These 
uncertainties might lead to changes in the initially-defined product development strategy, 
as confirmed in the case studies (Section 4.4.1). The progress of the project should be 
monitored against planning, taking into account the implementation status of the 
identified project deliverables. This is an input to this process area. The resulting project 
status is an output from this process area; reported to the controlling organ. Appropriate 
action, like the redefinition of project objectives, should be taken for significant 
deviations from the plan. The control of the project takes place after the investment 
appraisal until the release decision.  
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    The correct implementation of this practice is considered to be the responsibility of 
Development, assigned to execute the project. Progress with the operational plan will 
normally be discussed in the Project Steering Committee, but progress made on 
important milestones will also involve Senior Management.  

3. P-A3: Uncertainty Management. In Section 4.4.3 it is concluded that one of the 
characteristics of software release decisions is uncertainty. The presence of complete 
uncertainty is identified, as the chance of occurrence of different scenarios could not be 
quantified with probability or possibility values. The objective of pro-active uncertainty 
management is to meet the product development strategy by decreasing the likelihood 
that future events may cause adverse effects. The management of uncertainties takes 
place after the investment appraisal until the release decision. The derived NPVI-method 
in Section 6.4 might be combined with a sensitivity analysis, or a Monte Carlo 
simulation, to analyse how sensitive the NPV is when variables are changed due to 
uncertainty. This may be of special interest when comparing different alternatives (see P-
A4). Application of the real options approach, as discussed in Section 6.2, might be 
considered here, as it is considered a managerial approach for dealing with uncertainties. 
    The correct implementation of this practice is considered the responsibility of 
Development; assigned to execute the project. Progress in managing uncertainties 
identified is normally discussed in the Project Steering Committee, but progress made on 
important milestones will also involve Senior Management. 

4. P-A4: Selection of Alternatives. A project is faced with important decisions, especially 
in its early phases. An example is the selection of the design or architecture of the 
product, although the case studies show this is not a common practice in industry 
(Section 4.4.2.). Different alternatives might have different outcomes on the extent to 
which project objectives, defined in the product development strategy, are met. 
Alternative A might, for example, be attractive in bringing a product to the market early 
[short-term], but alternative B might be more attractive for future enhancements of the 
product [long-term].66 The availability of a product development strategy, reflecting the 
latest insights, enables the selection of different project and product alternatives. The 
selection of alternatives takes place after the investment appraisal until the release 
decision, with the selection of a design or architecture and the comparison of different 
release alternatives as important activities. The derived method in Section 6.4 might be 
used to make a quantitative comparison by determining the NPVI [Net Present Value 
Incentive].  
    The correct implementation of this practice is considered the responsibility of 
Development and Maintenance & Exploitation. Motivation is that different alternatives 
will often reveal controversial issues between short-term and long-term objectives. 
Meeting short-term objectives will in general be more attractive to Development, 
whereas meeting long-term objectives will normally be more attractive to Maintenance & 
Exploitation. Where no compromise can be found, or where the product development 
strategy is severely undermined, Marketing and Senior Management may well become 
involved.  

 
A requirement for all practices described is that initial values (P-A1), and actual values (P-A2), 
of the dimensions in the product development strategy, the identified uncertainties including the 
measures taken (P-A3), and the decisions made when selecting alternatives (P-A4), are 
documented, in describing the project history. The rationale is discussed in Chapter 9. 
 
In Figure 6-16, the data-flow-diagram of the ‘Release Definition’ process area is illustrated, and 
in Appendix F, a summary of the process area is given, including examples of supporting 
method(s) that can be used for the implementation of each practice. 
 

                                                           
66 Note that comparing different product development strategies is covered by P-A1.  
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Figure 6-16: Data-flow Diagram ‘Release Definition’ Process Area 
 
In Appendix F, a summary of this process area is given including examples of supporting 
method(s) that can be used for the implementation of each practice. 
  

6.6 Summary and Conclusions 
 
The first process area of the framework, ‘Release Definition’, as presented in Chapter 5 is 
discussed. An overview is given of existing capital budgeting methods to appraise investment 
decisions. This is important as the suggestion is raised that such methods could possibly also be 
used to model the market entry trade-off, prior to a release decision, by comparing the 
evaluation outcomes of different alternatives. 
 
Product life-cycle models, frequently used in the semiconductor industry, are introduced to 
demonstrate the effects on revenues of a delayed market entry: a triangular model and a 
triangular model with a saturation period. These models are extended with cost functions for 
pre-release development costs and post-release operational costs.  
 
Based on these models, a method is defined using the NPV capital budgeting method. Using 
this financial approach, and taking into account the discounted value of money, the NPVI-
method is defined where the difference between two alternatives is expressed in a single 
variable. This variable, called the Net Present Value Incentive, is calculated from various 
underlying metrics, and measures the economic incentive to favour one alternative over 
another. The metrics are classified into premium metrics at the lowest level, advantage metrics 
at the medium level and incentive metrics at the highest level. This method allows the 
comparison of different alternatives during different project phases, including release 
alternatives. This method with the hierarchical metrics framework offers the possibility of 
analysing the sensitivity of the higher-level incentives to variations in medium-level advantages 
and lower-level premiums.  
 
How to model the market entry trade-off for a software product? This is the 1st secondary 
research question, which is answered in this Chapter. The method presented can be used for the 
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economic valuation of different market entry or release alternatives. The method can, 
furthermore, be extended, for example, by including flexibility Ω as an incentive. This 
incentive measures the contribution of the strategic flexibility of a test strategy to its base NPV 
under uncertain conditions. This flexibility may, for example, exist for a time-to-build [staged 
investment] and/or growth options [follow-on projects] as advantages, or premiums at a lower 
level. The resulting equation for the NPV becomes in this case: 

 NPV = -I + (C – M) / (1 + r) T + Ω     (6.24) 
 
Use of the method is not restricted to specific manufacturer types. Environmental and internal 
conditions for a software manufacturer will determine the market, or demand, window and will 
affect the expected cash inflows and outflows. The underlying method is not influenced. A final 
remark is necessary. Applying the method presented means that all costs and benefits are 
quantified in monetary terms, including the costs of possible fatalities and injuries in, for 
example, safety-critical systems. It is however difficult, if not impossible, and may even be 
unethical, to place any sort of value on human life.  
 
For the ‘Release Definition’ process area, reflecting the perspective of maximizing behaviour, 
four practices are derived. The ‘P-A1: Project Objectives’ practice concerns the definition of 
the product development strategy prior to the investment appraisal. When the project is 
launched, the ‘P-A2: Project Control’ practice monitors the project’s progress towards the 
accepted product development strategy. The ‘P-A3: Uncertainty Management’ practice 
concerns the identification of sources of uncertainty and the implementation of appropriate 
measures to reduce, or even eliminate, uncertainties towards ensuring the product development 
strategy is met. Finally, the ‘P-A4: Selection of Alternatives’ practice concerns the analysis of 
which alternative is favourable in meeting the product development strategy, taking into 
account the effect of uncertainties identified. 
  
In the next Chapter, limitations on the concept of maximizing behaviour are discussed. 
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7 RELEASE INFORMATION 
 

“When action grows unprofitable, gather information; when information grows unprofitable, 
sleep.”   

-- Ursula K. Le Guin (1969) -- 
 

7.1 Introduction 
 
In the previous Chapter, an economic market entry model is defined, for comparing software 
release alternatives. The perspective of maximizing behaviour is assumed, stemming from the 
theory of the firm. The primary objective of a firm, or, in this case, a software manufacturer, is 
to maximize long-term expected value (Hirschey 2003, p.5). For the decision-maker, it is 
assumed that: 

 The decision-maker is an economic person with the objective of maximizing expected 
utility.  

 The decision-maker can choose from a set of well-defined, and mutually exclusive, 
alternatives. 

 The decision-maker is able to estimate the outcome, and calculate the expected value of 
each alternative.          (Harrison 1987, p.79) 

 
These assumptions stem from the closed decision model of economic theory, in its turn 
assuming:  

 Availability of most, if not all, information relevant to the objective. 
 Ability to quantify the information gathered. 
 Desirability of ignoring information that is not readily quantifiable. (Harrison 1987, p.84) 

 
In the exploratory case studies however, it was found that, in a practical setting, time and cost 
constraints are present, the environment is not closed but open, and, as a result, the available 
information for decision-making is neither complete nor reliable (Section 4.4.3). In this Chapter 
the effect of taking information costs into account is discussed.  
 
In Section 7.2 the ‘economics’ of information is discussed, showing that information perfection 
has a price. In Section 7.3 the economics of information are applied to software release 
decisions, identifying the main sources of information decision-makers should seek, with an 
answer given to the 2nd Secondary Research Question: ‘To what extent can an optimal level of 
information be determined as input to the software release decision-making process?’ Based on 
the clarification of aspects of optimizing behaviour, practices for the ‘Release Information’ 
process area are derived in Section 7.4. This Chapter ends with a summary and conclusions in 
Section 7.5. 
 

7.2 Economics of Information 
 
Maximizing behaviour assumes that decision-makers have complete information about costs 
and benefits associated with each option. They compare the options on a single scale of 
preference, value or utility. Modern behavioural economics acknowledge however, that the 
assumption of perfect [complete and reliable] information is implausible. Etzioni and Amitai 
(1989) argue that because, normally, limitations on information will exist, it is impossible to 
undertake the precise analysis necessary to maximize economic objectives. Many economists 
put similar, and other arguments, against the case for maximizing behaviour (for example, 
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McQuire 1947; Simon 1955, 1957; March and Simon 1958; Winter 1964; Anthony 1966; 
Jensen and Meckling 1976). Rather than assuming decision-makers possess all relevant 
information for making choices, information is, itself, treated as a commodity, something that 
has a price in time and/or money.  
 
This argument of limitations on information can be used to ‘soften’ maximizing behaviour to 
optimizing behaviour, where an individual decision-maker makes a trade-off between 
information perfection [completeness and reliability] and the cost related to searching for 
additional information. This relationship is described by Harrison (1987, p.49), and is given in 
Figure 7-1. On the horizontal axis, Information perfection is measured, which is knowledge 
about the decision outcome of an alternative. When information perfection equals 100%, the 
information is complete and reliable, or, supposedly, perfect. The vertical axis measures the 
value, cost and yield [marginal value] as a function of information perfection on the horizontal 
axis. Value refers to how desirable a particular decision outcome is considering the value of the 
alternative,67 whether in money, satisfaction or other benefit. The value curve V(i) rises 
steadily. Cost is the cost involved in searching for alternatives, for example, extending 
information perfection. The cost curve C(i) moves in the opposite direction, rising rather slowly 
at the start because the initial information requires relatively little effort. Additional information 
becomes more difficult to obtain and the associated cost increases exponentially. Yield is the 
difference between value and cost [net value]. The yield curve Y(i), the difference between the 
value and cost functions, reduces sooner, and more steeply than the value curve. Yield 
represents the net value with the point of diminishing returns, or point of optimality Y*, the 
point where this curve reaches its maximum with the corresponding values I*, V* and C*.68 
Beyond this point, the cost of acquiring additional information outweighs the value or benefit. 
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Figure 7-1: Value (V), Cost (C) and Yield (Y) as a Function of Information Perfection 

               (Harrison 1987, p.49) 
 
This model can be formulated as follows: 
 

                                                           
67 Alternatives are the possibilities one has to choose from. Alternatives can be identified [searched for and located] or even 
developed [created where they did not previously exist]. 
68 Note that the value function V(I) and cost function C(I) can be expressed in different units, V(I, for example, on an ordinal 
scale and C(I) on a monetary scale. This may make it difficult to find a common denominator and thus ‘calculate’ the 
resultant yield function Y(I). 
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1. The information perfection i ranges from: 

0% ≤ i ≤ 100%     
 

2. It is assumed the cost function C(i) can be described as exponentially increasing and 
thus a strictly convex function with the conditions: 

C(0)  =  0 
C(∞)  = ∞ 
dC(0) / di  =  0 
dC(i) / di = constant . C(i) > 0  69  
d2C(i) / di2  >  0 

 
Trying to perfect information leads to an exponential rise in cost [diminishing marginal 
productivity]. 

 
3. It is assumed the value function V(i) can be described as a strictly concave function 

with the conditions: 

V(i)  = 0 
V(∞)  = constant 
dV(i) / di  >  0    
d2V(i) / di2  <  0 

 
The possible effect of information overflow, and its effect on the value function, is 
disregarded here. Information overflow occurs when marginal decreases in value, due 
to additional information quantity, are greater than the marginal increases in value due 
to additional information quality (Keller and Staelin 1987; Buchanan 2000). 

 
4. The yield curve Y(i) is given by: 

Y(i)   =  V(i) – C(i)     (7.1) 
 

The point of optimality is the point Y* on the yield curve, with I* being the 
corresponding information perfection, C* the corresponding cost level and V* the value 
of information obtained. It is the point on the yield curve Y(i) where: 

dY(i) / di  =  0 
  = d ( V(i) – C(i) ) / di     (7.2) 

 
This is the intersection of the derivatives of value and cost functions with: 

dV(i) / dC(i)  = 1      (7.3)
   
Expressing V as a function of C, with the elimination of i, and calculating the 
derivative, the intersection of the derivatives of value and cost function can graphically 
confirm this, as shown in Figure 7-2. 

  

                                                           
69 Exponential function: the slope of the cost function at any value is proportional to the value of the cost function itself. 
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Figure 7-2: Point of Optimality 
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Figure 7-3: Extended Model with Time Function [T(i)] 

 

Time is not taken into account. As time is also a constraint when perfecting information, the 
model is extended to this point by incorporating the time function T(i). It is assumed this 
function is merely identical to the cost function C(i) and can also be described as exponentially 
increasing and thus a strictly convex function with the conditions: 

T(0)  =  0 
T(∞)  = ∞ 
dT(0) / di  =  0 
dT(i) / di = constant . T(i) > 0 
d2T(i) / di2  >  0 
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Trying to perfect information will lead to an exponential rise in time, with an extended model 
given in Figure 7-3.70,71 
  
Prior to a further discussion on the concept of optimizing behaviour, the effects of changing the 
value, cost and time functions are presented. In Figure 7-4 three different value functions are 
given, Vn(i) being the nominal function, Vl(i) being the value function for a less efficient and 
effective information collection and exchange process, and Vh(i) is the value function for a 
more efficient and effective information collection and exchange process. 
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Figure 7-4: Different Value Functions 
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Figure 7-5: Point of Optimality 

                                                           
70 Note: principally, it is possible to obtain a direct relationship between cost and time: C = f (t) by taking their functions and 
eliminating i. In reality however, one has, to some extent, the flexibility to increase the cost level without significantly 
changing the time frame, for example, by letting resources work in parallel. 
71 In this figure, the time function T(i) rises more steeply than the cost function C(i). It is however only an example as the 
functions, other than their basic shapes, are not known.  
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The resulting points of optimality for different value functions are given in Figure 7-5, using 
the intersection between the derivatives of the value functions and the cost function. It is clear 
that the point of optimality shifts to the right when the value function increases; more valuable 
information is obtained against equal cost. 
 
The same exercise can be performed for different cost or time functions. The resultant points of 
optimality for different cost functions are given in Figure 7-6, using the intersection between 
the derivatives of the value function and the cost functions [Cn(i) is the nominal function, Cl(i) 
the cost function for a more efficient and effective information collection and exchange 
process, and Ch(i) the cost function for a less efficient and effective information collection and 
exchange process]. The point of optimality shifts to the right when the cost function decreases, 
and valuable information is obtained against lower cost. Further, when the cost function 
decreases, the time function will probably decrease as well, as information is obtained in less 
time. The same effect might occur when the time function decreases, and valuable information 
is obtained in less time and probably against a lesser cost.  
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Figure 7-6: Point of Optimality ~ Different Cost Functions 

 
These exercises are important, as improved decision-making requires the availability of additional 
valuable information. When more valuable information can be obtained against less cost and 
time, it should have the effect of shifting the point of optimality to the right, thus reducing the 
level of uncertainty involved in the decision. Using the definitions discussed in Section 3.4.2, 
improving information perfection should, theoretically, enable a decision-maker to transform a 
decision with complete uncertainty [point of optimality to the left] to a decision with informed 
uncertainty [point of optimality moving to the right] or even a decision with certainty [point of 
optimality completely to the right]. 
 
The model presented partially eliminates criticism on the maximizing behaviour theory: 
collecting information has a price in time and money, and, in a practical context, absolute 
perfection will normally not be sought. This leads to uncertainty. Witteloostuijn (1988, p.298) 
distinguishes: uncertainty of the composition of the choice set of alternative courses of action 
[action uncertainty], the cost and benefit of the alternatives concerned [yield uncertainty] and/or 
the availability of additional information and the cost and benefit of processing and gathering it 
[information uncertainty]. However, this concept of optimizing behaviour still assumes that the 
expected utility is maximized as decision-makers are, implicitly assumed, to search for the 
point of optimality, above which the net yield declines [law of diminishing returns]. The point 
of optimality is the point where marginal value equals marginal costs and where marginal yield 
is zero.  
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The difference between maximizing and optimizing behaviour is that the search for information 
is taken into account, as an economic activity in the classical production function, with 
associated costs and time. The primary objective however stays the same – profit maximization. 
 
A criticism is that a decision-maker is now not only confronted with determining the shapes of 
supply and demand curves, but also the costs and benefits of searching for information. This 
may even magnify, and multiply, the computational complexities a decision-maker faces 
(Simon 1978, p.359).  
 
Another area of concern is determining the point of optimality (Gigerenzer 2004): 

 Optimization is impossible in many natural situations. In most natural situations 
optimization is computationally intractable, as a combinatorial explosion is generated. In 
such cases, the reality should be simplified (Tsotsos 1991).  

 Optimization is impossible when problems are unfamiliar and time is scarce. Even when 
optimization is, in principle, possible, a practical problem remains. In a familiar problem, 
the decision-maker knows how to reach optimization [routine, simple problem], but for 
an unfamiliar problem there is no known method of arriving at the optimum (Selten 
2001). Note that strategic software release decisions are, typically, unfamiliar problems 
(non-routine decisions, see Section 4.4.3). Not knowing how to find the optimum is, in 
fact, the problem of infinite regress; how can one know the expected value and cost of 
more information? (Elster 1983). To answer this question one needs to collect 
information to determine how much information to collect before one decides how much 
information one should collect ad infinitum. 

 Optimization does not imply an optimal outcome. To optimize one has to make 
assumptions about reality, often leading to simplifications. If they are wrong or too 
simple, optimization will not necessarily lead to an optimal outcome (March 1978). 

 A good fit, per se, is not an empirical validation of the model. It is not the descriptive 
accuracy that is important, but the accuracy of the predictions that are made (Friedman 
1953).72 

 
Instead of the point of optimality a zone of cost effectiveness may be defined; a bandwidth 
where the marginal yield is equal, or close, to zero. This zone of cost effectiveness defines the 
relationship between monetary cost and effectiveness measured in terms of actual results. A 
solution is considered cost effective compared to other alternatives, if it is: 

(1) Less costly and, at least, as effective; 
(2) More costly and more effective, with an added efficacy justifying the additional price; 
(3) Less effective and less costly, where the additional cost of the alternative(s) is too high 

for the additional benefits provided.  
 
In the next Section, the concept of optimizing behaviour is applied to strategic software release 
decisions. It is demonstrated that accepting the concept of optimizing behaviour only 
marginally influences the maximizing behaviour model presented in the previous Chapter.  
 

7.3 Applicability to Strategic Software Release Decisions 
 
When nearing the planned release date, the question asked by a software manufacturer is: when 
can testing be stopped so the product can be released? In the previous Chapter the NPVI-
method was introduced to enable the comparison of different release alternatives. This method 
is based on comparing the net present values of different release alternatives. In this Section, 
                                                           
72 This is also one of the problems of software reliability estimation models as discussed in Section 3.3.2 (Fenton and Pfleeger 
1997). 
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the formula used for calculating the net present value is further refined, which enables the 
determination of different sources of information as input to the release decision-making 
process. 
 

7.3.1 Refined Model 
 
In Section 6.4, a general formula for calculating the net present value is introduced (equation 
6.16). In this Section, this formula is further refined, using the general form of software 
reliability estimation models, as presented in Section 3.3.2 (equation 3.11). The two higher-
order limitations on these software reliability estimation models are also addressed (Section 
3.3.3): 

1. Focus of the models is on cash outflows, with cash inflows not taken into account. The 
time value of money is also discarded. 

2. Focus of the models is on pre-release testing versus post-release corrective cash flows, 
not total cash outflows, including the additional [avoidable] costs for future product 
enhancements incurred for a low level of maintainability. 

 
The limitation that only cash outflows are considered can easily be overcome by incorporating 
cash inflows, while the time value of money can also easily be incorporated. This results in the 
net present value function NPV(t), as presented in Section 6.4, as the difference between the 
asset value [cash inflows] and two cost functions [cash outflows]. In formula form (see also 
equation 6.16): 

NPV(t)  =  -I(t) + [ C(t) – M(t) ] / (1 + r) Tr     (7.4) 
 
For the pre-release operational cost function I(t), the equation introduced in Section 3.3.2 is 
used, extended by development cost spent before testing:  

 I(t) = Id (Tt) + It (t - Tt) 
= Id(t) + i1 . m(t - Tt) + i2 . (t - Tt)    (7.5) 

with 
Id(Tt):   total development cost before testing 73 
It(t):  total cost of testing and removing faults during testing phase 
i1:  expected cost of removing a fault during testing phase 
i2:  expected cost per unit time of testing 
m(t):  expected mean number of faults detected in time (Tt,t]   
Tt:  start of testing phase 
 

Where the test effort is constant over time [sum of effort spent on testing and fault removal is 
constant], the pre-release testing cost function It(t) can be described as a linear curve and thus 
as an increasing, strictly convex, function. Assuming the additional cost for finding, and 
removing, subsequent defects increases as testing progresses, trying to perfect the product will 
lead to an exponential increase in development cost [diminishing marginal productivity]. 
 
For the post-release operational cost function M(t), the equation Ms(t), as introduced in Section 
3.3.2, is used, extended with the function Ml(t) illustrating the avoidable cost for future product 
enhancements due to a low level of maintainability. This eliminates the limitation that only 
short-term corrective cash outflows are considered. The exact shape of the function Ml(t) is 
determined by factors, such as the quality of the product design [extent to which maintainability 
requirements are addressed], the quality of the product realization [extent to which 
maintainability requirements are correctly implemented[, and the quality of the documentation 

                                                           
73 Note that when comparing different release alternatives, the development costs before testing can be discarded, as they are 
sunk costs [non-retrievable]. It is further assumed that during testing no further development takes place. 
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[extent to which the product is documented in an accessible way]. The function M(t) can be 
described as: 

M(t) = Ms(t)   + Ml(t) 
= m1 . [ m(∞) – m(Tr) ]  +  Ml(t)    (7.6) 

with 
M:  total cost of testing and removing faults during operation phase and 

total avoidable cost for future product enhancements 
Ms(t):  total cost of testing and removing faults during operation phase 

(corrective maintenance) 
Ml(t):  total avoidable cost for future product enhancements due to low 

maintainability 74 
m1: expected cost of removing a fault during operation phase 
m(t): expected mean number of faults detected in time (Tr,t] 75  
Tr: release time 
 

Assuming the test effort during the testing phase is constant, and that the number of faults 
found per unit time of testing will decrease as testing proceeds [‘easy’ defects are found in the 
early test phase], this cost function M(t) can be described as exponentially decreasing, and thus 
a, strictly convex, function. Trying to perfect a product leads to an exponential decrease in 
operational cost. 

 
The exact shape of the newly-introduced asset value function C(t) depends on the market 
window and the extent to which functional and non-functional requirements implemented meet 
customer/end-user demands. It is assumed that this asset value function C(t) can be described as 
a strictly concave, quadratic function [first-increasing-then-decreasing] with a global maximum 
of Cm, conditions being: 

C(0)  = Ca 
dC(t) / dt  >  0  if  C < Cm 
dC(t) / dt = 0  if C = Cm 
dC(t) / dt <  0  if  C > Cm 
d2C(t) / dt2  <  0 
d3C(t) / dt3  = 0 

 
The point of maximal net present value on the curve is the point NPV* where its marginal value 
is zero, with T* being the optimal release time, I* the associated development cost level, M* the 
associated operational cost level and C* the asset value obtained, as graphically depicted in 
Figure 7-7: 

dNPV(t) / dt  =  0 
  = d ( -I(t) + [ C(t) – M(t) ] / (1 + r) Tr ) / dt  (7.7) 

 
 

                                                           
74 In Section 4.4.2, SAAM is briefly mentioned as a method to assess the maintainability of a software architecture. The 
Maintainability Index, as discussed in Section 3.3.3, or an equivalent measure, might be considered to determine the long-
term maintainability of code implemented. 
75 The same mean value function m(t) is used here as in equation 7.5. However, as the mean value function now concerns the 
operational phase, it should reflect the operational profile. 
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Figure 7-7: Asset Value 

 
The exact shape of the cost function I(t) depends on many factors; among which the 
characteristics of the product being developed, the development process being used, the 
underlying technology used [both supporting development technology and technology used in 
the product itself], and the capabilities and experience level of the people in the project. The 
same product developed by two different project teams, using the same process and technology, 
might reveal different maximal net asset values. Similarly, the same product developed by two 
identical project teams, using the same technology but a different process, might reveal 
different maximal net asset values. In an analogous way, the factors mentioned influence the 
shape of the post-release operational cost function M(t). The same product maintained by two 
identical maintenance teams, using the same technology but a different maintenance process 
might reveal different maximal net asset values.  
 
The model presented gives a more detailed description for determining the net present value 
than used in the previous Chapter. It eliminates the limitations found in available software 
reliability estimation models. In the next Section, this model is used to determine the sources of 
information as input to the software release decision-making process. 
 

7.3.2 Optimal Information Level 
 
Using the model from the previous Section, the main sources of information, as in Figure 7-8, 
as input to the decision-making process, can be derived: 

1. External market-related information about demand functions [market window and 
expected revenues or cash inflows] is needed to estimate the shape of the asset value 
function C(t). 

2. For product-related information, two different sources are distinguished: 
- Information on the quality of the product must be obtained through verification 

activities. These activities should supply information on the quality of the product 
[implemented functional and non-functional requirements], and information on the 
effort needed to further improve the quality of the product. This information 
determines the shape of the development cost function I(t); during the testing phase, 
and also in the development phase, prior to the testing phase.  

- Information on the maintainability of the product is needed to estimate the shape of 
the post-release maintenance function M(t). This information should cover both the 
expected short-term corrective maintenance cost and the expected long-term 
adaptive/perfective maintenance cost. 
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3. Finally, information on the relationship between external market-related and internal 
product-related information is determined by how the quality of the product [related to 
I(t)], and the maintainability of the product [related to M(t)], affect the asset value 
function C(t). In other words, how do changes in product quality and product 
maintainability affect the demand function? 

  

Information

M(t)

I(t)

C(t)

C(t) = f (I(t), M(t))

  1. Market

  2.a Product Quality

  2.b Product Maintainability

  3. Market <-> Product
 

 
Figure 7-8: Main Sources of Information 

 
Ideally, decision-makers would know the exact shapes of these functions and the relationships 
between the different functions. However, as discussed in Section 4.4.1, this is difficult, if not 
impossible. The case studies during the exploration phase reveal that software manufacturers 
face serious problems in estimating the exact shape of the development cost function I(t), 
especially during the testing phase, and efforts to determine the shape of the post-release 
maintenance cost function M(t) prior to a release decision were not found. To improve their 
decision-making process, the objective should be to search for sufficient information on the 
three sources of information, to enable decision-making without ‘too much’ uncertainty. Put 
differently, a decision-maker should look for the point of optimality. Below this point, 
uncertainty is high and might result in a software manufacturer missing a market window, or in 
unexpectedly high post-release maintenance costs. Beyond this point, the extra information 
leads to additional costs that outweigh the benefits [law of diminishing returns]. This point of 
optimality can probably not be determined precisely neither ex ante nor post ante. It is assumed 
the problems in determining this point, as raised by Gigerenzer (Section 7.2), are also valid for 
strategic software release decisions. So, instead of finding the point of optimality, software 
manufacturers will, in a practical setting, be forced to search for a zone of cost effectiveness: a 
bandwidth in which the marginal net asset value is equal or close to zero. 
 
A final remark is reserved for changes to asset value, the development cost, and the 
maintenance cost functions. An increase of the asset value function, and decreases in both cost 
functions will lead to a positive change in the net asset value; increase in cash inflows and 
decrease in cash outflows. Improvement initiatives in the software industry focus primarily on 
decreasing the cost functions I(t) and M(t), with process improvement receiving much attention 
over the last decade (Section 1.3.2). In general, the common objective of these initiatives is to 
improve efficiency and effectiveness, with a decrease in development and maintenance cost, a 
reduction of the time-to-market, an increase in reliability and the maintainability level of the 
product, and an improvement in predictability accuracy. Collection, analysis and use of 
historical data from past projects are also promoted (see also Chapter 9). If successful, such 
improvements allow a software manufacturer to move the point of optimality, or zone of cost 
effectiveness, to the right: valuable information is obtained in less time and probably against 
less cost. This will enable them to make strategic software release decisions with less 
uncertainty. As argued in Section 7.2, a software manufacturer should be enabled to transform a 
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decision with complete uncertainty [point of optimality to the left] to a decision with informed 
uncertainty [point of optimality moving to the right] or, theoretically, even a decision with 
certainty [point of optimality completely to the right]. It is assumed that reducing the total 
uncertainty space will have two positive effects: the number of scenarios to be considered 
might be reduced, and the chance of occurrence of a scenario can possibly be better quantified 
with probability or possibility values. This makes the NPVI-method, as introduced in the 
previous Chapter, a better candidate for evaluating different release alternatives. 
 

7.4 Practices Identified 
 
In Section 5.3.1, the ‘Release Information’ process area is introduced reflecting the perspective 
of optimizing behaviour. This process area is concerned with the collection of information as 
input to the decision-making process. To reach the zone of effectiveness requires a pro-active 
attitude during product development. Up-front measures must be defined, and implemented, to 
have sufficient information available as input to the release decision-making process. In this 
study, the scope of information gathering is limited to information on the software product: 
both its quality and maintainability. Gathering market information and looking for relationships 
between external market-related and internal product-related information, should not be 
ignored, but is not taken into account.  
 
Practices identified for collecting release information related to the software product are: 

1. P-B1: Verification Definition. This practice concerns the identification of measures to 
determine the quality of the product. The exploratory case studies reveal that attention to 
the correct implementation of requirements is often postponed, for example, in the case 
of reliability, or even discarded, for example, in the case of maintainability (Section 
4.4.2). From the case studies, it is concluded that the deployment and evaluation of non-
functional requirements like reliability and maintainability is considered especially 
difficult (Section 4.4.2). The discussion on available theory (Sections 3.3.2 and 3.3.3) 
reveals limitations on the determination of reliability and maintainability. This leads to a 
lowered level of information perfection when the release decision is addressed. An 
improvement would be to explicitly evaluate such important non-functional requirements 
when selecting a design or architecture (see P-A4), when conducting reviews or 
inspections prior to testing. Also identified in the case studies, the use of standards might 
implicitly help to increase reliability and maintainability. Verification activities should be 
identified as early as possible, using a description of the project deliverables as input 
[from ‘Release Definition’ process area], preferably during, or directly after, the project 
launch, following the investment appraisal (see P-A1), as the effort required to 
implement them should be taken into account. If the project objectives change, the 
artefacts identified are subject to change.  
    The correct implementation of this practice is the responsibility of Development, 
assigned to execute the project. Maintenance & Exploitation may be involved to evaluate 
specific activities on maintenance aspects, e.g. reliability [short-term corrective 
maintenance] and maintainability [long-term adaptive/perfective maintenance]. 

2. P-B2: Verification Implementation. The definition of verification activities (see P-B1) 
alone is not sufficient, and the implementation of the defined activities should be 
ensured. As soon as verification activities have been identified (see P-B1), they can be 
scheduled for the most appropriate project phase to implement them. Project control 
should ensure satisfactory progress is made on the implementation status of the identified 
verification activities (see P-A2). This is an output from this process area.  
    The correct implementation of this practice is considered the responsibility of 
Development, being assigned to execute the project. Maintenance & Exploitation may be 
involved to evaluate whether implementations meet their requirements. 
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3. P-B3: Artefact Identification. This practice concerns the identification of measures to 
determine the maintainability of the product. It was found in the exploratory case studies 
(Section 4.4.2), that available documentation and its quality are unsatisfactorily low in 
many cases. This may lead to short-term problems [e.g. when user manuals are 
incomplete or do not exist at all] and/or long-term maintenance problems [e.g. when 
specifications or designs are missing or incomplete]. It is concluded that these artefacts 
should be identified as early as possible, using a description of the project deliverables as 
input, preferably during, or directly after, the project launch following the investment 
appraisal (see P-A1), as it requires effort to implement the artefacts. If the project 
objectives change, the artefacts identified are subject to change.  
     The correct implementation of this practice is the responsibility of Development, 
assigned to execute the project. Marketing may be involved to evaluate specific activities 
with regard to user documentation. Maintenance & Exploitation may be involved to 
evaluate specific activities on maintenance documentation. 

4. P-B4: Artefact Implementation. The identification of artefacts (see P-B3) alone is not 
sufficient; the correct implementation and collection of the defined artefacts should be 
ensured. As soon as the artefacts are identified (see P-B3), the most appropriate project 
phase to implement the artefacts can be scheduled. Project control should ensure 
satisfactory progress is made on the implementation status of the artefacts (see P-A2). 
This is an output from the process area.  
    The correct implementation of this practice is the responsibility of Development, 
assigned to execute the project. Marketing and Maintenance & Exploitation may be 
involved to evaluate whether implementations meet their requirements. 

 
In Figure 7-9, the data-flow diagram for the ‘Release Information’ process area, combined with 
the previously discussed ‘Release Definition’ process area is illustrated.  
 
In Appendix F, a summary of this process area is given, including examples of supporting 
method(s) that can be used for the implementation of each practice. 
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Figure 7-9: Extended Data-flow Diagram with ‘Release Information’ Process Area 
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7.5 Summary and Conclusions 
 
The ‘Release Information’ process area of the framework, as presented in Chapter 5, is 
discussed. The concept of maximizing behaviour is further investigated. Rather than assuming 
decision-makers possess all the relevant information for making choices, as in the previous 
Chapter, information itself is regarded as having a price in time and money. A decision-maker 
is now confronted with an even more complex problem. Apart from determining the demand 
and supply functions, a trade-off between the costs and benefits of searching for information 
should be made. This leads to optimizing behaviour instead of maximizing behaviour, but it 
was concluded that the difference is marginal. The primary objective of a decision-maker 
remains profit maximization, but it was also argued that finding the point of optimality, where 
the marginal value equals zero, is difficult, if not impossible.  
 
The NPVI-method introduced in the previous Chapter is further refined for the formula used for 
calculating the net present value. This refinement enables the determination of different sources 
of information [market-related information, product-related information {product quality and 
product maintainability}] as input into the release decision-making process, and information on 
the relationship between external market-related and internal product-related information. The 
2nd Secondary Research Question: ‘To what extent can an optimal level of information be 
determined as input to the software release decision-making process?’ remains unanswered 
for software release decisions. It is concluded that the problem of infinite regress, and the 
complexity of a practical context, prevents software manufacturers from precisely determining 
this point of optimality. Instead of deciding a point of optimality, software manufacturers are 
likely to be forced to search for a zone of cost effectiveness. 
 
For the ‘Release Information’ process area, reflecting the perspective of optimizing behaviour, 
four practices are derived. The ‘P-B1 practice: Verification Definition’ concerns the definition 
of the activities to verify the quality of the product, namely the correct implementation of the 
stated functional and non-functional product requirements. When these activities are defined, 
the most appropriate project phase to implement them can be scheduled, under the ‘P-B2 
practice: Verification Implementation’. ‘P-B3: Artefact Identification’ concerns the 
determination of the maintainability of the product: the identification of the supporting artefacts 
that need to be developed apart from the product. When these artefacts have been identified, the 
most appropriate project phase to implement them can be scheduled, as part of the ‘P-B4: 
Artefact Implementation’ practice. 
 
In the next Chapter, limitations of optimizing behaviour [and thus maximizing behaviour] are 
discussed, taking into account the limitations of an individual decision-maker and the effects of 
group behaviour. 
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8 RELEASE DECISION 
 

“True genius resides in the capacity for evaluation of uncertain, hazardous, and conflicting 
information.”  

-- Winston Churchill -- 
 

8.1 Introduction 
 
In the previous Chapter, the concept of maximizing behaviour is extended with the notion that 
the search for information has a price and cost, which can be seen as an economic activity itself 
assuming the concepts of neo-classical economics. In general, organizations are faced with 
making trade-offs among alternatives characterized by uncertainties and imperfect information. 
It assumes that decision-makers calculate the likely costs and benefits of any action before 
deciding on action, comparing the options on a single scale of preference, value or utility. After 
making comparisons, people choose to maximize their preferences, values or utilities. It is now 
well established that many of the psychological assumptions underlying rational choice theory 
are unrealistic and that human beings routinely violate the principles of rational choice 
(Tversky 1969; Kahneman and Tversky 1979, 1984; Tversky and Kahneman 1981; Baron 
2000). This is a source of potential conflict in the decision-making process, undermining the 
assumption of average rational self-interest. Intra-individual conflict arises in an individual’s 
mind and can emerge via the influence of others. Group conflict arises from differences 
between the choices made by distinct individuals in the organization, and, although, in this 
case, individual participants are not in conflict, the organization as a whole is.  
 
In Section 8.2, intra-individual and group conflicts are discussed thus introducing the concept 
of satisficing behaviour. In Section 8.3, attention is paid to various aspects of group decision-
making, including the characteristics of co-operative and effective groups [sociological aspects] 
and reduction in the influence of power bases [political aspects]. The concepts discussed are 
then applied to software release decisions in Section 8.4, leading to an answer for the 3rd 
Secondary Research Question: ‘What effects, stemming from individual and group behaviour, 
play a role in the software release decision-making process?’ Based on the clarification of 
aspects of satisficing behaviour, practices for the ‘Release Decision’ process area are derived in 
Section 8.5. This Chapter ends with a summary and conclusions in Section 8.6. 
 

8.2 Intra-individual and Group Conflicts 
 

8.2.1 Intra-individual Conflicts 
 
Janis and Mann (1977) present seven procedural criteria that characterise the individual making 
high quality decisions: 

1. Thoroughly canvasses a wide range of alternative courses of action; 
2. Surveys the full range of objectives to be fulfilled, and the values implicit in the choice; 
3. Carefully weighs whatever is known about the costs, and risks, of negative 

consequences, as well as positive consequences that could flow from each alternative; 
4. Intensively searches for new information relevant to further evaluation of the 

alternatives; 
5. Correctly assimilates and takes into account any new information, or expert judgement, 

even when the information or judgement does not support the course of action initially 
preferred; 
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6. Re-examines the positive and negative consequences of all known alternatives, including 
those originally regarded as unacceptable, before making a final choice; 

7. Makes detailed provisions for implementing or executing the chosen course of action, 
with special attention to contingency plans that might be required if various risks were to 
materialise.  

 
These criteria reinforce the central concept of gathering and processing information about 
options and consequences. Other researchers, such as Jepsen and Dilley (1974), also describe 
decision-making as involving the organization of information obtained, the appraisal of 
alternatives and commitment to a course of action.  
 
Simon (1957, p.198) argues however that the capacity of the human mind to formulate and 
solve complex problems is small compared with the size of the problems whose solution is 
required for objective rational behaviour. He introduces the theory of bounded rationality 
asserting that cognitive limitations force decision-makers to construct simplified models to deal 
with the real world: 

Because of the limits of human intellective capacities in comparison with the 
complexities of the problems that individuals and organizations face, rational 
behaviour calls for simplified models that capture the main features of a problem 
without capturing all its complexities.       
                     (Simon 1958)  

 
Slovic et al. (1976, p.169) adds that people systematically violate the principles of rational 
decision-making when judging probabilities, making predictions or otherwise attempting to 
cope with probabilistic tasks. These violations can be traced to the strategies or heuristics used 
to reduce mental effort, which may be valid procedures in some situations, but will also lead to 
biases that affect decision-making.  
 
Simon (1955, 1956, 1957) suggests an approach to explaining choice that is more cognizant of 
human cognitive limitations than rational choice theory. Simon argues that the presumed goal 
of maximization [or optimization] is virtually always unrealisable in real life, owing to both the 
complexity of the human environment and the limitations of human information processing.  
 
It is difficult, if not impossible, for decision-makers to escape the diverse psychological forces 
that influence their individual behaviour. These forces lead to cognitive limitations. Examples 
are:  

 Cognitive Syndromes (Steinbruner 1974). A decision-maker is faced with bounded 
rationality, because he thinks in certain patterns. Distinction can, for example, be made 
between grooved thinking [routine], uncommitted thinking [caused by inconsistent 
information that different alternatives remain acceptable] and theoretical thinking 
[preference for a specific choice, as a result of conviction and ideology, rather than 
rationality]. 

 Subjective Utility (Lee 1971; Meyer and Hutchinson 2000). The so-called subjective 
utility of a gain depends on at least two variables; value of the gain and the delay before it 
is received. There is often a strong negative correlation between delay and subjective 
utility (Lee 1971). As a consequence, a decision-maker is more strongly influenced by 
the short-term [current] advantages and disadvantages rather than the long-term [future] 
ones (Meyer and Hutchinson 2000). Side effects and long-term effects may not even be 
anticipated (Dörner 1996), and focus might only be on tackling immediate problems, and 
short-term goals, as they appear (Lindblom 1964). 

 Incrementalism. Braybrooke and Lindblom (1970) describe the strategy of disjointed 
incrementalism and address eight issues undermining the thought that judgment of a 
situation is absolute. Instead they claim that a decision-maker judges a situation in a 
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relative way, often taking into account the additional cost and benefits of the current 
situation, and not the total cost and benefits. This leads to two important consequences 
(Huizenga 1994, p.121): 
- The valuation of an alternative depends on the current situation. The same alternative 

might be judged more attractive if the current situation is unfavourable. This is the 
core of the theory of framing and heuristics (Tversky and Kahneman 1981; 
Kahneman et al. 1982). 

- The fact that only additional cost and benefits are taken into account might lead to 
entrapment (Hill et al. 1979). A situation may be created in which, for example, the 
total cost exceed acceptable limits. 

 Personal Value System. The values of decision-makers do not have the ideal properties, 
such as absolute, relevant, stable, consistent, precise and exogenous (March 1978). 
England (1967) describes a personal value system as ‘a relatively permanent perceptual 
framework, which shapes and influences the general nature of an individual’s 
behaviour’. Value systems have the following general qualities (England 1967, p.54), 
they affect: 
- the perception of situations, problems and probability,  
- the entire process of choice, 
- personal relationships, 
- the perception of individual and organizational achievement and success, 
- the acceptance of or resistance to organization pressures and goals, and 
- set the limits for ethical behaviour. 

 Distortions under Stress. High levels of perceived stress characterize many high-stake 
decisions. If the stress level is not too high, it focuses decision-makers on a selective set 
of cues when evaluating options (Ben Zur and Breznitz 1981; Kahn and Baron 1995), 
however, where comprehensive processing is necessary, stress can hamper decisions 
(Levi and Tetlock 1980).  

 Problemistic Search. Cyert and March (1963) argue that three assumptions underlie the 
search for information: search is motivated [stimulated by the problem, and depressed by 
the problem solution], search is simple-minded [organizations look for the simplest 
solution first], and search is biased [the view of the environment and possible solutions 
reflect the objectives and training of the people involved] (Greve 2003). 

 Intransitivity of Preferences. Transitive preferences imply that if A is preferred to B, and 
B is preferred to C, then A is preferred to C. When the result of a preference function 
depends on more than one variable, intransitivity may occur (Tversky 1969), leading to 
‘irrational’ or, at least, unexpected behaviour by a decision-maker. 

 
Simon (1982) argues that such limited cognitive capabilities in decision-makers lead to 
simplification. A decision-maker simplifies reality, leaves out information and applies 
heuristics as a consequence of limited cognitive capabilities. Reasons are, for example, that the 
decision-maker has limited, unreliable or even too much information, available, or that the 
search for acceptable alternatives is felt to be too time, and cost, consuming.76 He suggests that 
in choice situations, people actually have the goal of satisficing, rather than maximizing, or 
optimizing, and a decision-maker applies heuristic rules of search in a heuristic frame. The 
heuristic [or cognitive] frame referring to the representation of the problem and solution space, 
whereas the heuristic rules of search are the algorithms used to find solutions in this solution 
space (Simon 1969). Following this approach, an alternative is satisfactory if a set of criteria 
exists that minimally describes satisfactory alternatives, and the alternative in question meets, 

                                                           
76 This problem of computation is classically illustrated by the travelling salesman problem in which the objective is to 
minimize the travel costs of a salesperson having to visit 50 cities. The 50! calculation is computable but not within a 
reasonable time horizon. 
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or exceeds, all these criteria (March and Simon 1958). A general corresponding strategy (Pettit 
1984, p.166)77 is: 

1. Set an aspiration level such that any option that reaches, or surpasses it, is ‘good enough’. 
The aspiration level is the smallest outcome deemed satisfactory (Schneider 1992). 

2. Begin to enumerate and evaluate the options on offer. 
3. Choose the first option which, given the aspiration level, is ‘good enough’. 

 
Krosnick et al. (1996) describe two different forms of satisficing behaviour. Strong satisificing 
omits the retrieval and judgment steps; weak satisificing means all steps in the adopted strategy 
are executed. 
 
How can this approach be integrated into the model (Section 7.2) describing optimizing 
behaviour? An example is given in Figure 8-1, incorporating satisficing behaviour at individual 
level [aspiration level]. The aspiration level is a horizontal line and reflects the boundary at, or 
above, which the decision-maker is satisfied. The aspiration level is given by the line V = V*´, 
which denotes that a decision-maker will choose the first option reaching, or surpassing, V*´ for 
the value function V(i). In the example of Figure 8-1, the resulting point of optimality (I*´, Y*´) 
does not coincide with the point of optimality (I*, Y*) and lies to the left. This is not necessarily 
the case in general. Satisficing behaviour might also lead to setting an aspiration level where the 
resulting level of information exceeds I*. In this case, unnecessary costs are incurred, as the 
resulting cost value exceeds C*. 
  
The aspiration level can also consist of a lower and upper boundary. A decision-maker will 
accept the first option for which:   

Vlow   ≤ V(i)   ≤ Vhigh    
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Figure 8-1: Adjusted Model  

 
An aspiration level is not necessarily restricted to the value function V(i). A decision-maker 
might, for example, set an aspiration level for the information perfection itself, in which case 
the aspiration level would be a vertical line in Figure 8-1. There may also be aspiration levels 
for cost and/or time: an upper boundary constraint Chigh for the cost function C(i) and/or an 
                                                           
77 Note the strong resemblance to the ‘good enough’ quality paradigm, discussed in Section 3.3.2, which is confirmed in the 
exploratory case studies (Section 4.4.3). 
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upper boundary constraint Thigh for the time function T(i).78 It is obvious that a solution is only 
possible if the information level at Vlow is less than, or equal to, the information level at Chigh 
and Thigh: 79,80 

  V-1(Vlow) < C-1(Chigh) and: V-1(Vlow) < T-1(Thigh)  
 
It is concluded here that the notion of optimizing behaviour [imperfect information] as 
discussed in the previous Chapter, must be extended with the notion of satisficing behaviour. A 
decision-maker simplifies reality, leaves out information and applies heuristics as a 
consequence of limited cognitive capabilities. Both optimizing behaviour and satisficing 
behaviour are important sources that contribute to uncertainty in decision-making. In the next 
Section, how different choices, made by distinct individuals in the organization, potentially 
giving rise to group conflict is discussed.  
 

8.2.2 Group Conflicts 
 
Studies have shown that the collective behaviour of a group is a direct consequence of 
individual decision procedures with the addition of a process for resolving conflict (Clarkson 
and Tuggle 1966). Harrison (1987, pp.259-260) names important determinants of conflict:  

 Inter-dependence between Individuals or Units. Normally, the higher the level of inter-
dependence the greater the opportunity for conflict over decisions (Pondy 1966). 

 Performance Criteria and Rewards. The more evaluations, and rewards, by higher 
management emphasize the separate performance of each department, rather than their 
combined performance, the more conflict (Walton and Dutton 1969). 

 Communication Problems. May result from semantic difficulties, misunderstandings and 
‘noise’ in the channels of communication. 

 Role Dissatisfaction. Frustrating task conditions such as work overload, under-utilisation 
of skills, and scarcity of resources greatly contribute to role dissatisfaction.  

 Personality Attributes. Research finds that certain attributes, such as high 
authoritarianism, high dogmatism and low self-esteem, increase conflict behaviour. 
Differing personal value systems and perceptual differences fall in the same category. 

 Divergence in Goals or Objectives. Pondy (1966) states that the major determinant of 
perceived inter-personal conflict is differentiation in the participant’s goals for the 
organization. 

 
As stakeholders may apply different heuristics (Section 8.2.1) and one, or more, determinants 
of conflict may be present, different stakeholders may arrive at different aspiration levels 
during the decision-making process. This is illustrated in Figure 8-2, incorporating satisficing 
behaviour at group level, and showing the different aspiration levels for three different 
stakeholders Sa, Sb, and Sc. In the ideal situation, all aspiration levels would be equal and be 
within the zone of cost effectiveness [or even intersect with the point of optimality]. However, 
in a practical context, with high uncertainty, this is not a likely situation. 
 
 

                                                           
78 Theoretically a lower boundary for these functions may exist. However it is assumed that, in practice, these lower 
boundaries are equal to 0. 
79 V-1(V) , C-1(C) and T-1(T) are the inverse functions of V(I), C(I) and T(I) respectively. 
80 There may even be an aspiration level for the level of information. 
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Figure 8-2: Adjusted Model 

 
Stokman (2004) explains potential differences in aspiration levels during collective decision-
making in the following way. He makes a distinction between ultimate goals and instrumental 
goals. Instrumental goals are considered a means through which ultimate goals can be realized. 
Utility functions for ultimate goals are usually strictly convex [monotonously increasing or 
decreasing]. Controversial decisions usually concern instrumental goals and have an optimum: 
too much, or too little, is bad. An example is given in Figure 8-3. The ultimate goals here are 
economic growth and environmental pollution reduction. The instrumental goal is the size of an 
‘ecotax’. Too little harms the ultimate goal of environmental pollution reduction, too much 
would harm the ultimate goal of economic growth. The optimum for the instrumental goal 
depends on the weighting of all ultimate goals. In collective decision-making, different 
stakeholders are likely to assign different weights due to different heuristics, and the presence 
of one, or more, determinants of conflict, leads to different aspiration levels for the decision 
outcome.81 
  
The 3rd Secondary Research Question to be answered is: ‘What effects, stemming from 
individual and group behaviour, play a role in the software release decision-making process?’ 
The sources for intra-individual conflicts and group conflicts are discussed. Intra-individual 
conflicts arise from the concept of bounded rationality due to imperfect information and 
cognitive limitations. This leads to satisficing behaviour. Collective behaviour of a group is a 
direct consequence of individual decision procedures with an additional process for resolving 
conflict. Several sources of conflict are discussed, with two considered important for software 
release decisions: the inter-dependence between individuals, or units, and the divergence of 
objectives. Both the bounded rationality principle and the presence of these sources of conflict 
are likely to lead to different aspiration levels among stakeholders, prior to the decision-making 
process. 
 

                                                           
81 The individual aspiration levels of the different stakeholders are considered here, not the aggregated aspiration level value 
of the group or organization. For the aspiration levels of organizations, much literature can be found on how these levels 
adjust over time (e.g., Lant 1992; Greve 2002), and how they are formed in the social context (e.g., Levinthal and March 
1981; Greve 1998). 
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Figure 8-3: Utility Functions ~ Instrumental and Ultimate Goals  
            (Stokman 2004) 

 
Having identified that different stakeholders are likely to have different aspiration levels, in the 
presence of uncertainty and one or more sources of conflict, it is of interest to consider 
collective decision-making, and in the next Section, how different stakeholders arrive at a 
decision is explored.  
 

8.3 Collective Decision-making 
 
With the understanding that different stakeholders are likely to have different aspiration levels 
when arriving at a collective decision-making process, there is a need to explore two areas of 
interest: 

 Sociological Aspects: which group decision-making strategies and decision-making 
group types can be noted: what are the characteristics of effective groups, and which 
decision rules can be distinguished? 

 Political Aspects: which sources, or bases, of power might be present in the decision-
making process and which processes/strategies can be distinguished in arriving at a 
collective decision?  

  

8.3.1 Sociological Aspects 
 
In this Section four issues related to sociology addressing co-operative group behaviour are 
discussed: group decision-making strategy, decision-making group type, characteristics of 
effective groups and decision rules. 
 
Delbecq (1967) identifies five different dimensions of group behaviour:  

 group structure [the organization of individual members],  
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 group role [behaviour required of participants, to facilitate the decision-making process],  
 group process [manner of attaining the group objective],  
 group style [social-emotional tone of inter-personal relationships among the members], 

and  
 group norms [standards of conduct among members].  
 

Delbecq (1967) relates these dimensions to three different strategies for decision-making, with 
the objective of the group as the independent variable: 

1. Routine: emphasizes specialization, coordination and individual expertise, with a strong 
commitment to professionalism. 

2. Creative: based on participative problem-solving techniques in a non-authoritarian, 
unstructured environment. 

3. Negotiated: stresses the formalized and disciplined representation of various 
constituencies, in a context of established rules and procedures for arriving at a choice. 

 
These strategies leave open the question of which group techniques are used to arrive at a group 
decision. Ven and Delbecq (1972) compared two group techniques:82 

a. Interacting Group Technique. Characterized by group discussion and pooled judgments. 
Interacting group meetings start with a statement of the problem by the group leader. This 
is followed by an unstructured group discussion to generate information and pool 
judgments among the participants. The meeting usually concludes with a majority vote 
on priorities, or a consensual decision (Harrison 1987, p.237). 

b. Nominal Group Technique. A method for structuring a group meeting, the purposes of 
which are to obtain a large number of ideas from the group, and order and prioritize these 
ideas. When using this procedure, participants assemble in groups, but are told not to 
speak to each other. Each person is then asked to write down what they view as the 
advantages and disadvantages of the proposition under consideration. Following the 
individual listing of the advantages and disadvantages, the group compiles two master 
lists, one of advantages and one of disadvantages, without allowing any duplicity of 
items. The individuals then rank the advantages and the disadvantages separately on 
paper without consulting any other member of the group. The group decision is a pooled 
outcome of individual votes. 

 
In the case of an interacting group technique, information sharing and discussions are important 
issues. Allowing the inter-action between participants to arrive at a collective decision, it is 
important to consider the criteria for effective groups. McGregor (1960) distinguishes twelve 
characteristics of effective groups:83 

1. Group atmosphere is informal, comfortable, relaxed and can be described as a working 
atmosphere of participants who are both involved and interested. 

2. The discussions are task relevant and include all participants. 
3. The task or objective of the group is well understood. It has been arrived at through 

discussion and all participants are committed. 
4. Participants listen to each other and ideas are freely expressed. 

                                                           
82 Not considered relevant here is the Delphi technique, characterized by getting a final opinion from a group through 
sequential surveys where the participants do not meet each other (Brown et al. 1969). The Delphi technique consists of group 
communication among a panel of geographically dispersed participants, who do not to meet face to face for collective 
decision-making. The technique allows experts to deal systematically with a complex problem or task. It comprises a series of 
questionnaires sent to a pre-selected group of experts. These questionnaires are designed to elicit and develop individual 
responses to the problems posed, and to enable the experts to refine their views as the group’s work progresses in accordance 
with the assigned task. The main aim of the Delphi technique is to overcome the disadvantages of conventional committee 
action, and is characterized by anonymity, controlled feedback, and statistical response.  
83 This closely matches the seven characteristics of effective groups for managerial decision-making, adopted by Harrison 
(1987, pp.228-229). 
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5. Disagreement is expressed, not suppressed or overridden by premature group action. 
Those who disagree do so genuinely and expect to be heard. 

6. Decisions are reached by consensus, but the group does not allow apparent consensus to 
mask real disagreement. Formal voting is minimized, as it tends to be divisive. 

7. Constructive criticism occurs and is not of a personal kind. 
8. Participants are free to express their personal feelings as well as their ideas. 
9. When action is taken, clear assignments are made and accepted. 
10. The chairperson does not dominate discussion, rather leadership shifts depending upon 

the issue under discussion. 
11. The group is self-conscious about its own operations. Whether the problem is procedural 

or inter-personal, the group will try to resolve the problem before proceeding. 
12. Power struggles as such do not occur in the group, as the issue is not who controls but 

how the job gets done. 
 

Decision Rule Description When to Use 

Majority Vote 
The number of votes made for 

two or more options are 
counted. The option that has 

the highest number ‘wins’. 

The decision is trivial, the stakes are low, 
options are clear, or the division in the 
group is acceptable to all stakeholders. 

Delegation One person is appointed to 
make the decision. 

Decision must be made quickly, the 
delegate has authority for the results of 
the decision, the delegate has or can 

obtain expertise on the decision topic, or 
the decision has little importance. 

Negotiation 

Compromises to a middle 
position incorporating the most 

important positions of the 
sides. All sides must retract 

some of their desired choices. 

The group is so polarized that no other 
alternative is possible. 

Spontaneous 
Agreement 

Stakeholders quickly and 
extemporaneously arrive at a 
decision without considering 

the decision factors. 

Decision has minimal consequences and 
needs to be made quickly. Discussion 

and sharing of preferences aren’t 
important to the quality of the decision. 

Arbitrary 
Decision is made by some 
arbitrary means [such as 

flipping a coin]. 

The decision is unimportant, has no long-
term consequences for stakeholders and 

must be made quickly. 

Decision leader 
decides without 

discussion 

The leader makes a decision 
without consulting any other 

stakeholders. 

The decision must be made in a crisis, or 
the decision is not a high-stakes one, and 

it is made by a competent, 
knowledgeable leader who is trusted by 

the people affected by the decision. 

Decision leader 
decides after 
discussion 

The leader makes a decision 
after consulting stakeholders 

in the decision. 

The decision leader has the knowledge 
and expertise on the decision topic, 

wants to make the decision 
collaboratively and needs to balance 

quality with speed. 

Consensus 

A state of mutual agreement 
among stakeholders is 

reached; legitimate concerns 
of individuals have been 

addressed to the satisfaction 
of the group. 

The decision is important and requires 
the commitment of all the stakeholders. 

 
Figure 8-4: Decision Rules  
         (Saint and Lawson 1994) 
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A given characteristic may not weigh equally in the balance for a particular decision, but in 
most effective group decisions each characteristic will exert some degree of influence on the 
group’s output. The sixth criteria distinguished by McGregor reveals consensus as the 
appropriate decision rule. In Figure 8-4, examples of different decision rules are listed, 
including consensus (Saint and Lawson 1994). 
 
A group has reached consensus when everyone can, and will, support the decision. This does 
not mean everybody agrees on the best choice, but the stakeholders involved have found a 
choice they can all support. The process to reach consensus may be slow, but when the group 
finally reaches consensus, it has developed a solution that will have the support it needs to be 
implemented. Others confirm consensus as the appropriate decision rule (Maier 1970; Ouchi 
1981; Moscovici and Doise 1994). Ouchi (1981) considers that a leadership style focusing on 
consensus decision-making, can lead to dramatically higher productivity. Moscovici and Doise 
(1994) note that, while some conflict may be constructive, co-operative groups will, on 
average, make better decisions, than groups with extensive inter-personal conflicts. Group 
members may react to an ‘acceptable level’ of inter-personal conflict by lowering their personal 
objectives and shifting toward consensus. There is however also a risk involved. Problem-
solving groups have a strong tendency to converge on a single solution (Steiner 1982). Once a 
position appears to have gained the support of a majority, no matter how slight the majority is, 
other positions are unlikely to be adopted even if they are demonstrably better. Janis (1972, 
1982) and others have long warned against the danger of this overzealous concurrence seeking, 
where conformity pressures, and ensuing self-censorship, can lead to premature consensus in 
group decisions. Premature consensus occurs when consensus develops for a position before all 
viable alternative positions have been thoroughly evaluated.  
 

8.3.2 Political Aspects 
 
Differences in aspiration among stakeholders involved, implies that one, or more, stakeholders 
must change his initial position in order to reach consensus. Stakeholders exert influence on 
each other, and in this Section, this is discussed from two perspectives: the presence of different 
sources of power in the decision-making process and the theory of Stokman et al. (2000) 
describing processes through which stakeholders change their position. 
 
Individuals or groups have power if the consequences of their actions can be observed in the 
behaviour of other people. Power can be formulated as the ability to exert influence; that is, the 
ability to change attitudes or behaviour of individuals or groups, whereas the employment of 
power is referred to as politics. French and Raven (1959) identify five sources, or bases, of 
power, which are:84 

 Reward Power. Based on one person [the influencer] having the ability to reward another 
person [the influencee] for carrying out orders or meeting other requirements. One 
example is the power of a supervisor. It reflects the ability to confer positive rewards of a 
monetary, or psychological, nature, as perceived by the influencee. The strength of this 
power varies with the expectation of the potential influencee that a particular kind of 
behaviour will result in attainment of the reward. It assumes that the reward is of some 
significance to the potential influencee. 

 Coercive Power. Based on the influencer’s ability to punish the influencee for not 
carrying out orders or meeting requirements. It is based on fear of undesirable 
consequences if a particular form of behaviour is not forthcoming. The strength of this 
power varies with the expectation that punishment will follow as a result of non-
conformance. It is the opposite of reward power. 

                                                           
84 Mulder (1979) discerns four bases of power, combining reward and coercive power as sanction power. 
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 Legitimate Power. This type of power exists when an influencee acknowledges that the 
influencer has a right, or is lawfully entitled, to exert influence and derives, for example, 
from a position in the organizational hierarchy. Its strength varies with the legitimacy 
imputed to those who claim such power by those whose behaviour will be modified by its 
acceptance. 

 Expert Power. Based on the perception, or belief, that the influencer has some relevant 
expertise or special knowledge. The demand for expertise confers on its possessor power 
that usually results in the acceptance of advice, or opinions, and compliant behaviour. 
The strength of expert power varies with others’ perceptions of the extent of knowledge 
or skill possessed by the expert. 

 Referent Power. May be held by an individual or a group, based on the influencee’s 
desire to identify, or imitate, the influencer. It derives from identification with a particular 
individual or group possessing a high level of attractiveness for the identifier. The 
strength of this power varies with the degree of attractiveness, which, in turn, elicits a 
desire to associate with the individual or group. A desire not to associate because of 
unattractiveness results in negative referent power. 

 
Stokman et al. (2000) describe three elements that determine the outcome of a decision: the 
positions of the stakeholders, the salience for the stakeholders [the degree to which they are 
interested in each issue] and the capabilities of the stakeholders. The process of decision-
making is described as the efforts of stakeholders to realise an outcome of the decision as close 
as possible to their own position. Stokman et al. (2000) distinguish three main processes and 
strategies whereby a stakeholder changes his position: 

 Management of Meaning: the stakeholder receives convincing information implying that 
another position reflects his incentive structure better. Important aspects here are: 
- New information is generally more acceptable in earlier stages of the decision-making 

than in later ones; 
- A substantial amount of trust in the provider of the information increases the 

likelihood that information is accepted as relevant and reliable. 
 Exchange: a stakeholder is prepared to take another position on an issue in exchange for a 

reciprocal move by another stakeholder on another issue. Three elements are of 
importance here: 
- The selection of the issues one wants to include in the exchange process. 
- The change one incorporates into one’s own positions. 
- One’s prioritisation of the issues. 

 Challenge: other stakeholders challenge the position of a stakeholder who feels more or 
less forced to change position. This is influenced by: 
- One’s own position at the beginning of the decision-making process. 
- The leverage one shows to others. 
- Explicit evaluation of the likelihood of success. 

 
In the next Section, the sociological and political aspects, as discussed in Sections 8.3.1 and 
8.3.2, are applied to strategic software release decisions.  
 

8.4 Applicability to Strategic Software Release Decisions 
 
As discussed in Section 8.2, different stakeholders will potentially have different aspiration 
levels as a result of imperfect information, different perceptions of the real world and the 
potential existence of sources of conflict. For software release decisions, this is also illustrated 
using the theory of Stokman (2004) as explained in Section 8.2.2.  
 
The instrumental goal of a software manufacturer during product development is to release a 
product to the market. Ultimate goals may be to capture a high market share by releasing the 
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product as early as possible [first-mover advantage], or to satisfy customers by delivering a 
high-quality product [customer satisfaction], turning the software release decision into a 
dilemma. Too late means market share will be lost, too early means dissatisfied customers due 
to a lower quality product, as in Figure 8-5. It is likely different stakeholders will assign 
different weights to the ultimate goals, due to the inter-dependence between stakeholders 
involved [Section 8.2.2: representatives from different departments]. In a practical setting, there 
may, further, even be more than two goals, while different stakeholders will not necessarily 
have identical goals [Section 8.2.2: divergence in goals or objectives]. 
 

position instrumental goal
(release date)

ultimate goal
(market share)

ultimate goal
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Figure 8-5: Example of Utility Functions of Instrumental and Ultimate Goals 
       (based on Stokman 2004) 

 
Differences in aspiration, among stakeholders involved, imply one or more stakeholders must 
change an initial position to reach consensus. In Sections 8.4.1 and 8.4.2 the sociological and 
political aspects of collective decision-making are discussed, and in the next Sections, these 
sociological and political aspects are applied to strategic software release decisions. 
 

8.4.1 Sociological Aspects 
 
Interpretations of the sociological aspects discussed follow: 

 Decision-making Strategy. For decisions with the presence of strategic value, either a 
creative decision-making strategy or a negotiated decision-making strategy applies, as 
these strategies apply to non-routine decisions. The negotiated decision-making strategy 
is best applicable to strategic software release decisions. Stakeholders will normally 
represent different organizational authorities [constituencies] and behave accordingly 
[group structure and role]. Stakeholders will have the desire to reach agreement, have a 
constructive view of conflict and accept the fact that they have to find a compromise 
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[group norms]. Stakeholders must be aware of the fact that applying simple, experiential 
heuristic routines may not work in the context considered.85 

 Decision-making Group Type. For decisions with the presence of strategic value the 
interacting group technique is relevant, as these decisions will normally be characterized 
by high uncertainty.  

 Characteristics of Effective Groups. For a negotiated decision strategy with an interacting 
group technique, information sharing and discussions are important issues. The 
characteristics of effective groups, as described by McGregor (1960), are considered to 
be relevant.  

 Decision Rule. The most appropriate decision rule is assumed to be consensus, as it 
applies to a negotiated decision-making strategy, and is an important characteristic of 
effective groups. Consensus is important when the decision has strategic value and when 
the commitment of all stakeholders is required. As discussed in Section 8.3.1, this should 
not lead to situations where the drive to reach consensus at any cost outweighs the desire 
to adequately assess alternative courses of action, and thus interferes with effective 
decision-making.86 

 

8.4.2 Political Aspects 
 
In Section 8.3.2, the presence of different sources of power in the decision-making process, and 
the theory of Stokman et al. (2000) describing processes through which a stakeholder changes 
his position are described. The objective of the processes/strategies in the theory of Stokman et 
al. (2000) is: how can the positions of other stakeholders be moved towards one’s own 
position? As such, they can be regarded as processes and strategies that exercise power over 
other stakeholders. The relationship, between the five bases of power (French and Raven 1959) 
and these processes/strategies (Stokman et al. 2000), is illustrated in Figure 8-6.  
 

Bases of Power Group Processes/strategies 
Reward Power Exchange 
Coercive Power Challenge 

Legitimate Power Challenge 
Expert Power Management of Meaning 

Referent Power - 
 

Figure 8-6: Relationship between Bases of Power and Group Processes/Strategies  
 
Referent power cannot be assigned to any of the group processes/strategies, and is assumed to 
be of lesser importance when a negotiated decision-making strategy is chosen, where each 
stakeholder sees themselves as a constituency [representative of a particular organizational 
authority]. For a creative decision-making strategy, the effects of referent power may however 
be significant as a result of a less formal group process and style. 
 
The requirement for a high quality decision-making process is the low presence of ‘exchange’ 
and ‘challenge’ processes and strategies. This follows from the characteristics of the decision-
making process, namely: negotiated decision-making strategy, interacting group type, effective 
groups and consensus as the decision rule. If ‘exchange’ and ‘challenge’ processes/strategies 
have a dominant presence, these sociological characteristics are unlikely to be met. Instead a 
high presence of ‘management of meaning’ processes/strategies contributes to an ideal 
negotiation process – full and transparent disclosure of available information on the part of all 
                                                           
85 Cohen and Bacdayan (1994) illustrate through experiments that the use of heuristics in different contexts may be 
inappropriate, using a simple gard game. 
86 Also called groupthink (Janis 1982). 
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stakeholders (Habermas 1984). In this case, possible differences in positions, or aspiration 
levels, are reduced through the acceptance of convincing information.  
 

8.4.3 Quality of Decision Outcome 
 
In previous Sections, attention is paid to various aspects of collective decision-making: 

 Intra-individual and group conflicts. The sources for these conflicts are uncertainty and 
the presence of sources of group conflict. They determine the differences in aspiration 
levels of stakeholders involved prior to the decision-making process, and can be regarded 
as inputs to the collective decision-making process. 

 Sociological and political aspects. Several sociological issues are discussed and choices 
made for the collective decision-making process itself: a negotiated decision strategy, 
interacting group type, characteristics of effective groups and consensus as the decision 
rule. For the political aspects power bases are mapped for group processes/strategies. A 
high presence of ‘management of meaning’, opposed to a low presence of ‘exchange’ 
processes/strategies is favourable. 

 
Reducing the presence of intra-individual and group conflicts leads to lower differences in 
aspiration levels. This is supportive in implementing choices made on sociological aspects, and 
obtaining a high presence of ‘management of meaning’ opposed to a low presence of 
‘challenge’ processes/strategies. The quality of decision inputs influences the quality of the 
decision-making process, and their sum determines the quality of the decision outcome, as 
illustrated in Figure 8-7, showing a collective decision-making model. 
 

Satisficing decision behaviour
- adopt alternative that is
  acceptable to all stakeholders
- ensure that decision is
  understood by stakeholders
- involve stakeholders
  responsible for implementation

Uncertainty
- imperfect information
- cognitive limitations

Group conflict
- diverse goals
- diverse heuristic values

Sociological aspects
- negotiated decision strategy
- interacting group type
- criteria for effective groups
- consensus as decision rule

Political aspects
- management of meaning: high
- challenge: low

quality of decision
inputs

quality of decision-
making process

quality of decision
outcome

+ =

 
 

Figure 8-7: Collective Decision-making Model 87 
 
A valid question is how the quality of decision inputs can be increased. It is assumed the 
availability of a commonly-shared, and accepted, product development strategy [ultimate 
goals], which is kept up-to-date during product development, will contribute greatly to 
increasing the quality of the decision inputs (Section 6.5; practices P-A1 and P-A2). This helps 
reduce uncertainty by making the information needed in the decision-making process more 
explicit, thus enabling decision-makers to aim for information perfection within the zone of 
cost effectiveness. It also reduces the presence of sources of conflict among stakeholders, as 

                                                           
87 Note that this model has a strong resemblance to the Carnegie model of decision-making (Daft 1986). This model is based 
on the work of Cyert, March and Simon (March and Simon 1958; Cyert and March 1963). 
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they will have common objectives. Remaining differences in positions, or aspiration levels, 
during the decision-making process can be further reduced through the exchange, and 
acceptance, of convincing information.  
 

8.5 Practices Identified  
 
In Chapter 5, the ‘Release Decision’ process area is introduced reflecting the perspective of 
satisficing behaviour. This process area is concerned with the decision-making process itself. 
Implementing the perspective of satisficing behaviour in a practical context, thus recognizing 
that stakeholders involved in decision-making will possibly have different preferences for the 
decision outcome, leads to the identification of four underlying practices: 

1. P-C1: Information Perfection. By reaching the zone of cost effectiveness the 
information perfection is sufficient to formulate release alternatives within reasonable 
cost and time constraints. The available information as input to the decision-making 
process consists of the release criteria [input from ‘Release Definition’ process area], 
following the product development strategy, and the implementation status [input from 
‘Release Information’ process area], describing the results of verification activities for 
product quality and the implementation of identified artefacts for product maintainability. 
As discussed in Section 8.4.2, sufficient information is likely to increase the presence of 
‘management of meaning’ processes/strategies. Reaching the zone of cost effectiveness 
minimizes the possibility of overlooking data, whereas proceeding with the search leads 
to diminishing returns.  
    The correct implementation of this practice is the responsibility of the Project Steering 
Committee at tactical level, which has to ensure information perfection is within the zone 
of cost effectiveness to enable decision-making. 

2. P-C2: Aspiration Levels. In Section 8.3.2, it is noted that the process of decision-making 
could be described as the efforts of the stakeholders to realise a decision outcome as close 
as possible to their own position. Managing aspiration levels is not necessarily restricted 
to the latest project phase prior to the release decision. In fact, it is crucial to identify 
possible controversial issues as early as possible, preferably during the project proposal 
phase. This will support the reduction of potential differences, in aspiration levels or 
initial positions, prior to the software release decision.   
    The correct implementation of this practice is the responsibility of all stakeholders 
involved. 

3. P-C3: Stakeholder Involvement. The influence of all stakeholders, and understanding of 
the decision by those required to carry it out, are important factors for decision success. It 
is concluded that the organizational authority responsible for post-release activities 
should be especially involved in the release decision-making process as an involved 
stakeholder, as further discussed in Chapter 9. This reduces, or even eliminates, potential 
sources of conflict arising, for example, from the inter-dependence between individuals, 
or units, and the divergence of objectives, as discussed in Section 8.2.2. Involving 
stakeholders is not restricted to the latest project phase prior to the release decision. In 
fact, it is crucial to create a common understanding between all stakeholders as early as 
possible, preferably during the project proposal phase.  
    The correct implementation of this practice is the responsibility of all stakeholders 
involved.  

4. P-C4: Decision Choice. The release decision requires the commitment of all stakeholders 
and, as concluded in Section 8.4.2, the negotiated decision-making strategy, with 
consensus as the decision rule, is most appropriate for software release decisions. 
Consensus is an important characteristic of effective groups, and consensus is important 
when the decision has strategic value and the commitment of all stakeholders is required. 
Striving for consensus is not necessarily restricted to the latest project phase prior to the 
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release decision. In fact, it is crucial to create a common understanding as early as 
possible, preferably during the project proposal phase. When the decision to release has 
been made, the product to be released, being the output of this process area, is made 
available to its intended customers/end-users. The product is placed into operational use. 
If however the reported product status [detected faults and failures] exceeds a certain 
threshold, the release decision may be reversed and the released product withdrawn from 
operational use. This means this process area stays active after the release decision, for a 
pre-determined interval to monitor the direct consequences of the decision.  
    The correct implementation of this practice is the responsibility of all stakeholders 
involved. 

 
In Figure 8-8, the data-flow diagram of the ‘Release Decision’ process area, combined with the 
‘Release Definition’ and ‘Release Information’ process areas is illustrated. In Appendix F, a 
summary of this process area is given, including examples of supporting method(s) for the 
implementation of each practice. 
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Figure 8-8: Extended Data-flow Diagram with ‘Release Decision’ Process Area 
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8.6 Summary and Conclusions 
 
The ‘Release Decision’ process area of the framework presented in Chapter 5 is addressed in 
this Chapter, 
 
On the behavioural aspects of software release decisions the following conclusions are drawn. 
The 3rd Secondary Research Question answered here is: ‘What effects, stemming from 
individual and group behaviour, play a role in the software release decision-making 
process?’ Intra-individual conflicts arise from the concept of the presence of uncertainty 
[imperfect information, cognitive limitations] and lead to satisficing behaviour. Several sources 
of conflict relevant for group decision-making are discussed, with two important to software 
release decisions: the inter-dependence between individuals or units and the divergence of 
objectives. The presence of uncertainty and sources of group conflicts determine the quality of 
the inputs to the collective decision-making process. For the decision-making process itself, 
both sociological and political aspects are discussed. The negotiated decision-making strategy 
seems to be best applicable to strategic software release decisions, and a release decision 
matches well with the interacting group type. The characteristics of effective groups as 
described by McGregor (1960) are considered relevant.  
 
The most appropriate decision rule is seen to be consensus, as it applies to a negotiated 
decision-making strategy, and is an important characteristic of effective groups. Consensus is 
important when the decision has strategic value and when the commitment of all stakeholders is 
required. For the political aspects of software release decisions, the different bases of power are 
mapped on the process and strategies, described by Stokman et al. (2000). It is argued that a 
high presence of ‘management of meaning’ processes/strategies is favourable in software 
release decisions, as opposed to a low presence of ‘challenge’ and ‘exchange’ 
processes/strategies. A high presence of ‘management of meaning’ processes/strategies implies 
that possible differences in positions or aspiration levels are reduced through the acceptance of 
convincing information. It is concluded that the availability of a commonly-shared and 
accepted product development strategy, accepted by all stakeholders involved, is an important 
factor to increase the quality of inputs to the decision-making process.  
 
For the ‘Release Decision’ process area, reflecting the perspective of satisficing behaviour, four 
practices are derived. The ‘P-C1: Information Perfection’ practice addresses the need for 
collecting sufficient information to reach the zone of cost effectiveness. This enables a high 
presence of ‘management of meaning’ processes/strategies, helping to reduce differences in 
aspiration levels; the concern of the ‘P-C2: Aspiration Levels’ practice. The ‘P-C3: Stakeholder 
Involvement’ practice addresses the need for involving all stakeholders in creating a broad 
basis for the decision. Finally, the ‘P-C4: Decision Rule’ practice is concerned with striving for 
consensus when reaching the decision outcome. This is an important characteristic of effective 
groups, applies to negotiated decision-making, and is important when the decision has strategic 
value and when the commitment of all stakeholders is required. 
 
In the next Chapter, attention is given to issues important towards increasing the likelihood of a 
successful implementation of the software release decision, once made. 
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9 RELEASE IMPLEMENTATION 
 

“A decision brilliantly conceived can prove worthless without effective implementation.”  
-- Shull et al. (1970) -- 

 

9.1 Introduction 
 
In the previous three Chapters, attention is paid to the definition of the release scope [product 
development strategy], the search for information [market and product-related] and the 
collective decision-making process. In discussing the collective decision-making process, it is 
assumed that the release decision acts on a simplified model of reality, due to bounded 
rationality at individual level and conflict resolving at group level. The decision outcome 
satisfices the stakeholders involved, but might not necessarily be the optimal outcome. It is 
therefore necessary to monitor the consequences of a decision when implemented, especially 
when the decision is of strategic value.  
 
The importance of decision implementation, contributing to overall decision success, is the 
reason for extending the Process Model, used as the reference model for decision-making in 
this study, to compile a Release Decision Methodology, including implementation and 
learning aspects (Section 5.3.1).  
 
In Section 9.2 the area of decision implementation is discussed, confirming it is crucial to 
decision success, and attention is paid to the appraisal of decisions. In the following Section 9.3 
concepts discussed are applied to strategic software release decisions. An answer to the 4th and 
final Secondary Research Question: ‘Which issues are important to increase the likelihood of a 
successful implementation of the software release decision? is given. Based on the clarification 
of implementation and learning aspects, practices for the ‘Release Implementation’ process area 
are derived in Section 9.4. The Chapter ends with a summary and conclusions in Section 9.5. 
 

9.2 Decision Implementation  
 

9.2.1 Implementation Success 
 
Trull (1966) develops a comprehensive model for determining the success of a given decision, 
and describes the success of a decision as the sum of the decision quality and decision 
implementation; an approach adopted in this study (Section 3.4.5): 

 decision success = quality of decision outcome + quality of decision implementation 88 
 
Trull (1966) distinguishes important factors for these two components as: 

 Decision-making Quality. Compatibility with existing operating constraints [policies, 
procedures], timeliness [optimal time for making the decision], optimal amount of 
information [marginal value of additional information equal/close to zero], and influence 
of the decision-maker [perceived authority of the decision-maker]. 

 Decision Implementation. Avoidance of conflict of interest [common acceptance of the 
decision], positive risk-reward factor [acceptance of more uncertainty without demanding 

                                                           
88 In Section 8.4.3, the decision-making quality is defined as the sum of the quality of the decision inputs and the quality of 
the decision-making process. 
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rewards], and understanding of the decision by those who must carry it out (see also 
Korsgaard et al. 1995). 

 
However, these factors mostly address the decision-making process and decision 
implementation to a lesser degree. Shull et al. (1979) describe other factors that determine 
whether a decision is successful, and which are more focused on decision implementation:  

 The decision remains viable following implementation. 
 The decision manifests an acceptable degree of congruence between the actual outcome 

and the expected outcome. 
 The decision outcome elicits enthusiasm and skill from those who must implement it. 

 
The first criterion is superfluous, and it is assumed that meeting the second criterion will 
automatically satisfy the first criterion, as the expected outcome will normally be viable. The 
third criterion is criticized here, as in a practical context a decision may be painful but 
necessary. It is more important that those responsible for carrying out the decision be involved 
in the act of choice, and understand the rationale behind the decision made, irrespective of 
whether the outcome elicits enthusiasm and skill. The second criterion is considered most 
important for decision implementation success, as a decision can only become effective if 
action commitment, resulting from the decision, is built into it from the start, as also found by 
Drucker (1967). Decision-makers should provide a fall-back plan, the means to monitor 
whether the expected results materialize and the means to implement corrective actions where 
the actual results are not congruent with the expected results.  
 
Even when a fall-back plan has been defined, March and Olsen (1987) note there could still be 
many obstacles to the successful implementation of almost any decision, with examples: 

 The reduced importance of a decision once it is made.  
 The control of the outcome of a decision by stakeholders who were not involved in its 

making. 
 The development of new situations and problems to command attention of decision-

makers after the implementation choice has been made. 
 
The second obstacle is addressed in the methodology in the previous Chapter (Section 8.5, 
practice P-C3); the stakeholders responsible for decision implementation must be involved in 
the decision-making process. The presence of the two remaining obstacles can be reduced: 
decision-makers not involved in the decision implementation should not be automatically 
discharged from their responsibilities once the decision has been made, but must remain 
involved through the implementation stage. In this way, the decision remains important to all 
stakeholders involved in the decision-making, and their responsibility is to monitor the actual 
decision outcome. Only when the outcome matches expectations, or the expectations are re-
formulated to match the actual outcome, the responsibility for further maintenance is 
transferred and the authority responsible for product development is discharged.  
 
Another issue in decision-making is the later appraisal of a decision, and in the following 
Section, decision appraisals are further discussed.  
 

9.2.2 Organizational Learning 
 
Learning is a conscious attempt on the part of organizations to retain and improve 
competitiveness, productivity and innovation in uncertain technological and market 
circumstances. The greater the uncertainties, the greater are the needs for learning. 
Organizations ‘learn’ to improve their adaptability and efficiency during times of change 
(Dodgson 1993). Grantham (1993) notes learning enables quicker, and more effective, 
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responses, in a complex and dynamic environment. Learning can also support increased 
information sharing, communication, understanding and the quality of decisions made.   
 
The work of Schön on learning systems (1973) is integrated with the work of Argyris around 
professional effectiveness (1957) and organizational learning (1964). They argue that people 
have mental maps on how to act in situations, involving the way they plan, implement and 
review their actions. They, furthermore, assert that it is these maps that guide people’s actions 
rather than the theories they espouse, and there is often a division between theory and action. 
Argyris and Schön (1974) suggest that two theories of action are involved: theories that are 
implicit in what people do as practitioners and managers, and those which people call on when 
speaking of their actions to others. The former can be described as theories-in-use, which 
describes the [often implicit] ‘theories’ guiding people’s actual behaviour, while reasons people 
give when explicitly asked to explain their behaviour, can be called espoused theories.  
 
Argyris and Schön (1974) develop a model, as in Figure 9-1, to illustrate these theories of 
action, which considers three elements: 

1. Governing Variables: dimensions people try to keep within acceptable limits. Any action 
is likely to impact on a number of such variables –any situation can thus trigger a trade-
off among governing variables. 

2. Action Strategies: the moves and plans used to keep their governing values within the 
acceptable range. 

3. Consequences: the results of an action. These can be both intended - those a person 
believes will result - and unintended.  

 

governing
variable consequencesaction strategy

 
Figure 9-1: Model of Theories  
            (Argyris and Schön 1974) 

 
Where the consequences of the strategy used are what the person wanted, then the theory-in-use 
is confirmed, as there is a match between intention and outcome. If there is a mismatch between 
intention and outcome, the consequences may well be unintended. They may also not match, or 
could work against, the person’s governing values. Argyris and Schön suggest two responses to 
a mismatch, as seen in the concept of single-loop learning and double-loop learning.  
 
Argyris (1978) defines organizational learning as a process of detecting, and correcting, errors, 
which are any feature of knowledge, or knowing, that inhibits learning. Where something goes 
wrong another strategy that will address and work within the governing variables is sought. In 
other words, given or chosen goals, values, plans and rules are operationalized rather than 
questioned, considered ’single-loop learning’ by Argyris and Schön. The emphasis is on 
‘techniques and making techniques more efficient’ (Usher and Bryant 1989), which can be 
compared to a fan that learns when it is too hot or too cold and then switches itself on or off. 
The fan is able to perform this task because it can receive information [the temperature of the 
room] and take corrective action when necessary.  
 
If the fan could question whether it should be set at a certain temperature threshold, it would be 
capable of not only detecting a discrepancy between actual temperature and threshold, but of 
questioning the underlying policies and goals. This is a second and more comprehensive 
enquiry, and might be called double-loop learning. Such learning may then lead to an alteration 
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in the governing variables and, thus, a shift in the way in which strategies and consequences are 
framed, as in Figure 9-2.  
 
Summarized, single-loop learning is present when goals, values, frameworks and, to a 
significant extent, strategies are taken for granted. Double-loop learning, in contrast, involves 
questioning the role of the framing and learning systems, which underlie actual goals and 
strategies. These two forms of learning will not occur if the organization is not aware that 
learning must occur. Argyris and Schön (1978) also define deutero-learning, which occurs 
when organizations learn how to carry out single-loop and double-loop learning. 

governing
variable consequencesaction strategy

single-loop learning

double-loop learning  
Figure 9-2: Revised Model of Theories 
    (Argyris and Schön 1974) 

 
In the previous Section, several issues on decision implementation are discussed, which are 
issues related to single-loop learning; monitoring whether the expected results really 
materialize, and implementing corrective action if the actual results are not congruent with 
expected results. In this Section, the focus is on the appraisal of a decision. The organization’s 
ability in decision-making can be improved by identifying strengths, weaknesses and possible 
areas for improvement. This identification can be accomplished by a ‘decision appraisal’ and is 
an example of double-loop learning; evaluating the decision-making process and decision 
implementation to distil lessons learned for future operations. 
 
The appraisal of decisions is a topic that has received little attention in the literature. Keren and 
Bruine de Bruin (2003) identify the following reasons for a reluctance to examine the question 
of decision quality: 

 The topic may be seen as too broad and ill-defined, rendering it difficult for treatment in 
a systematic and concise manner. 

 Various classes of decisions can be defined, each requiring different judgment criteria. 
 ‘Decisions about decisions’ introduces the concept of second-order decision-making, 

which would expose third, fourth and fifth-order decisions, and so on.89 
 
Another complicating factor in decision appraisals is that when evaluations are made after the 
fact, information is often available that was not available when the decision was made, 
including information about the decision outcome. Researchers addressing the decision 
appraisal issue have taken different perspectives, either judgment of decisions by the process 
[by which they were derived] or by outcome [and the associated consequences] (Keren and 
Bruine de Bruin 2003). Most researchers adopt a process perspective, under the assumption that 
a high-quality decision process is more likely to produce the envisioned decision outcome. On 
the other hand, a high-quality decision-making process cannot guarantee an envisioned 
outcome, as all decisions in a practical context are made under uncertainty (Brown et al. 1974, 
p.4; Edwards 1984, p.7). Others claim that, vice versa, envisioned decision outcomes are likely 
to be the result of a high-quality decision process. The debate is ongoing, but is considered 
irrelevant for this study. 
 

                                                           
89 This problem is similar to the problem of infinite regress, as discussed in Chapter 7. 
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Huber (1991) describes the following processes or constructs that contribute to organizational 
learning:  

1. Knowledge Acquisition: Organizational learning occurs when an organizational 
knowledge base is created, with firm-specific competencies and routines. Acquiring, 
storing, interpreting and manipulating information, both from within and outside the 
organization, create knowledge bases.  

2. Information Distribution: Refers to the process through which an organization shares 
information among units and members, thereby promoting learning, and producing new 
knowledge or understanding. Greater sharing, or distribution, of information leads to 
improved organizational learning.  

3. Information Interpretation: For information to be shared, such information must be 
interpreted. Information interpretation is the process by which distributed information is 
given one, or more, commonly-understood meanings. Greater learning occurs when more 
and more varied interpretations are developed.  

4. Organizational Memory: Refers to the repository where knowledge is stored for future 
use. Organizational memory can be made of both hard data, such as numbers, facts, 
figures and rules, as well as soft information such as tacit knowledge, expertise, 
experiences, anecdotes, critical incidents, stories, artefacts and details about strategic 
decisions (Morrison 1993). 

 
In the next Section, the theory on decision implementation and decision appraisal is applied to 
strategic software release decisions. 
 

9.3 Applicability to Strategic Software Release Decisions 

9.3.1 Implementation Success 
 
In Section 9.2.1, several issues contributing to decision quality are discussed. The factors 
identified by Trull (1966) on strategic decision quality and strategic decision implementation 
are dealt with in previous Chapters when discussing release objectives (Chapter 6), release 
information (Chapter 7) and the release decision (Chapter 8). The existing operational 
constraints [policies, procedures] are related to: 

 the product development strategy in Chapter 6 [in theory derived from a business 
strategy],  

 timeliness [optimal time for making the decision] is not specifically addressed but 
considered an obvious precondition when implementing this methodology,  

 the optimal amount of information [marginal value of additional information equal/close 
to zero] is addressed in discussing the objective of reaching the zone of cost effectiveness 
in Chapter 7 [information perfection], and  

 influence of the decision-maker [perceived authority of decision-maker] is discussed in 
Chapter 8 [stakeholder involvement].  

 
Issues identified as contributing to decision implementation quality are also dealt with in 
previous Chapters: The avoidance of conflict of interest and common acceptance of a decision 
is addressed in discussing the product development strategy (Chapter 6) and aspiration levels 
(Chapter 8); the positive risk-reward factor [acceptance of more uncertainty without demanding 
rewards] is [implicitly] addressed when discussing the management of uncertainties; and 
understanding of the decision by those who must carry it out is addressed in discussing the 
product development strategy (Chapter 6) and stakeholder involvement (Chapter 8). 
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Relevant here is that a decision can only become effective if the action commitments resulting 
from the decision are built from the start, as noted by Drucker (1967). Decision-makers should 
provide a fall-back plan, the means to monitor whether the expected results really materialize, 
and the means to implement corrective actions where the actual results are not congruent with 
the expected results. It is concluded that to increase the likelihood of a successful 
implementation of a software release decision, corrective maintenance actions should be 
foreseen before the release decision is made, and a process to monitor implementation results 
should be installed. To reduce implementation obstacles identified by March and Olsen (1987), 
it is concluded that transfer of responsibility should only take place when congruence, between 
the actual and expected outcome, is reached. In a practical context, this responsibility is either 
transferred from the development team to another organizational authority, or the responsibility 
remains with the development team. These conclusions answer the 4th Secondary Research 
Question: ‘Which issues are important to increase the likelihood of a successful implementation 
of the software release decision?’ 
 

9.3.2 Organizational Learning 
 
In Section 9.2.2, the notion of organizational learning is discussed, with special attention to 
double-loop learning. Decision-makers should evaluate the decision-making process and 
decision implementation and distil lessons learned for future operations. The ‘outcome versus 
process’ debate is less relevant for this study. There is no apparent reason why the adoption of 
appraisal should limit itself to either the decision-making process or the decision outcome – 
both issues are important. For the decision outcome, the relevant issue is to determine whether 
the actual outcome is congruent with the expected outcome, and how any possible 
incongruence can be explained. This omits the question of whether the decision outcome itself 
can be considered good or bad; a question that is normally difficult to answer. The appraisal 
perspective can, furthermore, be even broader, by appraising the entire project from its start 
until its completion. The release decision can be regarded as the central issue when adopting 
this broader perspective, as the decision to transfer the developed product from its development 
phase to operational use, is a decision that is, in principle, irreversible. An appraisal with all 
involved stakeholders in an open, constructive atmosphere is a good opportunity to identify 
strengths, weaknesses and possible areas for improvement. Morrison (1993) notes the appraisal 
might include both hard data, such as numbers, facts, figures and rules, as well as soft 
information such as tacit knowledge, expertise, experiences, anecdotes, critical incidents, 
stories, artefacts and details about the software release decisions. After the appraisal, additional 
effort will be needed to distribute the information, interpret the information, and create 
organizational ‘memory’ that is easily accessible. When successful, future product development 
efforts might benefit from the availability of this organizational memory, and this might 
positively influence the quality of practices in process areas identified in the Release Decision 
Methodology. 
 
A final remark concerns the importance of establishing a repository for defect archives. When 
the software product is released, defects injected during development but not detected prior to 
releasing might surface. These will either be detected by the software manufacturer [faults] or 
during operational use by the end-user [failures]. It is important to archive these defects in a 
central repository and classify them [for example: severity level, origin, impact, removal 
effort]. This approach has several advantages. It facilitates the management of corrective 
actions by offering transparency and is a useful source of information for analysis, and for use 
in future projects. During the decision appraisal the analysis of archived defects may be an 
issue that needs to be addressed. Results from the analysis of the origin of defects might lead to 
changes in the development process, while a better quantitative understanding of corrective 
maintenance effort needed, for example, related to the number of defects found, might offer a 
valuable source for estimating the maintenance effort required for future projects. 
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9.4 Practices Identified 
 
In Chapter 5, the ‘Release Implementation’ process area is introduced, reflecting the importance 
of decision implementation to overall decision success. This process area is concerned with 
implementation of the decision, and the later appraisal of the decision. This identifies four 
underlying practices: 

1. P-D1: Maintenance Budget. As discussed in Section 9.3.1, a budget should be reserved a 
priori to implement corrective action when problems arise. As the different stakeholders 
stay involved during the implementation of the release decision, the budget should also 
include the estimated effort for their involvement during this phase. If corrective action 
commitments are not built into the decision, it is nothing more than a good intention.  
    The correct implementation of this practice is the responsibility of Maintenance & 
Exploitation. This unit should estimate the maintenance budget needed, based on the 
formulated product requirements. The estimate is reviewed by Development, with Senior 
Management responsible for approval of the estimated budget.  

2. P-D2: Product Rollout. The product, an input to this process area, is released to its 
customers and/or end-users following a defined rollout procedure, which should be 
monitored as to whether the released product requires corrections. Problems reported are 
collected, and analysed, to see the corrective actions required to harmonise the actual and 
expected decision outcome. If analysed faults and failures, reported as the product status, 
and an output of this process area, exceed a certain threshold [number and/or severity], 
then the released product may be withdrawn and the release decision reversed (see 
Section 8.5, practice P-C4).  
    The correct implementation of this practice is the responsibility of both Development 
and Maintenance & Exploitation. Both constituencies should ensure correct working of 
the product before the product responsibility is transferred from Development to 
Maintenance & Exploitation. 

3. P-D3: Project Discharge. Similar to the rationale for involving Maintenance & 
Exploitation during the pre-release project phase (see P-A1 and P-C3), Development 
should stay involved during decision implementation until all stakeholders are satisfied 
with the stability of the released product, and the completeness and quality of the 
artefacts delivered. Then, as discussed in Section 9.3.1, the responsibility for the 
maintenance of the officially released product, an output from this process area, can be 
transferred to the responsible organizational authority.  
    The correct implementation of this practice is the responsibility of Senior 
Management. As soon as the Project Steering Committee agrees on the correct working 
of the product released, an application for project discharge can be submitted to Senior 
Management.  

4. P-D4: Project Appraisal. As discussed in Section 9.3.2, a project appraisal is considered 
important as the concluding step of product development; starting at the project proposal 
phase and ending after the project discharge milestone. Without a proper appraisal of the 
project and making the results available for future use, organizations are likely to re-live 
the past by making the same mistakes. The appraisal results, as an output from this 
process area, are made available to the organization for further interpretation, to identify 
possible improvement for future projects and augment the organizational memory.  
    The correct implementation of this practice is the responsibility of Senior 
Management. As soon as Senior Management has authorized the application for project 
discharge, the Project Steering Committee can prepare the project appraisal by 
summarizing the project history, as an input to this process area.  

 
In Figure 9-3, the ‘Release Implementation’ process area, combined with the ‘Release 
Definition’, ‘Release Information’, and ‘Release Decision’ process areas is illustrated, as the 
final data-flow diagram of the methodology.  
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Figure 9-3: Final Data-flow Diagram including ‘Release Implementation’ Process Area  
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In Appendix F, a summary of this process area is given including examples of supporting 
method(s) that can be used for the implementation of each practice. 
 

9.5 Summary and Conclusions 
 
In this Chapter, the fourth and last process area in the framework presented in Chapter 5, 
namely ‘Release Implementation’, is discussed. Answers to the 4th Secondary Research 
Question, namely ‘Which issues are important to increase the likelihood of a successful 
implementation of the software release decision?’ are given. 
 
For the implementation aspects of software release decisions the following conclusions are 
drawn. Decision implementation is an important factor contributing to overall decision success. 
Important issues identified for decision implementation are the acknowledgement that a budget 
for corrective actions should be reserved up-front, and the implementation of the decision 
should be carefully monitored, to ensure the actual decision outcome is acceptably close to the 
expected outcome, before the Project Steering Committee is discharged and product 
responsibility transferred.  
 
An official discharge of development responsibilities and transfer of product responsibility, 
must precede the decision appraisal; a prerequisite for any software manufacturer wanting to 
improve its capabilities. The appraisal should not be limited to either the decision-making 
process or decision outcome, but must include both issues and the entire project history. By 
identifying strengths, weaknesses and possible areas for improvement, the organization’s 
‘memory’ [repository] can be augmented for use in future projects.  
 
For the ‘Release Implementation’ process area, concerned with the implementation of a 
decision once made, four practices are derived.  

 The ‘P-D1: Maintenance Budget’ practice acknowledges commitments for possible 
corrective actions by reserving a budget for corrective actions.  

 The monitoring of the degree to which the actual decision outcome corresponds with the 
expected outcome, and corrective actions, where necessary, is accomplished by the ‘P-
D2: Product Rollout’ practice.  

 The ‘P-D3: Project Discharge’ practice transfers the product responsibility once all 
development obligations have been met.  

 Finally, the ‘P-D4: Project Appraisal’ practice concerns the project appraisal; to augment 
the software manufacturer organization’s records as a means of increasing organizational 
capability. 

 
The derivation of the practices for the last process area ‘Release Implementation’ completes the 
methodology as presented in the data-flow diagram in Section 9.4 (Figure 9-3). In the next 
Chapter, review remarks on this methodology are given, and its descriptive and judgmental 
character are discussed. 
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10 REVIEW AND PROPERTIES OF THE METHODOLOGY 
 

“Problems prevented are problems solved.”  
-- Harrison (1987, p.63) -- 

 

10.1 Introduction 
 
The Release Decision Methodology introduced in Chapter 5 is used as a reference to design a 
supporting methodology for strategic software release decisions, introducing four process areas. 
In Chapters 6 through 9, the four process areas are explored, and for each process area, 
underlying practices are identified. For each of the derived practices the following issues are 
formulated: rationale; primary responsible stakeholder(s); other stakeholder(s) involved; 
timeframe in which the practice is applicable; and the identification of any supporting methods.  
 
In Section 10.2, some general review remarks on the designed methodology are given. The 
different styles of decision-making behaviour are discussed. How the methodology implements 
all inter-related functions of managerial decision-making, and conditions for strategic decision 
success, is reviewed, and the extent to which additional requirements are met is discussed. In 
Section 10.3, two assumed properties are formulated for the characteristics of the methodology. 
These properties are the basis for validation of the methodology in a practical context. The 
Chapter ends with a summary and conclusions in Section 10.4. 
 

10.2 Review of the Methodology 
 
In this Section, the methodology designed is reviewed, and how the process areas match the six 
functions of managerial decision-making is summarized (Section 5.3.1). Requirements 
formulated for the methodology are reviewed.  
 

10.2.1 Maximizing, Optimizing or Satisficing? 
 
Three styles of decision-making behaviour are presented in Chapters 6 through 8.  

 In a maximizing approach, the decision-maker chooses the action whose consequences 
are best for the case at hand, defining ‘best’ according to values the decision-maker holds 
(Chapter 6).  

 Where the best action, relative to constraints, is chosen, accounting for the direct and 
opportunity costs of information, the approach is called optimizing rather than 
maximizing (Chapter 7).  

 The concept of bounded rationality is introduced, asserting that cognitive limitations 
force decision-makers to construct simplified models to deal with the real world. This 
principle, combined with the potential presence of sources of group conflict, leads to 
satisficing behaviour, rather than maximizing or optimizing, and decision-makers choose 
a satisfactory outcome from among possible outcomes (Chapter 8).  

 
Differences between these three styles give rise to ongoing debates on the assumed 
contradictions. It is argued here, however, that, at least for strategic software release decisions, 
differences are marginal and only stem from different viewpoints. For such decisions, the 
following cannot be denied: a price for information exists, uncertainty, instead of risk, will 
always be present, the concept of bounded rationality leads to a simplification of the real world, 
and bounded rationality, as well as sources of conflict, will, potentially, give rise to different 
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aspiration levels among stakeholders involved. So, as Witteloostuijn (1988, p.309) notes, 
whether human beings maximize or satisfice, is the wrong question to ask; behaviourism and 
choice theory are just two different ways to model and analyse similar phenomena. 
 
Without neglecting the ideas and value of other economic perspectives [and thereby giving rise 
to another dispute], it is concluded that in this study a Post-Keynesian perspective must be 
adopted. Post-Keynesian economics is a school of thought, based on the ideas of John Maynard 
Keynes. It differs from the interpretation of Keynes’ ideas offered by mainstream Keynesian 
economics, such as the new Keynesian economics, emphasising in particular (Davidson 1994): 

 Uncertainty, historical time, and non-ergodicity [as opposed to risk,90 logical time,91 and 
ergodic processes92], and especially uncertainty as a result of information scarcity, play 
an important role.93 

 The concept that money matters for the ‘real’ economy [output, employment] in both the 
short-term and long-term.  

 A rejection of neo-classical general equilibrium models, assuming perfect rationality of 
individuals, complete information about all prices, both now and in the future, and the 
conditions necessary for perfect competition. 

 

10.2.2 Compliance with the Process Model 
 
The methodology does not prescribe a model of choice but offers a process model embodying 
the inter-related functions of managerial decision-making. Using Harrison’s framework, as 
introduced in Section 3.4.1 and further discussed in Section 5.3.1, the methodology implements 
all the functions identified: 

 Setting Managerial Objectives. The decision-making process starts with setting of 
objectives, and culminates on reaching the objectives. This function is addressed in the 
‘Release Definition’ process area by the ‘P-A1: Project Objectives’ and ‘P-A2: Project 
Control’ practices. The Project Steering Committee involves constituencies of Marketing, 
Development and Maintenance & Exploitation. The methodology stresses continuous 
identification and reduces possible differences in aspiration levels [controversial issues] 
between stakeholders: a clear and commonly-accepted product development strategy [the 
project’s objectives, including priorities] is seen as an important and critical success 
factor. Strategic decision success requires that formulated objectives should be attainable. 
It was found during the exploratory case studies, that the availability of documented and 
commonly accepted product development strategy [including project priorities] is an 
exception (Section 4.4.1). By bringing together the different stakeholders during the 
project proposal phase, possible differences in aspiration levels can be identified in time 
to be effectively addressed, thus bringing initial positions of the stakeholders, prior to the 
release decision, closer. 

                                                           
90 Risk, under a probabilistic hypothesis, can be reduced to certainty, while uncertainty cannot. Even when it is possible to 
assign probabilities, rational use by decision-makers can be questioned. Several studies show people either insufficiently 
utilise probability information when made available, or ignore it altogether (McClelland et al. 1993; Huber et al. 1997; 
Oberholzer-Gee 1998; Clarke and Varma 1999). 
91 This is a context in which economic agents decide future actions on the basis of statistical series analyses, or 
beliefs justified by past experience. 
92 In mathematics, a measure-preserving transformation T on a probability space is said to be ergodic if all T-
invariant sets have measure zero or their complements have measure zero. For group decision-making, ergodicity 
means that regardless of the initial values of different aspiration levels, a unique limiting distribution will be reached, 
and the future is merely a statistical reflection of the past. 
93 The question that may arise here is whether uncertainty is equal to bounded rationality. Dunn (2000) points out that 
bounded rationality refers to behaviour that is ‘intendedly rational but only limitedly so’. It takes into account the cognitive 
limitations of the decision-maker regarding knowledge and computational capacity. In this sense, it relates to the behavioural 
characteristics of a decision-maker, whereas uncertainty relates to lack of knowledge of the future. 
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 Searching for Alternatives. In the decision-making process, search involves scanning the 
internal and external environments of the organization for information. This function is 
addressed in the ‘Release Information’ process area by all derived practices P-B1 
through P-B4. The exploratory case studies reveal that products are often released 
without knowing their exact behaviour [reliability, maintainability] and without 
appropriate supporting artefacts [e.g. user and development documentation] (Section 
4.4.2). The methodology therefore introduces explicit attention for defining and 
implementing verification activities, and the identification and acquisition of artefacts, to 
have proper information available as input to the release decision-making process. The 
availability of a clear and commonly-accepted product development strategy facilitates 
this process, as input for the information search process. 

 Comparing and Evaluating Alternatives. Alternatives represent various courses of action 
that singly, or in combination, may help attain objectives. By formal and informal means 
alternatives are compared, based on the certainty, or uncertainty, of cause-and-effect 
relationships, and the preferences of the decision-maker(s) for various probabilistic 
outcomes. This function is addressed in the ‘Release Definition’ process area by the ‘P-
A3: Uncertainty Management’ and ‘P-A4: Selection of Alternatives’ practices.  

 The Act of Choice. Choice is a moment in the ongoing process of decision-making when 
the decision-maker chooses a given course of action from among a set of alternatives. This 
function is addressed in the ‘Release Decision’ process area, by the P-C1 through P-C4 
practices. These practices underline important issues in group decision-making: sufficient 
information at hand, minimal differences between aspiration levels, involvement of all 
stakeholders and consensus as a decision rule. The prescription of a model of choice is 
felt unnecessary, as the exploratory case studies reveal that, in a practical context, such 
models are not, or seldom, used (Section 4.4.3) and the approach chosen is to focus on 
process steps (Section 5.3.1). Strategic decision success further requires an open 
decision-making process, a judgmental strategy and a satisficing outcome.  

 Implementing the Decision. Implementation means the chosen course of action is carried 
out within the organization. It is that moment, in the overall decision-making process, 
when the choice is transformed from an abstraction into an operational reality. This 
function is addressed in the ‘Release Implementation’ process area by the ‘P-D1: 
Maintenance Budget’ and ‘P-D2: Product Rollout’ practices. Decision-makers should 
provide a fall-back plan; the means to monitor whether the expected results really 
materialize, and the means to implement corrective actions if the actual results are not 
congruent with expected results. 

 Follow-up and Control. This function is intended to ensure that the implemented 
decision results in an outcome in keeping with the objectives that gave rise to the total 
cycle of functions within the decision-making process. This function is also addressed in 
the ‘Release Implementation’ process area by the ‘P-D2: Product Rollout’ practice. The 
‘P-D3: Project Discharge’ practice emphasizes the importance that Development can 
only be discharged from its responsibilities when the product is sufficiently stable and 
other constituencies involved approve all supporting artefacts. To increase the 
organization’s capabilities in decision-making, the appraisal of the project is made 
explicit by the ‘P-D4: Project Appraisal’ practice, as the last activity before dismantling 
the project. This appraisal activity was seldom found in the exploratory case studies 
(Section 4.3). 

  
The designed methodology implements all inter-related functions of managerial decision-
making and meets the conditions for strategic decision success. The methodology for strategic 
decisions should ensure that all relevant stakeholders are actively involved before a project is 
started [proposal phase] and stay involved until the released product functions well in its 
operational environment, as in Figure 10-1.  
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Figure 10-1: Active Involvement of All Stakeholders  
 
This is an important property of the methodology, as it ensures product development is 
continuously discussed among stakeholders representing different perspectives. This multi-
perspective approach enables the sharing of knowledge among stakeholders and, where 
problems arise, all perspectives are represented in evaluating an alternative course of action. 
Specific advantages are illustrated by examples:  

 Involving Maintenance & Exploitation during the project proposal phase helps define a 
product development strategy that includes important post-release requirements of the 
product. The involvement of Maintenance & Development, an important stakeholder in 
the release decision-making process, is considered crucial, as they are responsible for the 
decision implementation.  

 All stakeholders [Senior Management and Project Steering Committee] remain involved 
once the release decision has been made. This is especially important for Development, 
which is only discharged from its responsibilities when the product is proven stable. This 
prevents the organization from assigning development resources to other projects before 
the actual outcome meets the expected outcome.  

 Senior Management is assigned both responsibility and involvement during the various 
stages. This is important as the release decision and its successful implementation are of 
strategic value to the organization and requires the involvement of higher management.  

 

10.2.3 Compliance with Additional Requirements 
 
In this thesis, several requirements for the methodology are formulated, and met as follows: 

1. Pro-active Nature. In Section 1.5, it is stated that the methodology should be pro-active 
to help avoid preventable surprises late in the project when costs of any revision are high. 
A review of the methodology shows that most identified practices should be 
implemented for the release decision itself. Exceptions are the corrective actions after 
product release (P-D2), project discharge (P-D3), and project appraisal (P-D4) (Section 
9.4), although associated activities should be foreseen and planned for up-front. That 
most practices should be already implemented during the project proposal phase and the 
product development phase emphasizes the pro-active nature of the proposed 
methodology, a requirement stated before in formulating the primary research question 
(Section 1.6).  

2. Software Manufacturer Type. It is a requirement in Section 1.7, that the methodology 
should not restrict itself to specific software manufacturer types. A review of the 
methodology indicates no software manufacturer specific practices. The product 
requirements influence the search in the information process area, but not the 
methodology itself. All derived practices need proper implementation, independent of the 
characteristics of the software manufacturer type. How, and the extent to which, the 
practices are implemented should follow from the specific circumstances. It is concluded, 
that, at least in theory, no major obstacles exist to applying the methodology successfully 
in different software manufacturer environments.  
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3. Role of the Customer/End-user. It has been [implicitly] assumed that the software 
manufacturer takes the software release decision without direct involvement of its 
customer(s) and/or end-user(s). It is stated in Section 1.7 as an additional requirement for 
the methodology that this situation should be taken into account. Reviewing the practices 
of the methodology reveals that in each practice, the customer or end-user might be 
involved or even be responsible. This depends strongly on the relationship between the 
software manufacturer and the customer/end-user. When the product to be developed is 
written on contract, the customer/end-user might play a very prominent role. Their 
representatives might be involved in defining the product development strategy, in 
verification activities, in the decision-making process as important stakeholders, and 
during implementation to operational use. Where a product is developed for a mass-
market, a group of customer/end-user representatives might be selected to conduct beta 
tests. The results of their tests and their perceptions of the product will then be put into 
the release decision-making process. No generally-applicable statements can be made, 
other than that, for each situation, the extent to which the customer/end-user plays a role 
in each practice should be decided. 

4. Adoption. In Section 4.6, it is stated that the rate of adoption of a methodology is 
positively related to perceived trialability, observability, relative advantage and 
compatibility, and is negatively related to perceived complexity of such a methodology. 
These issues are described: 
- Trialability. It is argued that this requirement is fulfilled. This methodology can be 

tried on one or more projects, before considering organization-wide adoption. It is 
also possible to limit a try-out to limited process areas or practices. 

- Observability. Whether the application of the methodology will offer observable 
results depends on the specific circumstances in which it is applied. In a chaotic 
manufacturer environment, it may be that fire-fighting will prevail and the 
methodology cannot prove its usefulness. In stable environments in mature 
organizations, the effects observed may be small. Put differently, the methodology 
will probably show the best observable results in organizations that have a certain 
capability regarding project management, but suffer, for example, from an unclear 
product development strategy, barriers between different organizational authorities 
and/or the absence of a formal decision-making process. 

- Relative Advantage. Application of this methodology is not necessarily mutually 
exclusive with other innovations; it may even support or accelerate them. Suppose a 
software manufacturer organization embraces a process improvement program at 
software or at system level (Section 1.3.2), this methodology might help enforce 
certain project management issues and coordination across different departments. 
Whether application of the methodology offers advantages for the status quo depends 
on the specific circumstances in which it is applied. Where an organization has not 
implemented all practices of the methodology, it has the potential for improvements. 
In more mature organizations, the relative advantages are likely to be smaller than in 
less mature organizations.  

- Complexity: The methodology is not overly complex. All practices address common 
sense issues and especially the practices of the ‘Release Definition’ and ‘Release 
Information’ process areas can explicitly, or implicitly, be found in most existing 
project management methodologies. Important differences are the explicit 
involvement of stakeholders throughout the entire project [from proposal phase until 
after successful implementation], the recognition that information is not free [an 
acceptable uncertainty level should be sought], and the attention for behavioural 
aspects stemming from individual and group behaviour in the decision-making 
process. 

- Compatibility. It depends on the specific circumstances in which the methodology is 
applied as to whether the methodology is compatible with existing practices and 
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values. For immature, reactive organizations, it may be a major step to implement a 
formal process. However, where certain project management processes are already in 
place, the process areas of this methodology can probably be easily integrated.  

 
It is concluded that the designed methodology meets all additional requirements: a pro-active 
concept, independence of software manufacturer type, possibility of incorporating and 
involving the customer/end-user as a stakeholder, and the factors considered important for a 
high rate of adoption. 
 

10.3 Properties of the Methodology 
 
In Chapter 6, attention is given to the financial aspects of a software release decision. If a 
software product is released ‘too early’; a software product with less functionality and/or 
significant defects is released to intended users, the software manufacturer incurs post-release 
costs of fixing resultant failures. If a software product is released ‘too late’, the additional 
development cost and the ‘opportunity cost’ of missing a market window could be substantial. 
The NPVI-method is introduced to support the comparison and evaluation of different release 
alternatives.  
 
In Chapter 7, the economics of information are discussed with the conclusion that a software 
manufacturer organization should increase the information level to within the zone of cost 
effectiveness, where the marginal yield is near zero, and uncertainty is reduced to an acceptable 
level. Increasing the information level beyond this zone leads to additional costs that outweigh 
the benefits [law of diminishing returns]. How does this affect pre-release and post-release cash 
outflows? If the information level is below the zone of cost effectiveness the pre-release cash 
outflows [development cost] will probably be lower, as less effort is spent on verification 
activities and implementing identified artefacts. As this incurs high ‘uncertainty’ for product 
quality and product maintainability, the expected post-release cash outflows [maintenance cost] 
are likely to be higher. When the information level for product quality and product 
maintainability is increased, this incurs an increase in pre-release cash outflows. However, as 
the information obtained offers the possibility of removing defects on product quality and 
product maintainability, post-release cash outflows are likely to decrease. As discussed in 
Section 7.2, improving information perfection can lead to transforming a decision with 
complete uncertainty [zone of cost effectiveness to the left] to a decision with informed 
uncertainty [zone of cost effectiveness moving to the right] or, at least in theory, even a 
decision with certainty [zone of cost effectiveness completely to the right]. Software 
manufacturers with mature product development processes are assumed to move their zone of 
cost effectiveness to the right: valuable information is obtained in less time and probably 
against less cost. This enables them to make strategic software release decisions with less 
uncertainty, where the decision-making process is characterized by sharing of convincing 
information. It is argued in Section 7.3.2, that moving the zone of cost effectiveness to the right 
is likely to make the NPVI-method, as introduced in Section 6.4, a better candidate for 
evaluating different release alternatives, as the number of scenarios to be considered might be 
reduced, and the chance of occurrence of each scenario can be better quantified with 
probability, or possibility, values. Mature development processes also enable software 
manufacturers to analyse collected historical data from different projects, and use the results to 
obtain better predictions for the pre-release reliability (see Section 3.3.2 discussing software 
reliability prediction models) and the post-release maintenance cost.  
 
In Chapter 8, focus is on the decision-making process itself, by applying the theory of Stokman 
et al. (2000) to collective group processes and strategies. It is argued that a high presence of 
‘management of meaning’ processes/strategies is favourable in software release decisions, as 
opposed to a low presence of ‘challenge’ and ‘exchange’ processes/strategies. A high presence 
of ‘management of meaning’ processes/strategies implies that possible differences in positions, 
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or aspiration levels, are reduced through the acceptance of convincing information. When the 
information level is decreasing, the presence of ‘challenge’ processes/strategies is expected to 
increase. Vice versa, when the information level increases, the presence of ‘management of 
meaning’ processes/strategies is expected to increase as well, as in Figure 10-2. It must be 
understood however, that the information level within or above the zone of effectiveness does 
not necessarily imply a high presence of ‘management of meaning’ processes/strategies and a 
low presence of ‘challenge’ processes/strategies. In case of for instance immature development 
processes, the zone of cost effectiveness may still be characterized by a high presence of 
‘challenge’ processes/strategies and a low presence of ‘management of meaning’ 
processes/strategies due to high uncertainty. In such cases, the software manufacturer is faced 
with a high price in time and/or cost to increase information, outweighing the value of 
additional information. 
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Figure 10-2: Economic and Behavioural Components as a Function of  
Information Perfection 

 
A final remark is reserved for the role of intuition in decision-making. According to 
Dijksterhuis (2004), intuition is understood as a mental process that is subconsciously informed 
by emotional impulses. When a thought process has been initiated the mind often continues to 
work on it outside of the person’s awareness and the result is often far more influenced by an 
emotional input that the person has not consciously considered. Dijksterhuis advises to involve 
the conscious mind in minor decision making and leave the more complex, impactful decisions 
in life to the unconscious. 94 It is argued here that although intuition is considered important, 
care must be taken. In the first place, the focus in this study is on a collective decision-making 
process, taking into account the different perspectives of all stakeholders, not the perspective of 
one individual. A formal process offers a structured mechanism to provide visibility of threats 
from different perspectives to release decision success. Secondly, intuition on its own is not 
sufficient for strategic software release decisions [being complex and impactful], where large 
prospective financial loss outcomes to a software manufacturer and its customers/end-users of 

                                                           
94 Dijksterhuis (2004)  found that the unconscious is more likely to take into consideration those emotional aspects 
that are really important to the individual, whereas a purely mental decision making process tends to be 
unsustainable, leaving the decision-maker dissatisfied after some time, because the criteria that were closer to his 
heart had not been considered. 
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the software are present and even people’s life may be at risk in for instance safety-critical 
products. 
 
Summarized, the methodology combines an economic and a decision-making perspective and 
applies them in the context of software management. With this multi-disciplinary approach an 
understanding of strategic software release decisions is obtained. The methodology has a 
descriptive character for strategic software release decisions. This property is important as it is 
formulated as one of the outcomes of this study (Section 1.6). This assumed property will 
therefore be validated in a practical setting.  
 

1st Validation Question: 
Can the methodology be used to describe strategic software release decisions? 

 
The primary research question in Section 1.6 is formulated as: How to improve strategic 
software release decisions? Another property of the methodology should be the possibility of 
determining the strengths and weaknesses of the release decision-making process and the 
release implementation. If the methodology with its underlying practices has this judgmental 
character for strategic software release decisions, a software manufacturer can, pro-actively, 
aim for decision success by implementing the described practices. This property is important as 
it is formulated as one of the outcomes of this study, as in Section 1.6. This assumed property 
will therefore also be validated in a practical setting. 
 

2nd Validation Question: 
Can the methodology identify improvement areas for strategic software release decisions? 

 

10.4 Summary and Conclusions 
 
In this Chapter, the methodology is reviewed from different perspectives. It is first discussed 
how the methodology offers a multi-perspective view on strategic software release decisions. It 
is reviewed as to how the methodology implements all inter-related functions of managerial 
decision-making, and conditions for strategic decision success. The methodology meets the 
requirements: for a pro-active action, its general nature of the methodology [independent of 
software manufacturer type], the possibility of involving a customer/end-user as a stakeholder, 
and factors considered important for a high rate of adoption.  
 
Two potential properties of the methodology are identified for validation in a practical context. 
In the first place, it is assumed the methodology has a descriptive character for the important 
issues in strategic software release decisions, by combining an economic and a decision-making 
perspective and applying these perspectives in the context of software management. It is noted 
that when the information level in the decision-making process increases, thereby reducing 
uncertainty, pre-release cash outflows [development cost] will increase, due to increased 
verification activities, and post-release cash outflows are likely to decrease due to higher 
product reliability and product maintainability. At the same time, for collective group 
processes, the presence of ‘management of meaning’ processes/strategies increases, and the 
presence of ‘challenge’ processes and strategies decreases. Secondly, it is assumed the 
methodology has a judgmental character for strategic software release decisions, enabling a 
software manufacturer to identify areas of improvement, and to aim for increased decision 
success by implementing the practices of the methodology. 
 
In the next Chapter the validation results for the assumed descriptive and judgmental character 
of the methodology is described. The results of three further case studies are presented and used 
to validate the assumed properties of the methodology. Conclusions are thereafter drawn on the 
validity and reliability of the results obtained. 
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11 VALIDATION OF THE METHODOLOGY 
 

”There is nothing so practical as a good theory.” 
-- Kurt Lewin -- 

11.1 Introduction 
 
In the previous Chapter, when discussing different aspects of the designed methodology, it is 
assumed the methodology has two properties, a descriptive character and a judgmental 
character. These properties are derived from theoretical reasoning, but were not confirmed by 
evidence from a practical setting. This required a second series of case studies, with the 
objective of validating the assumed properties of the methodology:  

Descriptive character: Can the methodology be used to describe strategic software release 
decisions? 

Judgmental character:  Can the methodology identify improvement areas for strategic software 
release decisions? 

 
In Section 11.2 some introductory remarks are made on the case study approach. In Section 
11.3 the results of case study H, in Section 11.4 the results of case study I, and in Section 11.5 
the results of case study J are presented.95 In Section 11.6 general conclusions from these case 
studies are drawn. The Chapter ends with a summary and conclusions in Section 11.7. 
 

11.2 Case Study Approach 
 
Different case studies are conducted for similar software manufacturer types, namely software 
manufacturers developing in-house systems, chosen to predict similar results [literal 
replication]. All case study environments were from the same country. The case study 
environments were selected so satisfactory implemented practices of the defined process areas 
would vary, creating a broader basis for analysis. Some variation was obtained by selecting 
different project types: developing new software [cases H, J] versus the new version of an 
existing product [case I].  
 
Environments were selected using the following criteria: 

 The selected organization has previously released a significant number of substantial 
software products. This criterion is used to avoid case studies in learning environments, 
where it is less likely to find consensus between informants, or supporting documentary 
evidence. 

 Each selected case [consisting of one project] has recently released a software product. 
This criterion is used to reveal the initial objectives of the project, how they were 
addressed during product development, how the software release decision was taken, and 
how the decision was implemented. 

 Presence of trade-off between time-to-market, budget, functional requirements and non-
functional requirements, including reliability and maintainability. This criterion is 
considered important to ensure a comparison between releasing the software product 
early and delaying its release.  

 The strategic value of the software release decision is high. 
 

                                                           
95 To prevent possible obscurities, all case studies were given a unique identification.  
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A case study protocol, as in Appendix A, was written and reviewed prior to conducting the first 
case study. Further information on the case studies: 

 In Appendix D an example of a case study questionnaire is given. The actual 
questionnaire used in each case study was adapted to the specific characteristics of each 
organization. 

 In Appendix E a cross-reference between the practices of the methodology and the 
questionnaire in Appendix D can be found. 

 
In the next Sections, the results of the case studies are described, answering the questions raised 
in the previous Chapter. The names of the participating organizations are not revealed, as the 
selected projects and the organizational processes are in most cases considered to be of strategic 
importance. For the validity and reliability of the results, these anonymous descriptions are not 
considered a problem. The findings in each case study originate from the approved case study 
report. In this thesis the interpretation of the data by the researcher is found in Sections 11.3.2, 
11.4.2 and 11.5.2 in discussing the findings of each case study. It therefore remains auditable 
(Berghout 1997, p.52; based on Boskma and Herweyer 1988).  
 
In each case study, a post-mortem or retrospective analysis [cross sectional time horizon, see 
Section 2.6] is made to assess the extent to which each practice is met. An ordinal scale is used 
with scores ranging from: Low (score 1) - Medium (score 2) – High (score 3), with each 
participating organization assigned scores for the practices. The individual scores for the 
practices within each process area were summed to determine the overall resultant score for that 
process area, using the rules presented in Figure 11-1. 
 

Total Score for Process Area Resulting Score Abbreviation 
4-6 Not Satisfied NS 
7-8 Partially Satisfied PS 
9-10 Largely Satisfied LS 

11-12 Fully Satisfied FS 
 

Figure 11-1: Score Table for Process Area 
 
The scores obtained for the four process areas are used to explain the release decision-making 
process for each case studied. Explanation-building is used as the strategy for analysis (Section 
2.7). The scores obtained are further used to see if the hypotheses defined can be confirmed, or 
contradicted. 
 
In the next Sections, each case study is discussed separately before drawing general 
conclusions. For each case study the following summarized data is presented: 

 Case Description. A description of the organization, and selected case, mainly derived 
from the first survey filled in by the organization. Additional documentation, like annual 
reports, are used, if found necessary. The main findings and scores for each individual 
practice are given, as is the resultant score for each process area, with detailed 
information on each case study to be found in the individual case study reports. 

 Analysis. Findings on the practices are analysed. Using the findings and scores, at 
practice and process area level, explanation-building is used to see if the case studied 
confirms the descriptive and judgemental character of the methodology. 

 
After presenting the individual results of each case study, the overall results are reviewed.  
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11.3 Results ~ Case Study H 
 

11.3.1 Case Description 
 
The participating organization is a leading global financial services company, providing 
financial services and products to retail and business markets. Services provided are insurance, 
pensions, occupational health and safety, asset management/investment, leasing, real estate, 
venture capital and mortgage finance. The case selected was conducted in the IT department of 
this organization, developing custom systems for internal and external use. The department’s 
process capability is estimated to be CMM level 1 [no institutionalized processes at project 
level]. 
 
The stakeholders, as discussed in Section 5.3.3, could all be identified: 

 Senior Management [strategic level]. 
 Project Steering Committee Team [tactical level], consisting of the following 

constituencies: Marketing, Development and Maintenance & Exploitation. 
 Product Development Team [operational level], consisting of Development, cooperating 

with Maintenance & Exploitation.  
 

The case presented is the development of a new website. A pre-study was executed, resulting in 
the definition of the following global requirements: 

 Entirely new platform/infrastructure to realise an increased visitor capacity, involving the 
introduction of many new technologies. 

 Euro-proof.  
 Transfer of hosting to their own organization and implementing a firewall for security. 
 Improvements regarding style and functionality.  

Pre-study results are used for a detailed project plan, dividing the project into four subsequent 
stages: 

 Stage 1 [scheduled for 1st July 2001]: All applications Euro-proof and existing 
functionality transferred to a more stable environment. 

 Stage 2 [scheduled for September 1st 2001]: Integration of existing applications, new 
look-and-feel style, enhanced functionality, transfer of application to own organization. 

 Stage 3 [scheduled for November 1st 2001]: Additional functionality, implemented in 
own organization. 

 Stage 4 [scheduled for January 1st 2002]: Additional functionality.  
This project plan also mentions some non-functional requirements: the development of a future-
proof, scalable and expandable product. 
 
The initial estimate for the schedule was 10 months [pre-study included] and for the pre-release 
cash outflows Euro 15M. Budgets were reserved for the technical infrastructure and post-
release cash outflows for maintenance and exploitation. During the first months, the project 
encountered several set-backs: technical problems surfaced and the development budget turned 
out to be too optimistic. Progress control was not in place, mainly through the absence of 
clearly-defined milestones or quality gates. These problems increased, and in November 2001, 
the project was re-defined. Major changes were: 

 Internal project management replaced external project management. 
 Priorities were re-arranged [making the product Euro-proof received highest priority]. 
 Both schedule and development budgets were adjusted.  
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In Figure 11-2, the main findings for each practice are listed. In Figure 11-3, the scores 
obtained for all practices are graphically displayed in radar.  
 

 Finding Score 
1. Release Definition Process Area NS 

 Project Objectives 

A well-substantiated justification for the project was not found. Informants 
expressed different possible reasons. The project’s budget and schedule were 
also not substantiated. Expected [additional] cash inflows were not addressed, 
although informants expressed the opinion that this was possible [increased 
number of leads, more customers, internal efficiency improvements]. Further, 
the project plan was not reviewed with all stakeholders involved. Marketing 
and Development accepted the project, but the opinion of Maintenance & 
Exploitation, as an important stakeholder, was not included. 

L 

 Project Control 

The project’s progress was discussed periodically at the level of the Project 
Steering Committee. The progress was however mainly expressed in terms of 
problems encountered and the need for additional budget; the true status of 
the project was unclear. The original milestones for the first stages were not 
met. This resulted in major changes to the project in November 2001. Internal 
project management replaced external project management and a new project 
plan was made with new planning for the final release date (May 2002) and a 
substantially increased budget. This restart did not result in an increased 
transparency of the project’s objectives and status.  

L 

 Uncertainty 
Management 

Uncertainties are briefly addressed in early documents [expressed as risks 
and uncertainties]. However, the corrective and preventive measures were of 
a very global nature. During the course of the project no pro-active 
management of uncertainties have taken place. Problems were not foreseen, 
resulting in a reactive attitude with a short-term horizon.  

L 

 Selection of Alternatives 

The original project definition did not include an evaluation of different project 
alternatives. In November 2001, different alternatives were presented and 
discussed to agree on the best course of action for the remainder of the 
project. During the test phase, an analysis has taken place comparing different 
alternatives of how to proceed.  

M 

2. Release Information Process Area NS 

 Verification Definition 

Activities are not defined to verify the correct implementation of the product’s 
requirements. The initial statement to realise a ‘future-proof, scalable and 
expandable’ application was not addressed in defined tests. Maintainability 
was not addressed during the entire course of the project.  

L 

 Verification 
Implementation 

Toward the end of the project, the focus was to improve the stability of the 
product. Testing was frequently extended based on test results obtained.  M 

 Artefact Identification No evidence could be found that the required artefacts supporting the product 
were identified.  L 

 Artefact Implementation No activities were undertaken to develop supporting product documentation. L 
3. Release Decision Process Area NS 

 
 
 

Information Perfection  

The information available for the release decision was far from optimal [below 
the zone of cost effectiveness]. Stakeholders involved claimed that increased 
testing to increase the level of information perfection would have been 
beneficial. Time pressure prevented them from doing so. 

L 

 Aspiration Levels 

During the initial phase of the project, the aspiration levels of Marketing and 
Development on one hand and Maintenance & Exploitation on the other hand, 
diverged. This issue has not been addressed and during the course of the 
project, the situation further worsened. 

L 

 Stakeholder Involvement 

Maintenance & Exploitation as an important organizational authority was not 
involved in the decision-making process. Further, Maintenance & Exploitation 
was unwilling to accept the product after its release. The consequence was a 
Task Force brought into being, with the assignment to stabilize the product.  

L 

 Decision Choice 

During the last months of the project, Development was put under high 
pressure by Marketing to release the product as soon as possible. Testing was 
extended until Development finally agreed to release the product, using a veto. 
Ultimately, the product was released in September 2002. 

L 

4. Release Implementation Process Area LS 

 Maintenance Budget In the integral project plan, a budget was assigned for corrective maintenance 
activities. This budget was updated when the project was restructured.  H 

 Product Rollout 
When the product was released, many problems were known, additional 
problems were found. The Task Force responsible for corrective actions 
solved the identified problems. 

H 

 Project Discharge 
After the product release, the development responsibility was taken over by 
the Task Force. Development itself has not been officially discharged from its 
responsibilities. The Task Force remained active until late 2003.  

M 

 Project Appraisal No evidence found that a project appraisal was executed. L 
 

Figure 11-2: Findings ~ Case Study H 
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Figure 11-3: Radar Presentation of Case Study H Results 

 

11.3.2 Analysis 
 
In this Section, the results obtained are used to validate the assumed properties of the 
methodology and its descriptive and judgmental character. 
 
 
11.3.2.1 Descriptive Character 
 
To assess the descriptive character of the methodology, the information level as input to the 
decision-making process should be determined. In the case studied, this information level was 
below the zone of cost effectiveness as can be derived from the ‘Release Information’ process 
area [Score: Not Satisfied]. No serious attempt was made to define the verification needs, or to 
define the supporting artefacts.  

1. Economic Perspective. Both Senior Management and Marketing exerted pressure on the 
Product Development Team to release the product as soon as possible. The team was 
however faced with an unstable product under test and had to use a veto, several times, to 
postpone a scheduled release date. When the product was released, uncertainty was high 
as many known problems were not resolved [although not considered critical] and it was 
felt that continued testing would reveal more defects, potentially critical ones, that could 
severely hamper the correct functioning and stability of the product. After the product 
was released, the special Task Force was assigned the responsibility of temporarily 
performing corrective maintenance activities. This team needed more than a year to 
resolve the known, and newly-detected, defects. Despite the original requirement to 
develop a maintainable product, it was decided in 2004 to start a pre-study toward a 
totally new product to replace this product, as corrective maintenance is expensive and it 
is difficult to enhance the product with additional functionality. In other words, the early 
release of the product saved the organization additional testing cost [pre-release cost 
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savings], but the post-release maintenance cost turned out to be significantly higher than 
originally expected. 

2. Decision-making Perspective. The collective decision-making process showed very 
different positions among the stakeholders. Senior Management and Marketing strived 
for an early release of the product, whereas Maintenance & Exploitation favoured a high-
quality [stable and documented] product. Development was stuck in the middle, as in 
Figure 11-4. In the decision-making process itself, Maintenance & Exploitation was not 
involved, although an important stakeholder. The decision-making process revealed a 
high presence of ‘challenge’ processes/strategies and a low presence of ‘management of 
meaning’ processes/strategies. Development was continuously challenged to stabilize the 
product as soon as possible so as to make a release possible.  

 
   Quality  

  Low Middle High 
High Senior Management

Marketing 
  

Middle  Development  
Time 

Pressure 

Low   Maintenance & Exploitation 
 

Figure 11-4: Aspiration levels of Stakeholders Involved 
 
These observations were discussed in a feedback session and corroborated by the people 
interviewed. This confirms the descriptive character of the methodology as discussed in Section 
10.3. Below the zone of cost effectiveness, uncertainty is high and this is likely to have a 
negative impact on post-release cash outflows. It may lead to differences in aspiration levels, 
and the decision-making process is likely to reveal a high presence of ‘challenge’ and a low 
presence of ‘management of meaning’ processes/strategies. 
 
 
11.3.2.2 Judgmental Character 
 
In this case the quality of the decision-making process is assessed as low [practices were mostly 
assigned low scores], because of insufficient information at hand, different aspiration levels, not 
all stakeholders involved in the decision-making, and the absence of a judgmental decision 
strategy with consensus as a decision rule. The resultant score for the ‘Release Decision’ 
process area is ‘Not Satisfied’. The resultant score for the ‘Release Implementation’ process 
area is ‘Largely Satisfied’; a maintenance budget was reserved and corrective actions were 
taken. The overall decision success, namely the sum of the quality of the decision-making 
process and the quality of decision implementation, is assessed as low. This is also true for the 
congruence between expected and actual outcome. It might seem that there was congruence 
between the expected and actual outcome, as the released product was relatively stable and end-
users did not experience major problems. However, when revisiting the objectives as 
formulated in the original project plan and in the revised plan, it is concluded that many of the 
objectives were not met. For example, securing part of the functionality by placing it behind a 
firewall was a requirement formulated, but never implemented, while maintainability of the 
product was formulated as an important non-functional requirement, but not addressed during 
product development [no deployment and evaluation]. The consequence is the start of a pre-
study towards a totally new product to replace this product due to the problems experienced 
with maintainability. 
 
Using the proposed methodology, areas where improvements would lead to increased decision 
success: 

1. Release Definition. The lack of an attainable, commonly-accepted, product development 
strategy has bedevilled the project from its start. A severe lack of project control, and the 
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absence of pro-active uncertainty management, resulted in reactive behaviour. The result 
is the absence of clearly-defined, attainable, release criteria steering the project in the 
right direction. Increasing the quality of the decision-making process would require 
improvements in all practices in this process area; the definition and control of an 
attainable, commonly-accepted, product development strategy being the most important. 

2. Release Information. No serious attempt was made to define the necessary verification 
needs and to define the supporting artefacts. As a result, information perfection was low, 
hampering the comparison and evaluation of different alternatives, and leading to high 
uncertainty in the decision-making process. Increasing the quality of the decision-making 
process would have required improvement in all practices in this process area, for which 
the definition and control of an attainable, commonly-accepted product development 
strategy is an important pre-requisite. 

 
These observations were discussed in a feedback session and corroborated by the people 
interviewed. This confirms the judgmental character of the methodology, as discussed in 
Section 10.3. The methodology can be used to identify strengths and weaknesses of the 
decision-making process and its implementation, and can thus be used as the basis for 
identifying areas of improvement. 
 
This case study is of interest in the sense that the project studied failed to implement nearly all 
proposed practices. Low scores were assigned to almost all practices, except the availability of 
a maintenance budget (P-D1) and the implementation of corrective actions (P-D2). The 
informants described the project as ‘disastrous’, and confirmed the complexity of the project 
was underestimated from the beginning although its strategic value, and that project control had 
not been in place. 
 

11.4 Results ~ Case Study I 

11.4.1 Case Description 
 
Case I was conducted in the IT department of a government ministry. The IT department 
develops information systems by order of this authority for internal and external use. The 
department’s process capability was estimated at CMM level 1-2 [limited institutionalized 
processes at project level]. 
 
The IT department is organized in a matrix (Figure 11-5). The sectors Development, 
Continuity, Exploitation and Service focus on the operational side of product development and 
reflect the production cycle of an IT-service. The sectors Account Management, Architecture, 
Purchasing, Planning/Finance & Control, and Resource Management support the operational 
sectors.  
 

 Development Continuity Exploitation Service 
Account Management     

Architecture     

Purchasing     

Planning/Finance & Control     

Resource Management     
 

Figure 11-5: Matrix Organization 
 
The stakeholders, as discussed in Section 5.3.3, could all be identified: 

 Strategic level: Senior Management [Management Team]. 
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 Tactical level: Project Steering Committee Team, consisting of the following 
stakeholders: Marketing [Account Management], Development, and Maintenance & 
Exploitation [Continuity, Exploitation, and Service]. 

 Operational level: Product Development Team, consisting of Development, closely 
cooperating with Maintenance & Exploitation [Continuity]. 

 
The case selected was the introduction of a new application for tracking imported goods within 
the European Union, required as a temporary solution for an existing application used to 
register imported goods. In 2001 an assignment was given to the software manufacturer to 
realise this temporary solution of an interface between the new and existing applications, and 
additional functionality to enable automatic verifications and updates. It took until April 2002 
before the assignment was analysed, resulting in an approved study in June 2002. Initially, the 
proposal was to implement a ‘quick and dirty’ solution, however the stakeholder Maintenance 
& Exploitation refused to accept this because it was expected to hamper post-release 
maintenance activities. It was finally decided to follow the standard development process. 
Establishing the development budget was another issue between the two stakeholders. Initially, 
Maintenance & Exploitation would develop the interfaces of the new application to the existing 
applications. However, Development claimed that the estimated budget was too high. The 
decision made was that Development would have the responsibility of developing the entire 
application. Development started the project in August 2002, although the final offer was only 
accepted in October 2002. The development budget was low and the scheduled release dates 
were late November [internal release to Maintenance & Exploitation] and late December 
[external release at customer’s site]. 
 
In Figure 11-6, the main findings for each practice are listed. In Figure 11-7, the scores 
obtained for all practices are graphically displayed in radar.  
 
 

 Finding Score 
1. Release Definition Process Area LS 

 Project Objectives 

Although the project objectives were established in October 2001 with 
common acceptance by all stakeholders involved, the process followed 
revealed some serious deficiencies: 

 The assignment was worked out relatively late. 
 The initial requirements described were vague and had omissions. 
 The negotiations between the stakeholders were laborious.  

From its start the project was faced with major time pressures to meet 
the delivery dates. Although the project cannot be characterized as a 
strategic project in terms of its budget and/or product requirements, it 
came onto the agenda of Senior Management due to its delayed start.  

L 

 Project Control  The initial project objectives were not adjusted, other than a one-week 
delay of one internal release date. Progress was monitored. H 

 Uncertainty Management 

Uncertainties were documented as risks in several documents 
[requirements, project plan, offer]. In the offer, measures were defined to 
reduce or eliminate the risks identified. However, during the course of 
the project the uncertainties were not pro-actively managed, with the 
project’s focus being to meet its delivery dates.  

M 

 Selection of Alternatives 

Prior to the start of the project, the global architecture was already 
available. The description of the system concept, application 
architecture and important development issues was complemented with 
a description of the alternatives considered and the rationale for 
selecting the best alternative. 

H 

2. Release Information Process Area LS 

 Verification Definition 

There was no clear traceability between the functional and non-
functional requirements on one hand and the defined tests on the other 
hand. How the correct implementation of the stated requirements could 
be verified was not clearly analysed. 

M 

 Verification Implementation Not all defined tests were executed due to lack of time.  M 

 Artefact Identification The standard development process used prescribes the artefacts 
supporting the software to be delivered.  H 

 Artefact Implementation Following the defined standard development process, all identified 
artefacts were implemented/accepted by Marketing & Exploitation. H 
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3. Release Decision Process Area LS 

 Information Perfection 

The information available to the release decision was not considered 
optimal, although close to the zone of cost effectiveness. Certain tests 
were left out under time pressure and the application had not been 
tested in a real environment, i.e. the infrastructure of the end-user. 
Stakeholders involved claimed that increased testing to increase the 
level of information perfection would have been beneficial. Time 
pressure prevented the Product Development Team from doing so. 

M 

 Aspiration Levels 

Despite the problems encountered prior to the project start, differences 
in aspiration levels were largely eliminated at that time. During the 
course of the project, the co-operation between Development and 
Maintenance & Exploitation went reasonably well and smaller issues 
during the course of the project [like the internal release date] were 
addressed and resolved [the internal release date was postponed one 
week]. Prior to the decision to release the product externally, no severe 
differences in aspiration levels were present. 

M 

 Stakeholder Involvement 
All relevant stakeholders were involved in the release decision. A 
proposal to release the application was signed by all stakeholders 
involved and presented to the customer.  

H 

 Decision Choice Characteristics of decision-making were: a negotiated decision-making 
strategy, an interacting group type, and consensus as the decision rule. H 

4. Release Implementation Process Area LS 

 Maintenance Budget 

Implicitly, a budget for maintenance was reserved under the umbrella of 
an existing service level agreement for the existing application. 
However, the estimated maintenance effort was left open in the 
prescribed project plan template. Further, it was unclear which 
organizational authority was responsible for corrective maintenance 
directly after the product release.  

M 

 Product Rollout 
Several failures and faults were found in the first weeks/months after 
product release. They’ve all been solved, but the long average time 
between reporting and implementing was considered unsatisfactory.  

M 

 Project Discharge Development stayed involved after the product release, and was 
discharged from its responsibilities, following a standard procedure. H 

 Project Appraisal 

The project has been appraised. However, this appraisal took place 
within the first month after the release date, when corrective actions still 
took place. Further, the appraisal showed an ad hoc character and it is 
unclear how the appraisal results have been further used.  

M 

Figure 11-6: Findings ~ Case Study I 
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Figure 11-7: Radar Presentation of Case Study I Results 
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11.4.2 Analysis 
 
In this Section, the results obtained are used to validate the assumed properties of the 
methodology and its descriptive and judgmental character. 
 
 
11.4.2.1 Descriptive Character 
 
To assess the descriptive character of the methodology the information level, as input to the 
decision-making process, should be determined. In the case studied, this information level was 
near the zone of cost effectiveness as can be derived from the ‘Release Information’ process 
area [Score: Largely Satisfied]. Because of time pressure, some tests were left out, but all 
identified artefacts were implemented.  

1. Economic Perspective. When the product was released, uncertainty was still high, as not 
all tests planned had been executed. It was felt that continued testing would have been 
preferable. After the product was released, several failures and faults were found. The 
early release of the product saved the organization additional testing cost [pre-release cost 
savings], but a consequence was that post-release corrective actions were needed to 
resolve failures.  

2. Decision-making Perspective. The collective decision-making process showed identical 
positions among stakeholders. It further reveals a negotiated decision-making strategy, an 
interacting group type, and consensus as the decision rule. All stakeholders supported 
meeting the scheduled release date, thus compromising on quality, as in Figure 11-8. In 
the decision-making process itself, all stakeholders were involved. The decision-making 
process reveals a low presence of ‘challenge’ processes/strategies and a high presence of 
‘management of meaning’ processes/strategies.  

 
These observations were discussed in a feedback session and corroborated by the persons 
interviewed. It confirms the descriptive character of the methodology, as discussed in Section 
10.3. Near the zone of cost effectiveness, uncertainty is reduced and is likely to have a positive 
impact on post-release cash outflows: a product released with high reliability reduces corrective 
maintenance costs. Differences in aspiration levels are reduced, or even eliminated, and the 
decision-making process is likely to reveal a lower presence of ‘challenge’ and higher presence 
of ‘management of meaning’ processes/strategies. 
 
 

   Quality  
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 Senior Management 
Marketing 

Development 
Maintenance & Exploitation 
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Figure 11-8: Aspiration Levels of Stakeholders Involved 
 
 
11.4.2.2 Judgmental Character 
 
In this case the quality of the decision-making process was assessed as medium-to-high 
[practices concerned were assigned medium and high scores]; the availability of information, 
although below the zone of cost effectiveness, equal aspiration levels for the decision outcome, 
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all stakeholders involved in decision-making, and applying a judgmental decision strategy with 
consensus as the decision rule. The resulting score for the ‘Release Decision’ process area is 
‘Largely Satisfied’. The resulting score for the ‘Release Implementation’ process area is also 
‘Largely Satisfied’; a maintenance budget was reserved, corrective actions were taken, 
Development was officially discharged from its responsibilities, and the project was appraised. 
The overall decision success, being the sum of the quality of the decision-making process and 
the quality of decision implementation, is assessed to be medium-to-high for this case [practices 
concerned were assigned medium and high scores]. This is also true for the congruence 
between the expected and actual outcome. Although some failures were reported after product 
release, the product was afterwards relatively stable and offered the intended functionality.  
 
The methodology can indicate the areas where improvements could be made to increase 
decision success: 

1. Release Definition. Despite a delayed start and a high time pressure, Development was 
able to get a good grip on the project, working closely together with Maintenance & 
Exploitation, and supported by Marketing. The Project Steering Committee, once 
established, worked well. The release criteria were clear to all stakeholders involved, and 
attainable. Time pressure could however have been avoided by working out the 
assignment earlier. In this case more time would have been available to define the tests 
needed [including traceability] and perform all tests [‘Release Information’ process area], 
thereby increasing the information level within the zone of cost effectiveness [‘Release 
Decision’ process area].   

2. Release Implementation. More attention should have been given to the expected 
maintenance budget, and identifying the responsibility for corrective actions, when 
rolling out the product. This would have led to improvements on decision 
implementation. 

 
These observations were discussed in a feedback session and corroborated by the interviewed 
persons. This confirms the judgmental character of the methodology, as discussed in Section 
10.3. The methodology can be used to identify strengths and weaknesses of the decision-
making process and its implementation and can thus be used as the basis for identifying areas 
for improvement. 
 

11.5 Results ~ Case Study J 

11.5.1 Case Description 
 
Case J was conducted in a department of the same organization as in case I, but in another unit 
with a different application domain, another technology infrastructure and other customers. The 
case selected was the development of a new information system for salaries. An external party 
had developed the existing information system. However, the maintenance of this system was 
becoming increasingly labour intensive. The assignment given to the organization was different 
in that it did not fit in any of the organization’s programs. Prior to bringing out the offer, a 
study was conducted, resulting in a global architecture description, a blueprint and an integral 
project plan, in early 2002. These activities were carried out on an hourly basis. The offer, 
based on the blueprint, estimated the development cost to be at a medium level and scheduled 
release dates were October 1st 2003 for the internal release, January 1st 2004 for the official 
release to the customer, and May 1st 2004 end of direct support [transition to service level 
agreement]. The release date to the customer was important in the sense that, for practical 
reasons replacing the existing system with the new system could only take place at the turn of 
the year. 
 
The stakeholders as discussed in Section 5.3.3 could all be identified (Section 11.4.1). 
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 Finding Score 

1. Release Definition Process Area FS 
 Project Objectives The project started with clear, commonly accepted objectives: 

 The estimated budget and schedule were based on expert estimations. 
 The integral project plan represented the positions of all stakeholders   

The project was assessed as strategic and received much attention from 
Senior Management. If the project was not successful, this would severely 
undermine the reputation of both the customer and the organization.  

H 

 Project Control The project’s progress was continuously monitored and reported to the Project 
Steering Committee. The project was faced with change requests [33 in total]. 
These have all been managed according to a documented procedure. Each 
change request underwent an impact analysis and if the change request did 
not fit within the existing project scope, a separate offer was made. Although 
under pressure, the project did not deviate from procedure. In total, twenty-five 
change requests were accepted; two of them leading to an increased budget. 

H 

 Uncertainty 
Management 

Both in the integral project plan and in the offer starting points, assumptions 
and risks were documented. During the course of the project, uncertainties 
[addressed as risks, but probabilities could not be assigned] were managed in 
a pro-active way. A good example is the identification of possible uncertainties 
and definition of preventive measures in June 2003 for the period November-
December 2003, between the internal and external release. 

H 

 Selection of Alternatives An initial choice was to implement the information system using ‘Standard 
SAP’, with limited room for different alternatives available. As the project 
followed initial planning closely, no different courses of action were evaluated.  

H 

2. Release Information Process Area FS 
 Verification Definition Verification activities were defined in the early phases of the project. In the 

offer, audits and tests were foreseen to verify the correct implementation of 
functional and non-functional requirements. Reliability could be verified by 
comparing results of the new system with the results of the existing system, 
whereas maintainability was implicitly reached by using ‘Standard SAP’. 

H 

 Verification Implementation Defined audits and tests were further detailed and executed without exception.  H 

 Artefact Identification The standard development process used prescribes the artefacts supporting 
the software to be delivered. By reason of the peculiar character of the 
information system, a detailed list with all artefacts was created and 
maintained throughout the project.  

H 

 Artefact Implementation By following the defined standard development process and using the list as a 
reference, all identified artefacts were implemented and accepted by 
Marketing & Exploitation. 

H 

3. Release Decision Process Area FS 
 Information Perfection  The new information system was intensively tested. An advantage was the 

availability of the existing system, enabling the Development team to compare 
results. The information level was well within the cost effectiveness zone. 
Certain tests were re-executed to eliminate any uncertainties left. 

H 

 Aspiration Levels Differences in aspiration levels were identified and resolved prior to the start of 
the project. During the project expectations were monitored but did not give 
rise to different positions of stakeholders involved. At October 1st 2003 it was 
decided to cancel the contract with the external party. Enough confidence was 
gained that the new information system would meet its requirements. 

H 

 Stakeholder Involvement All relevant stakeholders were involved in the release decision. A proposal to 
release the application was signed by all stakeholders involved.  

H 

 Decision Choice Characteristics of decision-making were: a negotiated decision-making 
strategy, an interacting group type, and consensus as the decision rule. 

H 

4. Release Implementation Process Area PS 
 Maintenance Budget In the integral project plan, a budget was assigned for corrective maintenance 

activities, periodically updated during the project to reflect the newest insights.  
H 

 Product Rollout Only minor problems were found after the information system was put in use. 
They were readily identified and solved.  

H 

 Project Discharge Development has been involved in the project after the product release. No 
evidence has been found however, that Development has been officially 
discharged from its responsibilities. Development activities have continued to 
take place after May 1st 2004 [enhancing functionality].  

M 

 Project Appraisal No evidence has been found that a project appraisal was executed.  L 

 
Figure 11-9: Findings ~ Case Study J 

 
In Figure 11-9, the main findings with respect to each practice are listed. In Figure 11-10, the 
scores obtained for all practices are graphically displayed in radar.  
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Figure 11-10: Radar Presentation of Case Study J Results 

 

11.5.2 Analysis 
 
In this Section, the results obtained are used to validate the assumed properties of the 
methodology and its descriptive and judgmental character. 
 
 
11.5.2.1 Descriptive Character 
 
To assess the descriptive character of the methodology, the information level as input to the 
decision-making process should be determined. In the case studied, this information level was 
within the zone of cost effectiveness as can be derived from the ‘Release Information’ process 
area [Score: ‘Fully Satisfied’].  

1. Economic Perspective. When the product was released, uncertainty was low, as all 
planned tests had been executed. Everybody agreed that continued testing would not be 
beneficial, and some informants claimed that certain re-tests were redundant: the re-tests 
did not increase the information level regarding the implemented functionality and the 
stability of the product. After the product was released, only minor failures were found. 
The post-release corrective actions were minimal and could all be resolved without 
inconvenience for the end-users. 

2. Decision-making Perspective. The collective decision-making process showed no 
differences in positions for the decision outcome among stakeholders. It further revealed 
a negotiated decision-making strategy, an interacting group type, and consensus as the 
decision rule. The scheduled release date had to be met, but no compromises were 
allowed on the functionality and quality of the product [stability and documentation], as 
shown in Figure 11-11. All stakeholders were involved in the decision-making process. 
The decision-making process revealed a low presence of ‘challenge’ and a high presence 
of ‘management of meaning’ processes/strategies. 

 
These observations were discussed in a feedback session and corroborated by the persons 
interviewed. This confirms the descriptive character of the methodology, as discussed in 
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Section 10.3. Within or above the zone of cost effectiveness, uncertainty is reduced and this is 
likely to have a positive impact on post-release cash outflows¸ as the product is released with 
sufficiently high reliability, reducing corrective maintenance costs. Differences in aspiration 
levels are reduced or even eliminated and are likely to reveal a low presence of ‘challenge’ and 
a high presence of ‘management of meaning’ processes/strategies. 
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Figure 11-11: Aspiration Levels of Stakeholders Involved 
 
 
11.5.2.2 Judgmental Character 
 
In this case the quality of the decision-making process was high: availability of information was 
good, although below the zone of cost effectiveness, equal aspiration levels with respect to the 
decision outcome, all stakeholders involved in the decision-making, and applying a judgmental 
decision strategy with consensus as the decision rule. The resulting score for the ‘Release 
Decision’ process area is ‘Fully Satisfied’. The quality of the decision implementation was also 
medium-to-high: a maintenance budget was reserved and corrective actions were taken, 
however Development was not officially discharged from its responsibilities and the project 
was not appraised. The resultant score for the ‘Release Implementation’ process area is 
‘Partially Satisfied’. The overall decision success - the sum of the quality of the decision-
making process and the quality of decision implementation - is also high in this case. This is 
also true for the congruence between the expected and actual outcome. A few minor failures 
were reported after product release: the product was stable and gave the intended functionality 
and quality.  
 
The methodology revealed the following: 

1. Release Definition [score: FS]. The Project Steering Committee was established prior to 
the official launch of the project. The integral project plan, reviewed thoroughly by all 
stakeholders involved, eliminated possible differences in aspiration levels. The project 
plan stated clear and attainable project objectives, and provided a solid basis for the 
release criteria.  

2. Release Information [score: FS]. The available standard development process and the 
close co-operation between Development and Maintenance & Exploitation led to a sound 
level of information perfection within the zone of cost effectiveness.  

3. Release Decision [score: FS]. The availability of clear, attainable commonly-accepted 
objectives and information within the zone of effectiveness enabled the Project Steering 
Committee to make the release decision far ahead of the release date. 

4. Release Implementation [score: PS]. The release implementation itself was without any 
major problem. The only essential shortcoming found was the absence of a project 
appraisal, identifying strengths and weaknesses and possible areas for improvement. 

 
These observations were discussed in a feedback session and corroborated by the interviewed 
persons. This confirms the judgmental character of the methodology as discussed in Section 
10.3.  
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This case study offers an excellent example for validating the methodology, as the project 
studied successfully implemented most practices. The following questions arise: 

1. How can the success of the project be explained? High scores were assigned to all 
practices but the formal discharge of the project (P-D3) and an appraisal of the project (P-
D4). The absence of a formal appraisal of the project does not directly concern the quality 
of the release implementation itself, but for the success of the project it provides a good 
internal example for deriving best practices. It might be argued that the success of the 
project is remarkable, because the process capability of the department’s process 
capability was estimated to be CMM level 1-2 [limited institutionalized processes at 
project level] and the project was faced with the implementation of a new product. The 
success is however explained by reviewing the eight common failure factors for 
unsuccessful software projects as discussed in Section 4.4.1 (Figure 4-9). In the first 
place, an advantage to the project has been the availability of explicitly-stated and stable 
product requirements [eliminating failure factors 1 and 6]. Secondly, both senior 
management and users were involved from the beginning until the project end 
[eliminating failure factors 2 and 5]. In the third place, enough time was spent to derive a 
realistic and complete plan with the allocation of sufficient resources [eliminating failure 
factors 3, 4, and 7]. Fourthly, the need for the application remained present throughout 
the project [eliminating failure factor 8]. Finally, the project had another major 
advantage. The availability of an existing and operational product, allowed the 
comparison of test results with the results from the existing product. This enabled the 
project to make strong statements about the reliability of the product. Summarized, the 
project experienced some favourable conditions to make it successful, not hereby 
implying that it was an easy project. 

2. Does a relationship exist between project success and release decision success? The 
project’s conditions were favourable and it could be argued that, if this is true, the 
practices as defined in the methodology will automatically receive high scores [cause-
effect relationship]. So, a software manufacturer should not concentrate on the practices 
of the methodology but on a project’s conditions. This is an invalid argument. Excellent 
project conditions are not a guarantee for release decision success. If a project omits, for 
example, to deploy and evaluate non-function requirements sufficiently, the available 
information as input to the decision-making process might be below the zone of cost 
effectiveness. This increases uncertainty and might reveal a higher presence of 
‘challenge’ processes/strategies. There will be circumstances in which the conditions of a 
project cannot, or can only partially, be influenced. In these cases, it is still possible to 
increase release decision success by implementing the practices of the methodology. If a 
project is faced, for example, with incomplete and unstable requirements, it is still 
possible to aim for release decision success. Important practices are in this case P-A1 
[defining the project objectives], P-A2 [controlling the project], and P-A3 [managing 
uncertainties].  

3. Is the methodology complete? In this case study the important practices for the release 
decision were all satisfactorily implemented. This was discussed during the feedback 
session, but this did not reveal new insights. Project members involved recognized the 
elements contributing to release decision success. A review of the description of the 
methodology, using the data-flow diagram as presented in Figure 9-3 (Section 9.4), did 
also not identify additional elements. To increase release decision success, decision-
makers should agree on the release criteria and ensure that information perfection is 
within the zone of cost effectiveness and that the decision is successfully implemented 
once made. Additional research is needed in similar and other software manufacturer 
environments to further explore this question.  
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11.6 Review of Results 

11.6.1 Overall Conclusions 
 
The process areas of the methodology cover the important aspects of strategic software release 
decisions: defining and controlling the product development strategy [release definition], 
defining and acquiring the information needed as input for the release decision [release 
information], establishing a broad basis for the release decision outcome [release decision], and 
establishing congruence between the expected and actual release decision outcomes and 
determining lessons learned [release implementation]. Both the descriptive and judgmental 
character of the methodology are validated in the cases studied. 

 On the descriptive character of the methodology, the following conclusions are drawn: 
Below the zone of cost effectiveness, uncertainty is high and this is likely to have a 
negative impact on post-release cash outflows. This may lead to differences in aspiration 
levels and is likely to reveal a high presence of ‘challenge’ and a low presence of 
‘management of meaning’ processes/strategies. This situation is confirmed in case study 
H. When information increases, uncertainty is reduced and this is likely to have a 
positive impact on post-release cash outflows. Differences in aspiration levels are 
reduced or even eliminated and the decision-making process is likely to reveal a low 
presence of ‘challenge’ and a high presence of ‘management of meaning’ 
processes/strategies. This is confirmed in case studies I and J.  

 On the judgmental character of the methodology, the following conclusions are drawn: 
Decision success requires a high quality for the decision-making process and for decision 
implementation. In this way, it is likely there will be congruence between the expected 
and actual outcome, in meeting the objectives that gave rise to the decision. This was 
confirmed in all cases. Case H reveals a low quality for the decision-making process, and 
a relatively high quality for release implementation, however the original objectives are 
not met. Cases I and J reveal a high quality for the decision-making process and release 
implementation, both meeting the original project objectives. It is concluded that the 
judgmental character as an assumed property of the methodology is validated in a 
practical context. Using the proposed methodology, the quality of the decision-making 
process and quality of decision implementation can be determined, offering the 
possibility of assessing the strengths and weaknesses of strategic software release 
decisions. This judgmental character of the methodology offers the possibility of 
identifying areas of improvement, and meets the primary research objective of this study. 

 
Finally, the following reflections on the methodology are made: 

1. Limitations of the methodology. The methodology focuses on the decision-making 
process of software products with strategic value. The practices identified describe the 
important aspects, which need to be addressed to increase decision success [what], but 
gives limited guidance on the way these practices can be successfully implemented 
[how]. A short list of examples of supporting methods is given. The methodology does 
not pay attention to requirement engineering. Issues like how the requirements are 
elicited, how they are specified and how they are validated are not addressed. 
Implementation of the methodology does not guarantee the right product is being built. 
No explicit attention is paid to choosing the most appropriate project management or 
development methodology. Implementation of the methodology does not guarantee the 
product is being built in the right way. Focus is limited to increasing release decision 
success. 

2. Added value of the methodology. When comparing the methodology with project 
management methodologies, development methodologies, standards and models, some 
overlap can be observed. The identified practices for the ‘Release Definition’ process 
area are [partially] addressed in, for example, PRINCE2 and CMMI: defining the project 
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objectives and controlling the project’s progress during its execution. However, the 
methodology offers added value by explicitly recognizing that a) there needs to be a clear 
rationale for a project throughout its existence, b) information has its price in time and 
money, c) there is a need to reduce the aspiration levels of all stakeholders involved early 
during product development, and find consensus amongst all stakeholders when making 
the release decision, and d) product development only ends when the product has been 
successfully rolled out and lessons learned have been collected. Combining the 
economics, software management and decision-making disciplines has led to this multi-
perspective view on the study phenomenon.  

 

11.6.2 External Validity 
 
For external validity of the obtained results in the environments studied, the following 
considerations are stated. For the validation of a methodology using multiple case studies, cases 
have to be carefully selected. The objective can be to either predict similar results [literal 
replication] or to predict contradictory results under explicit conditions [theoretical replication] 
(Yin 1994, p.46). The cases selected are similar software manufacturers; selected so that the 
extent to which the practices of the defined process areas are satisfactorily implemented is 
expected to vary. The course of literal replication is followed as similar results for the 
methodology properties were expected; confirmation of the property assumptions. For the 
external validity of the results to a wider context beyond the cases studied, the following 
conclusions are drawn: 

1. Generalization of results to similar and other software manufacturer types. The first 
question to be answered is the extent to which the descriptive and judgmental character 
of the methodology can be generalized, to similar and other software manufacturer types. 
The case studies selected are software manufacturer types developing software products 
for internal use. As argued in Section 10.2.3, a review of the methodology indicated no 
practices specific to a software manufacturer type. The cases studied revealed 
environments with high pressure on both time and quality, in relatively turbulent 
environments [especially in case H], similar to environments in which, for example, 
customer software or mass-market software is developed. It is therefore considered that 
no major obstacles exist in successfully applying the methodology to other similar or 
different software manufacturer environments. 

2. Generalization of results to more routine software release decisions. The second 
question that arises is whether the conclusions are restricted to strategic software release 
decisions [non-routine decisions]. The methodology has been designed for strategic 
software release decisions, a requirement stated in Section 1.6. As discussed in Section 
4.4.3, routine decisions should not be the concern of higher-level management, and can 
probably be made at operational level. As such, the need for the establishment of a 
Project Steering Committee at tactical level to control the project, with involvement of 
Senior Management at strategic level, is limited for more routine release decisions, as 
controversial issues between different stakeholders, requiring a negotiated decision-
making strategy addressing the perspective of satisficing behaviour, is less likely. This 
methodology can be considered for more routine software release decisions, however for 
each practice it must be carefully considered if its implementation gives sufficient added 
value and whether the involvement of higher management levels is required. 

3. Generalization of results to other product development decisions. A third question that 
arises is whether the conclusions are restricted to [strategic] software release decisions. 
Could, for example, the methodology also be used for investment decisions or product 
design decisions; important milestones during product development? Although the 
methodology has been designed for strategic software release decisions, its general 
nature makes this worth considering. The methodology focuses on the decision-making 
process [‘Release Decision’ process area], extending it with defining and controlling the 
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decision objectives [‘Release Definition’ process area], the definition and collection 
process of information as input to the decision-making process [‘Release Information’ 
process area], and the implementation and evaluation of the release decision [‘Release 
Implementation’ process area]. These are common aspects of decision-making and usage 
for other product development decisions can, therefore, be considered. The underlying 
practices should, for such cases be revised to focus more specifically on the decision type 
considered. 

4. Generalization of results beyond the scope of software product development. A fourth 
question that may arise is whether the application of the methodology is limited to 
strategic release decisions for software products only. Could the methodology be useful 
in other engineering disciplines like mechanical engineering and hardware engineering 
[and their combinations with software: systems engineering] or even product 
development in general? A review of the methodology indicates no practices, which are 
specific to software [apart from the supporting methods]. However, software has certain 
specific properties. In the first place, as discussed in Section 3.2.1, software is an 
experience good: its lack of transparency introduces uncertainty to potential customers 
and end-users of the software on purpose and quality. Secondly, as discussed in Section 
3.3.2, software differs in the manner in which it fails and thus influences the verification 
and validation process, as complete testing is not realistic. These two sources of 
uncertainty are strong arguments for adopting a methodology especially in cases where 
the release decision is of strategic value. In other engineering disciplines and product 
development both uncertainty and strategic decision value can also be present, especially 
where new products are developed and introduced into the market. This indicates the 
methodology could be of interest beyond the scope of software product development.  

 

11.7 Summary and Conclusions 
 
In this Chapter, the results of the three validation case studies are presented and discussed. The 
case studies cover three different findings on the fulfilment of the practices of the process areas 
in the designed methodology. In case H, all process areas, but one, were not satisfied. In case I, 
all process areas were largely satisfied. In case J, all process areas, but one, were fully satisfied. 
The case studies confirmed both the descriptive and judgmental character of the methodology, 
hereby meeting the primary research objective of this study. 
 
Some limitations of the methodology are discussed. The methodology focuses on describing 
practices, which are considered important, but does not prescribe how they should be 
satisfactorily implemented. There is little attention to ensuring the right product is being built 
[requirements engineering], or whether the product is being built in the right way. Focus is 
limited to improving release decision success. For the added value of the methodology it is 
concluded that combining the economic, software management and decision-making disciplines 
has led to a multi-perspective view on the study phenomenon. As such, the methodology goes 
beyond the scope of existing methodologies, standards and models.  
 
The external validity of the results of the case studies is discussed, resulting in four main 
conclusions on the generalization of the results obtained. No reasons were found to limit the 
conclusions to the particular software manufacturer type found in the cases, developing 
products for internal use. The properties of the methodology are assumed to be valid beyond the 
cases studied; to either similar or other software manufacturer types. The validity of the 
methodology is not necessarily restricted to strategic software release decisions, although 
stakeholders at tactical and strategic level will play a far less important role, as routine 
decisions should be more the concern of operating management.  
 
In the next Chapter, the research results are summarized and general conclusions are drawn.  
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12 CONCLUSIONS AND RECOMMENDATIONS 
 

“The outcome of any serious research can only be to make  
two questions grow where only one grew before.” 

-- Thorstein Veblen -- 
 

12.1 Introduction 
 
The first Chapter of this thesis starts with a quotation from Brooks (1975), who writes: 
‘Complexity is the business we are in and complexity is what limits us’. Or, as Beizer (1990) 
puts it: ‘Software complexity grows to the limits of our ability to manage that complexity’. This 
appears to be true. In this study, it is found that software product development involves many 
uncertainties, stemming from different sources. Examples are performance, schedule, 
development cost, technology, market and business. This appreciably complicates the 
predictability of software product development in general, and the market entry decision in 
particular. Market entry, or the release decision, is investigated in this study. For many software 
manufacturers, especially those operating in mass markets, this is the point of no return. A 
software release decision can be seen as a trade-off between early release to capture the benefits 
of an early market introduction and the deferral of product release, to enhance functionality 
and/or improve quality. 
 
The objective of this study is to investigate how strategic software release decisions can be 
improved. A release decision is of strategic value when large prospective financial loss 
outcomes to the software manufacturer and/or the customers/end-users of the software are 
present. The study approach follows two main steps. 1.) Existing theory is studied and 
exploratory case studies are conducted. 2.) The results obtained are used to design a 
methodology with two basic requirements: a.) The methodology should enable a software 
manufacturer to understand the different aspects relevant to strategic software release decisions, 
and b.) It should offer the possibility of assessing its capability in this area, and act as an 
instrument to identify areas of possible improvement. The need to improve strategic software 
release decisions is addressed in Chapter 1; revealing the increasing impact of software on 
society, the increasing complexity of software products and the increasing importance of 
strategic software release decisions. In Part 1, Chapters 3 and 4, the results of the Exploration 
phase are described, with a study of existing theory and seven exploratory case studies. Based 
on the results obtained, the Release Decision Methodology for strategic software release 
decisions is designed in Part 2, Chapters 5 through 10. The methodology is based on three 
styles of decision-making behaviour, namely maximizing, optimizing and satisficing behaviour, 
complemented by relevant issues for decision implementation. Different process areas are 
identified in the Release Decision Methodology, and for each process area underlying 
practices are derived. Part 3, Chapter 11, describes the results of the Testing phase, in which a 
second series of case studies is conducted to validate the assumed descriptive and judgemental 
character of the methodology in a practical context.  
 
In this Chapter, the primary and secondary research questions are revisited in Section 12.2, 
while the external validity of the methodology is discussed in Section 12.3. Next, the research 
philosophy, approach and strategy are reviewed in Section 12.4. Suggestions for further 
research are identified in Section 12.5, where after closing remarks on the subtitle of this thesis 
are made in Section 12.6. 
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12.2 Review of Research Questions and Results 
 
In this Section, the answers to the four secondary research questions raised in Chapter 5 are 
summarized, and findings on the primary research question, as raised in Chapter 1, are given.  

12.2.1 1st Secondary Research Question 
 

How to model the market entry trade-off for a software product? 
 
In Chapter 6, following the perspective on maximizing behaviour, the NPVI-method is 
presented, combining existing models from the semiconductor industry with a method for the 
comparative evaluation of software development strategies, based on NPV-calculations. The 
method is tailored to software release decisions but still has a general character, so its 
applicability is not limited only to software release decisions. The method presented can be 
used for the economic valuation of different release alternatives by determining the differences 
between a test strategy and a base strategy.  The method can be extended, for example, by 
including flexibility, such as time-to-build and growth options, as another premium at the 
lowest level. Use of the method is not necessarily restricted to specific manufacturer types. 
Environmental and internal conditions under which a software manufacturer operates will 
determine the market, or demand, window and thus affect the expected cash inflows and 
outflows, while the underlying method is not influenced. 
 
The NPVI-method receives little further attention in this study after its definition in Section 6.4. 
One or more software manufacturer environments willing to validate the NPVI-method were 
sought to apply the method in commercial environments with the presence of a high 
competition level and a medium to high number of potential customers. However, two 
manufacturers who showed initial interest were environments where the researcher was active 
as a consultant at that time. As discussed in Section 2.8, it was decided not to conduct research 
in software manufacturer organizations where the researcher was, or had been, recently active 
as a consultant. Further research toward the practical applicability of the NPVI-method is 
recommended (Section 12.5). 
 

12.2.2 2nd Secondary Research Question  
 

To what extent can an optimal level of information be determined 
as input to the software release decision-making process? 

 
In Chapter 7, the concept of maximizing behaviour is further investigated. Rather than 
assuming decision-makers possess all the relevant information for making choices, information 
itself should be regarded as an input that has a price in time and money. A decision-maker is 
confronted with the problem that, apart from determining the demand and supply functions, a 
trade-off between the costs and benefits of searching for information is required. This leads to 
optimizing behaviour instead of maximizing behaviour, however it is concluded that the 
difference is marginal, as the primary objective of a decision-maker remains profit 
maximization. The point of optimality where the maximal net asset value is reached, is 
influenced by many different factors [product characteristics, applied development process, 
technology used, available resources] and a software manufacturer is confronted with problems 
in determining this point accurately, one of them the problem of infinite regress. Other 
complicating factors are the lack of proven software reliability estimation models with a 
predictive character, and the overly complex relationships between all parameters involved. To 
be able to optimize, assumptions about reality have to be made, often leading to simplifications. 
In a practical context, software manufacturers will therefore look for a zone of cost 
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effectiveness instead of the point of optimality, as, in a practical setting, this point can, neither 
ex ante, nor ex post, be accurately determined. 
 
The second series of case studies indicate that it is possible to identify a zone of cost 
effectiveness. In one case, the available information was close to the zone of cost effectiveness. 
In another case, some informants claimed that certain re-tests were redundant, as they did not 
increase the information level for the implemented functionality and stability of the product. In 
this case, an advantage to the project was the availability of relatively stable product 
requirements and the possibility of comparing test results with results from an existing product. 
This enabled strong statements about the reliability of the product, and increased the 
information level. However, in all cases studied, this zone could only be determined in 
qualitative terms, and not in quantitative terms. Further research toward mechanisms to 
determine this zone more accurately is recommended (Section 12.5). 
 

12.2.3 3rd Secondary Research Question 
 

What effects, stemming from individual and group behaviour, 
 play a role in the software release decision-making process? 

 
In Chapter 8, conclusions are drawn on effects stemming from individual and group behaviour 
in the software release decision-making process. Intra-individual conflicts arise from the 
concept of bounded rationality and lead to satisficing behaviour. The negotiated decision-
making strategy is best applicable for strategic software release decisions. A release decision 
matches well with the interacting group type. The characteristics of effective groups as 
described by McGregor (1960) are considered relevant. The proposed decision rule is 
consensus, as an important criterion is the need of support for successful implementation. On 
the political aspects of software release decisions, the different bases of power are mapped on 
the processes and strategies, as described by Stokman et al. (2000). It is argued that a high 
presence of ‘management of meaning’ and a low presence of ‘challenge’ and ‘exchange’ 
processes and strategies are favourable in strategic software release decisions. A high presence 
of ‘management of meaning’ processes and strategies implies that possible differences in 
positions, or aspiration levels, are reduced through the acceptance of convincing information. 
Several sources of conflict relevant for group decision-making are discussed, with two 
important for software release decisions, namely the inter-dependence between individuals or 
units, and the divergence of objectives. It is concluded that the availability of a commonly-
shared product development strategy, accepted by all stakeholders involved, is an important 
factor in reducing the likelihood of the presence of these sources of conflict. 
 
The issues identified are implicitly integrated in the methodology as practices. As such, they are 
addressed during the second series of case studies, with a focus on the decision-making theory 
of Stokman et al. (2000), also applicable to the decision-making process of strategic software 
release decisions. In one case, inter-dependence between two stakeholders led to a controversial 
issue and one stakeholder was therefore left out of the decision-making process. The 
responsibility for decision implementation was therefore transferred to a temporary taskforce, 
as the stakeholder removed did not want to implement the decision made. The decision-making 
process itself was characterized by the presence of ‘challenge’ processes and strategies due to 
insufficient information. In the other two cases, the decision-making process was characterized 
by a high presence of ‘management of meaning’ processes and strategies due to information 
close to, or within, the zone of cost effectiveness. Other validated characteristics of the 
decision-making process are a negotiated decision-making strategy, an interacting group type, 
with consensus as the decision rule.  
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12.2.4 4th Secondary Research Question 
 

Which issues are important to increase the likelihood of a successful implementation 
 of the software release decision? 

 
On the implementation aspects of software release decisions the following conclusions were 
drawn in Chapter 9. Decision implementation is an important factor contributing to overall 
decision success. Important issues identified for decision implementation are the 
acknowledgement that a budget upfront should be reserved for corrective actions, and that the 
implementation of the decision should be carefully monitored to ensure the actual decision 
outcome is close to the expected outcome before the project team is discharged and product 
responsibility is transferred [single-loop learning]. The decision appraisal, after the official 
discharge of development responsibilities and transfer of product responsibility, is a pre-
requisite for any software manufacturer wanting to improve its capabilities through 
organizational learning [double-loop learning]. The appraisal should not limit itself to either the 
decision-making process or the decision outcome, but include both issues, and the entire project 
history. By identifying strengths, weaknesses and possible areas for improvement, the 
organization’s memory can be augmented for use in future projects.   
 
The issues identified were all integrated into the methodology as practices. As such, they were 
validated during the second series of case studies. The reservation of a maintenance budget and 
monitoring the product rollout are confirmed as important practices where, in two cases, minor 
to major corrective actions were needed to eliminate discrepancies between the expected and 
actual decision outcome. Only in one case, was the project officially discharged and appraised, 
although no evidence was found that the results of the appraisal were archived for future use. 
This is a definite shortcoming as ‘good projects have a memory’. In this case where most 
practices were successfully implemented, a formal appraisal of the project would have given an 
instrument to identify the best practices. A consideration here could have been to promote them 
to the standard development process, thus enabling future projects to implement them and 
improve the manufacturer’s capability. 
 

12.2.5 Primary Research Question 
 
In this study, the dimensions of the problem of deciding when to release a software product are 
investigated using the existing body of knowledge, complemented by a study of current 
practices in software manufacturer organizations. The results obtained lead to the following 
definition of a strategic software decision: 

A strategic software release decision is the act of choice function in a collective, 
managerial decision-making process, deciding to transfer a software product from 
its development phase to operational use with the existence of large prospective 
financial loss outcomes to the software manufacturer and/or its customers, 
including the presence of high costs to reverse the software release decision once it 
is made. It is a non-routine decision and will normally have a long-term horizon.  

 
The results are combined with theories from different disciplines and used to propose a 
methodology to structure software release decisions. The methodology, consisting of four 
process areas with underlying practices, was validated in three case studies in a practical 
context, with this methodology having a descriptive character in the environments studied. 
When the information level in the decision-making process increases, thereby reducing 
uncertainty, the pre-release cash outflows [development cost] will increase due to continued 
testing, and the post-release cash outflows are likely to decrease [more stable product]. From a 
decision-making perspective, the presence of ‘management of meaning’ processes and strategies 
will increase, and the presence of ‘challenge’ processes and strategies will decrease.  
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It is validated in the same three case studies that the methodology, with its underlying practices, 
offers the possibility of assessing the success of a strategic software release decision in the 
environments studied and identifying which improvements lead to increased decision success. 
Especially in the first case studied, successful implementation of the first two process areas of 
the methodology could have prevented the organization from releasing a product so difficult to 
maintain that the decision was later made to start re-developing the whole product. The 
methodology offers an instrument for increasing the success of strategic software release 
decisions.  
 
If all practices are successfully implemented, the quality of the decision outcome and the quality 
of decision implementation will be within an optimal zone. Below this zone, uncertainty will be 
high and is likely to lead to challenges among stakeholders, whereas, above this zone, the costs 
of additional information are likely to be economically unjustifiable. Placement within the 
optimal zone is expected to increase the likelihood that the decision will result in the attainment 
of objectives. This judgmental character of the methodology enables a software manufacturer to 
pro-actively aim for decision success by implementing the formulated practices.  
 
It is concluded that the primary research question, as formulated in Chapter 1 of this thesis, 
‘How to improve strategic software release decisions?’ is satisfactorily answered.  
 

12.3 External Validity of the Methodology 
 
The methodology is validated in similar software manufacturer environments where software 
products are developed for internal use. A review of the methodology however indicates no 
practices specific to software manufacturers. The characteristics of a specific software 
manufacturer influence the product development strategy and market entry strategy chosen, but 
not the methodology. The product specific market and product requirements influence the 
required information level, but not the methodology. All practices derived need proper 
implementation, independent of the characteristics of the software manufacturer type, and the 
extent to which the practices are implemented follows the specific circumstances. No major 
obstacles therefore exist to applying the methodology successfully in either similar or other 
software manufacturer environments. 
 
The methodology is designed for strategic software release decisions, a requirement stated in 
Section 1.6, which is the reason to adopt Harrison’s (1987) Process Model, instead of the 
Organizational Model, as the reference model. The methodology ensures all relevant 
stakeholders, representing different perspectives, become actively involved before a project is 
started [in the proposal phase] and stay involved until the product released functions well in its 
operational environment. This multi-perspective approach enables the sharing of knowledge 
among stakeholders, and where problems arise all perspectives are represented to evaluate an 
alternative course of action. When strategic value is not as important, there is less need for a 
formal decision-making process, and this does not necessarily require the involvement of 
higher management. When considering this methodology for more routine release decisions, it 
should be carefully considered, for each practice, if its implementation gives sufficient added 
value and whether it requires the involvement of higher management levels. Taking this into 
account, the methodology can also be used for software release decisions without strategic 
value. 
 
Using the methodology is not necessarily restricted to software release decisions only. 
Although the methodology is designed for strategic software release decisions, it has a general 
nature, in focusing on the decision-making process, extending it by defining, and controlling, 
the decision objectives, the definition and collection process of information as input to the 
decision-making process, and the implementation and evaluation of the release decision. These 
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are common aspects of decision-making and its usage for other product development decisions 
can be considered, with a possible revision of the underlying practices.  
 
A review of the methodology indicates no practices specific to software. However, the lack of 
transparency on purpose and quality of software on one hand, and the verification and validation 
problems with software on the other hand, are two sources of uncertainty and are strong 
arguments to adopt a methodology especially in cases where the release decision is of strategic 
value. In other product development engineering disciplines both uncertainty and strategic 
decision value can be present as well, especially in cases where new products are developed and 
introduced to new, or existing, markets. This indicates the methodology can be of interest 
beyond the scope of software product development. Further research is needed in this area to be 
able to make stronger statements (see Section 12.5). 
 

12.4 Research Philosophy, Approach and Strategy 
 
In this Section the research philosophy, research approach and research strategy followed are 
discussed, with considerations as follow:  

1. Research Philosophy. As described in Section 2.3, it is not possible to classify this study 
as either positivistic/realistic or interpretivistic. The study incorporates characteristics of 
both philosophies. A structured approach was followed throughout this study, looking for 
facts and causes of behaviour. This is a characteristic of a positivistic philosophy. On the 
other hand, it was confirmed in the case studies, that it is difficult to obtain reliable 
quantitative data for developed products, and the processes followed, as there is general 
lack of agreement on software measurement and a lack of maturity of measurement in 
software engineering. It was, for example, often difficult, if not impossible, to retrieve 
the initially-planned schedule and pre-release cash outflows, or the actual schedule and 
pre-release cash outflows, and an indication of the post-release cash outflows needed for 
corrective maintenance.  

2. Research Approach. The research approach is classified as inductive (see Section 2.4), as 
a methodology is designed on the basis of the results obtained in the exploratory case 
studies, while facts were collected in a qualitative way as opposed to a quantitative way 
(Saunders et al. 2003, pp.86-87). The lack of maturity of measurement in software 
engineering would have made it difficult to acquire the number of samples, of sufficient 
size, required to generalize conclusions (Saunders 2003, et al. p.87). However, some 
conclusions are drawn about the external validity of the methodology, as summarized in 
Section 12.3. Having followed an inductive approach, the designed methodology is not 
seen as the only possible explanation for describing, and assessing, strategic software 
release decisions. It is likely this methodology can be further extended and refined. 

3. Research Strategy. Case studies as a research strategy offer a good opportunity to study 
software release decisions in a practical context; its primary criterion being the lack of 
research results on the study phenomenon. A major requirement is the use of multiple 
sources of evidence; in this study interviews, questionnaires and documentation. The 
questionnaires returned were often not fully completed or different informants interpreted 
questions differently. The interviews and documentation were used to complete 
information and to remove misinterpretations. The interviews are considered especially 
important. By creating an atmosphere of mutual trust valuable information was obtained, 
especially on the positions of different stakeholders in the decision-making process. In 
case of surveys as an alternative research strategy, it is questioned whether this 
information would have been obtained. In addition, as mentioned before, questionnaires 
returned were often not fully completed or different informants interpreted questions 
differently. The case study criteria used were successful in the sense that results of all 
case studies conducted could be used. The case studies have been very time-consuming. 
Several further organizations initially showed an interest in participating in this study, 
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but retracted after exploring discussions. Most participating organizations had to be 
visited more than once: preparation of the case study, interviews that could not always be 
planned for the same period (causing increased travelling), and approval and presentation 
of the results. What was the added value of the case studies in this study? In the first 
place, a review of the methodology reveals that many derived practices were based on 
the case study results of the Exploration phase (see process areas ‘Release Definition’ 
and ‘Release Information’). Secondly, the case study results have supported the 
researcher when designing the methodology by having at his disposal examples from a 
practical setting.  

 

12.5 Directions for Further Research 
 
The multi-disciplinary approach to strategic software release decisions presented is an attempt 
to describe strategic software release decisions and to offer an instrument for identifying areas 
for improvement. It offers room for further research in this area of interest. During the study, 
eight issues of particular interest are identified for further investigation, as described hereunder.  

1. Further research on the completeness of the methodology. In Section 11.5, the 
completeness of the methodology is questioned, using case J as a reference. In this case 
all relevant practices for release decision success were satisfactorily implemented. The 
feedback session with the involved project members and a review of the methodology 
did not reveal additional elements. It is however concluded that due to the limited 
number of case studies, additional research is needed in similar and other software 
manufacturer environments to further explore the completeness of the methodology.  

2. Application of the NPVI-method in a commercial environment. One of the initial 
objectives of this study was to demonstrate the possibility of defining an economic model 
illustrating the evaluation and comparison of different release alternatives. For this 
reason, the NPVI-method was defined. As explained in Section 12.2, no environments 
were found to validate the usability of this method in a practical context. Further research 
could be conducted to determine its potential benefits in a practical context, and this may 
possibly lead to further extensions and/or refinements of the method, for example, by 
integrating time-to-build and growth options (see Section 6.6). 

3. Mechanisms to more accurately determine the zone of cost effectiveness for information 
perfection. In this study, the zone of cost effectiveness is introduced for information 
perfection (Chapter 7). Below the zone of cost effectiveness, marginal value still 
outweighs marginal cost, whereas above the zone of cost effectiveness marginal cost 
outweighs marginal value. The concept of a zone of cost effectiveness is qualitatively 
used in this study, but further quantitative research in this area can be beneficial for 
software manufacturers, as this will help them make better trade-offs facing a release 
decisions: continue testing or release the product? This is a difficult issue to investigate, 
however one could focus, for example on the measures needed for evaluating reliability 
and maintainability dependent on associated risk levels [An extension on the work of Rae 
and Robert (1995)]. 

4. Factors that influence the aspiration levels of stakeholders identified. The presence of 
uncertainty due to imperfect information and cognitive limitations on one hand and the 
presence of sources of conflict on the other hand might give rise to different aspiration 
levels for stakeholders involved in a release decision, as discussed in Chapter 8. In this 
study, some time was spent on trying to identify factors, which influence the different 
aspiration levels of the stakeholders identified. However, as this was not explicitly 
addressed in the exploratory case studies, insufficient evidence was available to make 
any strong statements. Further research in this area may give more insight into potential 
sources for aspiration level differences, which might facilitate the reduction, or even 
elimination, of these differences.  



 

 

216

5. Models to predict the pre-release level of reliability and the post-release maintenance 
effort. In this study, it has been repeatedly stressed that software manufacturers are 
confronted with serious problems when trying to report the pre-release level of product 
reliability obtained and the expected post-release maintenance cost, based on the level of 
reliability and the maintainability of the resulting product. The applicability of existing 
theory is limited (Chapter 3), and the exploratory case studies confirm this to be a 
problem area (Chapter 4). This hampers the determination of the zone of cost 
effectiveness, especially for larger and more complex software products. This problem 
area has been known for decades, but no solution has been proposed that has found wide 
acceptance. The ‘traditional’ development methods are not able to cope with this, 
possibly implying that the release trade-off question will become more difficult in the 
near future due to increasing uncertainty. It might be worthwhile, although ambitious, to 
pursue research in the area of totally new development approaches, eliminating, or at 
least reducing, this uncertainty level and moving in he decision-making process from 
complete uncertainty to informed uncertainty. 

6. Research into the possible correlation between decision characterization of software 
release decisions and the process maturity level. In Section 4.4.3 the question is raised 
whether a correlation between decision type and process maturity exists. Will higher 
process maturity change a non-routine decision type to a routine decision type? 
Motivation might be the improved control of the development process. For example, the 
availability of historical data should make much stronger predictions about the reliability 
level possible, through the use of software reliability prediction models like 
COQUALMO (Chulani 1999) and Orthogonal Defect Classification (Chillarege et al. 
1992) and approaches like Bayesian nets (Fenton and Neil 2001) and Goal Structuring 
Notation (Kelly 1998), see Section 3.3.2, thus reducing uncertainties in the decision-
making process. The exploratory case studies gave no answer to this question, but it 
would be interesting to investigate whether increased process capability leads to this 
phenomenon. If so, it would reveal a strong argument for investing in process 
improvement. A related aspect is how higher process maturity influences the zone of cost 
effectiveness. In Section 10.3, it is argued that higher maturity would lead to a less 
uncertain and less expensive zone of cost effectiveness, and decision-making, 
increasingly based on sharing convincing information. This might be interesting to 
further investigate as well, as it also builds a strong case for process improvement 
investments. 

7. Applicability of the designed methodology to other engineering domains. Discussing the 
external validity of the designed methodology, the question is raised whether the validity 
of the methodology might go beyond the context of software development. This question 
has remained unanswered. It could be worth pursuing this question further to find a 
satisfactory answer. Further research could identify the extent to which other engineering 
disciplines could benefit from this methodology, and possibly identify important 
differences. 

8. Integration with theories covering other life-cycle stages. In the life-cycle approach to 
software products, theories and supporting methods, methodologies and techniques are 
developed to optimize the efficient and effective development and maintenance of 
software products throughout the life-cycle; from strategic planning, through 
development, through operations and through to end-of-life decisions (Berghout 2002). 
Notable recent publications are: 
- On strategic planning:  

‘Evaluation of information system proposals: design of a decision support method’ 
(Berghout 1997); 

- On development:  
‘Product focused software process improvement’ (Solingen 2000); 

- On operations:  
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‘The Alignment of Operational ICT’ (Klompé 2003). 
A direction for future research might be to integrate the different theories into one 
coherent theory covering the entire life-cycle, which could be performed in a step-wise 
approach, for example, by first studying the relationship of this proposed methodology to 
other theories.  
 

12.6 Closing Remark: Do the Numbers Really Matter? 
 
The subtitle of this thesis is ‘Do the numbers really matter?’ Of course they matter. Identifying 
the numbers and developing the methods to interpret them should be a prominent issue for 
Information Systems (IS) and Software Engineering (SE) research. In general, software 
manufacturers will only invest in the development of new software products when the expected 
net present value of their investments is positive. This is true, both for software manufacturers, 
selling their developed software products to external customers, and for software manufacturers 
investing in software products [information technology], to improve the efficiency and/or 
effectiveness of their internal organization.  
 
However, in a practical context, the determination of the optimal release time from a 
quantitative, financial perspective is difficult, if not almost impossible, due to complete 
uncertainty, as opposed to certainty, or informed uncertainty (Section 4.4.3). Sources of this 
uncertainty are threefold.  

 The state of the art in software engineering technology is such that building software 
components and products in a predictable way with predictable behaviour is uncommon. 
Although new innovations may be, or become, available, their application in the software 
industry is severely limited at this stage.  

 Information has its price in time and cost, forcing decision-makers to make a trade-off 
between search costs and opportunity costs.  

 Decision-makers simplify the real world, as they cannot escape the diverse psychological 
forces that influence individual behaviour. Combined with the potential presence of 
sources of conflict, this may lead to the situation where different stakeholders experience 
difference aspiration levels. As such, satisficing behaviour where decision-makers try to 
find consensus and choose a satisfactory release alternative is a good characterisation of 
the software release decision-making process found in the environments studied.  

 
The focus of this study is to address software release decisions from a quantitative, economic 
perspective on one hand and from a qualitative, decision-making perspective on the other hand. 
Increased attention to numbers, by gathering valid information [including historical data] to 
compare, and evaluate, different release alternatives [for example, the presented NPVI-method] 
and sharing the results among decision-makers is important to reduce uncertainty levels to a 
more acceptable level, so differences in aspiration levels of stakeholders involved in the 
decision-making process, are reduced, or eliminated, through convincing information. This is 
an important contribution to reducing uncertainty, and thus minimizing situations where people 
lives are put at risk, especially for software products where reliability, safety and security are 
important non-functional requirements.  
 
The results of this study are a contribution towards improving the capability of software 
manufacturers, by offering a methodology that helps understand, assess and improve their 
software release decision-making processes. However, successful adoption of the methodology 
requires that software manufacturers reach the zone of cost effectiveness for the perfection of 
information; a zone where numbers make business sense, and can be convincingly used to 
support informed decision-making. It is likely that uncertainty will increase due to ever-
increasing software size, and the absence of substantial improvements in defect potentials and 
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removal efficiencies. Without the availability, and successful adoption, of ways to significantly 
improve software productivity and software quality, it will become more complex for software 
manufacturers to attain release decision success. In such a situation it is likely that the release 
decision-making process will be dominated by a high presence of ‘challenge’ processes and 
strategies and that the numbers will be increasingly less complete and less reliable: they still 
matter but have less value and will probably be ignored, leading to intuitive decision-making 
instead of informed decision-making. 
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EPILOGUE 
 

“Time wasted is existence; used is life.” 
-- Edward Young -- 

 
 
Original Objectives 
 
People have personal reasons for conducting PhD research. Some people see obtaining a degree 
as a necessary step in pursuing an academic career; others are driven to make a contribution to 
the existing body of knowledge; others may want to satisfy a need to be at the leading edge of 
their research phenomenon. Other reasons or combinations of reasons will exist.  
 
What were my reasons? I found two:  

 The first reason was to try to slow myself down. I have always put pressure on myself to 
finish my work well and quickly, irrelevant of whether I had to finish it quickly. I prefer 
an empty head and desk, but as soon as I start to reach this situation, I start, fanatically, to 
think of something new to undertake. It may be a compulsive need for growth. So, a 
research project was a new experience. My desk was not empty during these research 
years and my head has been continuously tortured with the subject of my research.  

 The second reason was that I enjoy this type of creative journey. In my professional 
career over the previous two decades, there was always an urge to convert creative ideas 
into quick business results. This hampered the creative process and prevented me 
exploring a subject in depth. My objective in this research was to investigate an 
interesting subject thoroughly, and enjoy the voyage of discovery, without being bothered 
by the question of whether there is a clear business case for the results. I have always 
strived to make a contribution to the body of knowledge, although, when looking back, I 
may well have learned more about research philosophies, approaches and strategies, and 
about myself.  

 
 
Evaluation  
 
The journey is over. It lasted more than 3 years, but I experienced it as far longer. 37,684 
kilometres by car and train, 26 overnight stays, purchase of 55 books [2 excellent and 46 
absolutely worthless], 28 articles published, mostly in popular Dutch and Swiss magazines but 
also one in the refereed Software Quality Professional [co-authored by a person from one of the 
exploratory case studies], 5 presentations at international conferences [London twice, Rome, 
Eindhoven and Amsterdam] with 2 still planned [Moscow in 2005 and Nashville in 2006], and 
close on 300,000 words written. This information is neither complete nor altogether reliable. In 
fact, these numbers do not matter at all! The objective was neither to maximize any number nor 
to optimize among different parameters.  
 
A final question needs to be answered. Did I meet my objectives in starting this journey? The 
first reason was to slow myself down. Objective met? Yes and no. I have never felt the pressure 
to finish this journey as fast as possible. The contrary is the case. Extending the research would 
not have been a problem, although I was disappointed in not finding financial funding for this 
[at least in my eyes] important study. On the other hand, combining research with consulting 
activities has not always been an easy task, especially when both activities take place abroad. 
The result has been long working days during specific periods of time, much travelling in 
Switzerland and between The Netherlands and Switzerland, and staying over in very different 
types of hotels and pensions ranging from cheap, quiet and comfortable [mainly in Germany] to 
expensive, noisy and very uncomfortable [mainly in The Netherlands].  
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The second reason to start this thesis was to enjoy this creative journey. Objective met? 
Definitely yes! I have learned a lot about doing proper research, extended my knowledge in the 
field of software management/engineering, and was introduced to relatively new disciplines 
like economics and [social] psychology. In retrospect the most enjoyable part has been writing 
this thesis. It had a striking resemblance to solving a jigsaw puzzle without a picture at hand of 
the end result, only a background to the subject. At the start, one is eager to sketch the outline 
and the first parts are written without too much effort; they are the easy parts. In the next phase, 
one starts realising the difficulties and the amount of work still ahead, but at the same time 
knowing, or at least hoping, there will be an end. When the end result comes into sight, one 
cannot be stopped anymore and acceleration takes place. And finally, once finished, one looks 
back, and asks one’s self; did I waste my precious time or has this all been worth the effort? 
Yes, it has satisfied my personal aspiration level and impacted the direction of my future career 
considerably. On January 1st of this year, I started to work as a Visiting Scientist for the 
Software Engineering Institute with the objective of continuing my research activities.  
 
What about the release of this thesis? Principally, the same trade-off applies; release now or 
later? Releasing it too early means high maintenance and repair costs later, with more sessions 
probably needing to discuss things [increased travelling], releasing it too late is also a waste of 
scarce resources [my time]. Looking back, I think I have released the first version below the 
zone of cost effectiveness; too early. I was confronted with time pressure, by scheduling the 
first release date before 1st January 2005. As a result, the first two reviewers, Egon and Rini, 
had to go through a relatively low-quality document, meaning most of their review work had to 
be re-done when confronted with the second version, and rather drastic changes. I apologize for 
this, knowing they had to incur most post-release costs. I promise I will not make the same 
mistake in my next PhD research. Another research project? Yes, I would like to study the 
history of astronomical clocks and the different mathematical models that can be used to design 
them. But first, I would like a small break. 

 
Finally, I conclude with a Reuters’ press release that caught my eye when completing this 
thesis. It again illustrates, and emphasizes, the importance of further studies in the area of 
release decisions. 

 
 

_____________________________ 
 
 “DaimlerChrysler Recalls 1.3 Million Mercedes Vehicles” 
 
By REUTERS  
 
Published: March 31, 2005 
 
FRANKFURT, March 31 (Reuters) - U.S.-German carmaker DaimlerChrysler is recalling 1.3 
million Mercedes cars as it tries to fix quality issues that are riddling its German luxury car 
division, it said on Thursday.  
 
In its biggest ever recall, DaimlerChrysler will recall the Mercedes cars in several model ranges 
worldwide to fix problems with alternators and batteries. They do not affect the cars’ safety, 
according to the supplier, car-parts maker Robert Bosch.  
 
Mercedes chief Eckhard Cordes, who said earlier this year that his drive to resolve the quality 
problems would hit this year’s earnings, said the cars Mercedes now makes are of high quality 
and that the recall addressed legacy problems.  
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“We are now producing the best product quality ever and our aim is to ensure that those 
vehicles in the hands of customers which are the cause of complaints achieve a standard of 
quality that reflects our highest expectations,” he said in a statement.  
 
DaimlerChrysler declined to say how much the recall would cost but Georg Stuerzer, an analyst 
at HVB Group in Munich, estimated it could be in the hundreds of millions of euros.  
 
“On this kind of scale I expect the cost to run into the three-digit million-euro range. The 
quality campaign will weigh further on the company’s first quarter,” said Stuerzer, who rates 
the stock ‘outperform’ with a price target of 39 euros.  
 
Shares in DaimlerChrysler dipped after news of the recall, paring earlier gains to trade up 0.1 
percent at 34.51 euros by 14:17 GMT, in line with the blue-chip DAX index, which was 0.2 
percent higher.  
 
Mercedes said it would check and if necessary replace the voltage regulator in the alternator on 
vehicles with six- and eight-cylinder petrol engines built between June 2001 and November 
2004 in the recall.  
 
The carmaker will install new battery-control software on E-class and CLS-class models made 
from January 2002 to January 2005. In addition, it will update the braking system on current E-
class, SL-class and CLS-class models, made since June 2001.  
 
Mercedes has traditionally been Daimler’s most lucrative business, but a collapse in profits at 
the division caused DamilerChrysler to miss analysts’ expectations for fourth-quarter profit.  
 
Mercedes’ profits have been hit by a strong euro, the cost of launching new models, and 
increased spending to fix quality problems, as well as losses at its Smart minicar brand, for 
which it is working on a strategic review.  

 
_____________________________ 
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APPENDIX A: CASE STUDY PROTOCOL 
 
 
A1. Questionnaires 
 
Two questionnaires, prepared in advance, are used during the case studies:  

1. The first questionnaire, with open-ended questions, is used to obtain background 
information from the software manufacturer in the case study; on characteristics of the 
software manufacturer’s organization, characteristics of products developed, 
characteristics of the market, and a high-level description of the selected project(s). 

2. The second questionnaire, with open and closed-end questions, is distributed to 
informants selected in each project, prior to the interview. See Appendix B for the 
questionnaire used in the first set of case studies in the Exploration phase, and Appendix 
D for the questionnaire used in the second set of case studies in the Testing phase. 

 
 
A2. Preparation 
 
In each case study selected, an internal coordinator, in the organization of the software 
manufacturer, is identified, to act as the direct contact person during the entire case study.  
 
The researcher and the internal coordinator prepare the case study through the following 
activities: 

 Determine the characteristics of the software manufacturer organization, the products 
being developed and the market, using the first questionnaire. 

 Determine the unit of analysis [single project or multiple projects] and project(s) 
involved. 

 Select informants to be interviewed. For each selected project the following informants 
are considered important [there is flexibility to also select other people]: 
- Senior management representative, responsible for the strategy and product 

roadmap; 
- Marketing: responsible for investigation of the market place for the software 

application [e.g. competition, customer needs, prices and quantities]; 
- Development: responsible for the development of the software product [project 

leader], person responsible for the definition, and correct implementation, of the 
software architecture [software architect]; person responsible for the verification of 
the correct implementation of requirements [test manager]; 

- Maintenance & Exploitation: person responsible for maintaining and exploiting the 
software product after its release.  

 Distribute a brief description of the research study to all informants, with the objectives 
of the overall research in general, and the case study in particular, the procedure, and the 
questionnaire with different categories of questions, so informants can prepare 
themselves appropriately. 

 Plan interviews [date, time, and selection of interview room]. Average interview - 2.0 
hours. 

 Identify relevant documentation for study by the researcher [e.g. process descriptions, 
minutes of meetings]. 
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A3. Interviews 
 
Interviews may be either with one informant [‘one on one’] or with multiple informants. 
Multiple informants in one interview will only be allowed if they can speak freely [no political 
or hierarchical obstacles between informants]. Multiple informants are in one interview session, 
should the unit of analysis involve more than one project. In this case informants of different 
projects, fulfilling the same role [e.g. development project leader], might be present in the same 
interview session. Each interview is digitally recorded. 
 
The researcher starts each interview by briefly explaining the objectives, and the procedure of 
the interview. Further questions from informant(s) are answered.  
 
The researcher conducts the interview by asking questions, using the questionnaire as a 
guideline. The need for interpretation and cross-checking is considered important here. The 
questions to be elaborated depend on the role of the informant in the organization/project, and 
specific issues raised during an interview. The researcher conducting the interview, can, at any 
time, decide to ask additional questions, if of the opinion that further relevant information could 
be elicited. Every informant is free to reply, but in irrelevant discussions between informants 
the researcher can intervene.  
 
At the end of the interview, informants are given the opportunity to supply supplementary 
information on issues that have, in their opinion, not been sufficiently addressed.  
 
 
A4. Documentation 
 
The research is supported by documentation as far as possible. Examples of documentation are 
the description of the business case, the project plan, and minutes of meetings where the 
business case, the project plan/status and the release of a software application are discussed.  
 
 
A5. Report 
 
When all interviews of a particular case study have been completed, the researcher will write a 
case report within four weeks after the final interview. The case report will be distributed to 
persons interviewed, by the coordinator of each participating software manufacturer. The 
software manufacturer will be asked to formally agree to the contents of the case report within 
four weeks. For any supposed deficiencies, or contentious points, the researcher will react 
within two weeks, either by acknowledging and fixing the deficiency, or by demonstrating that 
there is no deficiency. If no agreement can be reached between the software manufacturer and 
the researcher on the contents of the case study report, the results of the entire case study will 
be rejected and not be further used in the research project. 
 
 
A6. Confidentiality 
 
The data obtained in each case study will be confidential. All interview reports, supplied 
documentation and the final case reports will be archived by the researcher in a safe place, and 
be destroyed two months after the research project ends. Each software manufacturer 
participating in a case study is free to use the contents of the case study report internally and/or 
externally. 
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APPENDIX B: QUESTIONNAIRE 1 
 
Part I: Product Definition 
 
Id. Question 
1. Does the organization or the project have a documented process in place to define the scope of the project?  

 Yes 
 No 
 Do not know 

2. Does each project need to have a business case, stating expected benefits versus costs? 
 Yes 
 No 
 Do not know 

3. Was a business case developed for this project? 
 Yes 
 No 
 Do not know 

4. Which stakeholders were involved in defining the project constraints and product requirements? 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
 

5 Which expectations, constraints and requirements were defined and which priorities were assigned to them  
[1: Very low - 5: Very high]? 

 Expected revenue 1     2     3     4     5 O     Do not know 
 Functional requirements 1     2     3     4     5 O     Do not know 
 Reliability                            1     2     3     4     5 O     Do not know 
 Maintainability 1     2     3     4     5 O     Do not know 
 Time-to-market 1     2     3     4     5 O     Do not know 
 Development cost 1     2     3     4     5 O     Do not know 
 Operational cost 1     2     3     4     5 O     Do not know 
 Compliance with standards  1     2     3     4     5 O     Do not know 
 Other(s):  _____________________________ 1     2     3     4     5  

6. In case the product developed is a subsequent version, what were the priorities of the first version? 
 Revenue 1     2     3     4     5 O     Do not know 
 Functional requirements 1     2     3     4     5 O     Do not know 
 Reliability                            1     2     3     4     5 O     Do not know 
 Maintainability 1     2     3     4     5 O     Do not know 
 Time-to-market 1     2     3     4     5 O     Do not know 
 Development cost 1     2     3     4     5 O     Do not know 
 Operational cost 1     2     3     4     5 O     Do not know 
 Compliance with standards  1     2     3     4     5 O     Do not know 
 Other(s):  _____________________________ 1     2     3     4     5  

7. In case the product developed is the first version, what will the priorities be of future versions? 
 Revenue 1     2     3     4     5 O     Do not know 
 Functional requirements 1     2     3     4     5 O     Do not know 
 Reliability                            1     2     3     4     5 O     Do not know 
 Maintainability 1     2     3     4     5 O     Do not know 
 Time-to-market 1     2     3     4     5 O     Do not know 
 Development cost 1     2     3     4     5 O     Do not know 
 Operational cost 1     2     3     4     5 O     Do not know 
 Compliance with standards  1     2     3     4     5 O     Do not know 
 Other(s):  _____________________________ 1     2     3     4     5  

8. How were the estimates for effort and schedule derived? 
_______________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

9. Was enough time spent on deriving estimates for effort and schedule? 
 Yes 
 No, because: ________________________________________________________________________ 
 Do not know 

10. Were different project alternatives considered? 
 Yes, namely: ________________________________________________________________________ 
 No 
 Do not know 
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Part IIa: Product Design 
 
Id. Question 
1. Were different architecture or design alternatives considered? 

 Yes, namely: _________________________________________________________________________ 
 No 
 Do not know 

2. 
 

How were the reliability requirements addressed in the software architecture? 
________________________________________________________________________________________ 
___________________________________________________________________         O     Do not know 

3. How were the reliability requirements addressed at component level? 
_____________________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

4. How were the maintainability requirements addressed in the software architecture? 
________________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

5. How were the maintainability requirements addressed at component level? 
_________________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

 
Part IIb: Product Realization and Testing 
 
Id. Question 
6. Was the business case kept up to date during product implementation and test? 

 Yes 
 No 
 Do not know 

7. How were the reliability requirements evaluated during implementation and test? 
________________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

8. To which extent was the level of reliability known at the release moment?  
Not at all         1       2       3       4       5       Very much                O     Do not know 

9. How were the maintainability requirements evaluated during implementation and test? 
________________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

10. To which extent was the level of corrective maintainability known at the release moment?  
Not at all         1       2       3       4       5       Very much                O     Do not know 

11. To which extent was it known what the costs are to repair a defect after the software has been released? 
Not at all         1       2       3       4       5       Very much                O     Do not know 

12. To which extent was the level of adaptive/perfective maintainability known at the release moment?  
Not at all         1       2       3       4       5       Very much                O     Do not know 

 



APPENDIX B: QUESTIONNAIRE 1 
 

 

226

Part III: Product Release 
 
Id. Question 
1. Does your organization or the project considered have a formal process in place for release decision-making? 

 Yes 
 No 
 Do not know 

2. Was a formal decision process followed to arrive at the release decision? 
 Yes 
 No 
 Do not know 

3. Were different release alternatives considered? 
 Yes, namely: _________________________________________________________________________ 
 No 
 Do not know 

4. Describe how the decision to release the software was made (especially how alternatives were compared). 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
 

5. Which stakeholders were involved in making the release decision? 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
________________________________________________________________________________________ 
 

6. Was the release decision based purely on rational thinking? 
 Yes 
 No, because: _________________________________________________________________________ 
 Do not know 

7. Was the release decision based on a cost-benefit analysis? 
 Yes 
 No, because: _________________________________________________________________________ 
 Do not know 

8. 
 

Was the release decision made under time pressure? 
 Yes 
 No 
 Do not know 

9. Was the level of available information sufficient to make the release decision? 
 Yes 
 No, because: _________________________________________________________________________ 
 Do not know 

10. Did you consider the release decision a routine decision? 
 Yes, because: ________________________________________________________________________ 
 No,  because:  ________________________________________________________________________ 
 Do not know 

11. Did you consider the release decision a recurring decision? 
 Yes, because:  ________________________________________________________________________ 
 No,  because:  ________________________________________________________________________ 
 Do not know 

12. Could all possible release alternatives be considered, including the probability of criteria considered? 
 Yes 
 No, because: _________________________________________________________________________ 
 Do not know 

13. How many times was the release decision considered? 
___________________________________________________________________        O     Do not know 

14. Were the originally stated project objectives met? 
Not at all         1       2       3       4       5       Very much                O     Do not know 

15. If the originally stated project objectives were not met, what were the reasons for any discrepancies? 
_______________________________________________________________________________________ 
___________________________________________________________________       O     Do not know 
 

16. How do you assess the quality of the release decision-making process? 
Very low         1       2       3       4       5       Very high                O     Do not know 

17. How do you assess the rightness of the outcome of the release decision-making process? 
Very low         1       2       3       4       5       Very high                O     Do not know 
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Part IV: Product Rollout 
 
Id. Question 
1. Does your organization or the project considered have a formal process in place for product rollout? 

 Yes 
 No 
 Do not know 

2. Was a formal decision process followed rollout the product? 
 Yes 
 No 
 Do not know 

3. Were detected defects after the software release implementation archived in a repository? 
 Yes 
 No 
 Do not know 

4. Were detected defects after the software release implementation analysed? 
 Yes 
 No 
 Do not know 

5. Were analysed defects used to remove process deficiencies? 
 Yes 
 No 
 Do not know 

6. Has the project been or will the project be evaluated? 
 Yes 
 No 
 Do not know 

7. Has the initial business case been or will the initial business case be evaluated? 
 Yes 
 No 
 Do not know 

8. Define possible improvements for the release decision-making process: 
1. _____________________________________________________________________________________ 
2. _____________________________________________________________________________________ 
3. _____________________________________________________________________________________ 
4. _____________________________________________________________________________________ 
 

9. Do you consider this research and its results to be relevant for your organization? 
 
Not at all       1       2       3       4       5       Very much                O     Do not know 
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APPENDIX C: CROSS-REFERENCE - QUESTIONNAIRE 1 
 

 
Exploratory case study question Questions 
1. Which product development strategies do different software 

manufacturer types use? 
I.5 – I.7 

2. Do laws-like generalizations for product development 
strategies exist like Moore’s model? 

I.5 – I.7 

3. Which market entry strategies do different software 
manufacturer types use? 

III.3 – III.4 

4. Which methods are used to estimate development cost and 
schedule? 

I.8 – I.9 

5. Are different project and design alternatives considered? I.10, II.1 
6. To which extent are reliability requirements defined, deployed 

and evaluated? 
II.2 – II.3, II.7 – II.8 

7. To which extent are maintainability requirements defined, 
deployed and evaluated? 

II.4 – II.5, II.9 – II.12 

8. How do software manufacturers estimate post-release 
operational cost for short-term corrective activities and long-
term product enhancements prior to the release decision? 

II.10 – II.12 

9. To which extent is a formal collective decision-making 
process applied to software release decisions?  

I.1, III.1 – III.2,  
IV.1 – IV.2 

10. How can a software release decision be characterized? III.10 – III.13 
11. Which decision-making models apply to software release 

decisions? 
III.5 – III.14 

12. Which models of choice are used for software release 
decisions? 

III.3 – III.4 

 
Figure C-1: Cross-reference between exploratory Case Study Questions and 

Questionnaire 1 
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APPENDIX D: QUESTIONNAIRE 2 
 
Part I: Project Start (available information)  
 
Id. Question 
1. What were the objectives for developing the product? 

___________________________________________________________  O     Do not know 
2. How strategic was the development of the product to the organization? 

Not at all       1       2       3       4       5       Very much                O     Do not know 
3. For which market was the product initially expected to be developed? 

 Internal product Embedded: Yes / No 
 Mass-market (B2C) software or firmware Embedded: Yes / No 
 Commercial (B2B) software or firmware Embedded: Yes / No 
 Other(s)  ______________________________________________________ Embedded: Yes / No 
 Do not know 

4. What was the initially expected number of customers/end-users for the product? 
____________                                                                      O     Do not know 

5. What was the initially expected level of competition from other software manufacturers? 
None       1       2       3       4       5       Very high                O     Do not know 

6. Was the product developed on basis of a contract? 
 No 
 Yes, explanation: ___________________________________________________________________ 
 Do not know 

7. Which criteria were initially considered important [1: Very low - 5: Very high]? 
 Revenue 1     2     3     4     5 O     Do not know 
 Functional requirements 1     2     3     4     5 O     Do not know 
 Quality level                            1     2     3     4     5 O     Do not know 
 Time-to-market 1     2     3     4     5 O     Do not know 
 Development cost 1     2     3     4     5 O     Do not know 
 Operational cost 1     2     3     4     5 O     Do not know 
 Compliance with standards  1     2     3     4     5 O     Do not know 
 Other(s):  _____________________________ 1     2     3     4     5  

8. What was the initially expected product size (function points, lines of code, other)? 
_________________________________________________  O     Do not know 

9. What was the initially expected product lifetime? 
_________________________________________________  O     Do not know 

10. What was the initially expected revenue?  
_________________________________________________  O     Do not know 

11. What was the initially expected development time?  
_________________________________________________  O     Do not know 

12. What was the initially expected development cost?  
_________________________________________________  O     Do not know 

13. What was the initially expected operational cost?  
_________________________________________________  O     Do not know 

14. Which financial models were used for the initial cost/benefit calculation (NPV, IRR, other)? 
___________________________________________________________  O     Do not know 

15. Which software cost estimation models were used to plan the project (COCOMO, SLIM, other)? 
___________________________________________________________  O     Do not know 

16. Were different project/product alternatives evaluated using the defined criteria (see question 7) as a reference? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

17. To which extent were risks/uncertainties present when the project start decision was made? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

18. To which extent were appropriate measures defined to reduce the identified risks/uncertainties? 
Not at all       1       2       3       4       5       Very much                O     Do not know 
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Part II: Project Start (decision-making process) 
 
Id. Question 
1. Which stakeholders were involved in deciding whether to start the project or not?  

 Senior management representative(s) 
 Product Management representative(s) 
 Market/Customer/End-user representative(s) 
 Project leader(s) development 
 Responsible person(s) for operation/maintenance 
 Other(s)  _____________________________________________________ Group size:  ____ 

2. Were to your opinion any important stakeholders missing? 
 No 
 Yes, namely: ______________________________________________________________________ 
 Do not know 

3. How much did the opinions of stakeholders diverge prior to the project start decision? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

4. 
 

How complete and reliable was the available information as input for the project start decision? 
Not at all       1       2       3       4       5       Very complete and reliable                O     Do not know 

5. What was the primary reason to stop the search process for additional information? 
 Level of available information sufficiently high 
 Time pressure 
 Budget constraint 
 Other(s)  __________________________________________________________________________ 
 Do not know 

6. To which extent did stakeholders accept the available information? 
Not at all       1       2       3       4       5       Completely                O     Do not know 

7. To which extent did stakeholders change their initial position because of available information? 
Not at all       1       2       3       4       5       Completely               O     Do not know 

8. To which extent did stakeholders change their initial position in exchange of favours? 
Not at all       1       2       3       4       5       Completely               O     Do not know 

9. To which extent did stakeholders change their initial position because other stakeholders challenged them? 
Not at all       1       2       3       4       5       Completely              O     Do not know 

10. Which rule was applied in deciding to accept the project? 
 Majority Vote (the option with the highest number of votes is selected) 
 Delegation (one person is appointed to make the decision) 
 Negotiation (compromise to a middle position) 
 Spontaneous agreement (a decision is arrived at without considering the decision factors) 
 Arbitrary (decision is made by some arbitrary means, such as flipping a coin) 
 Decision leader decides without discussion 
 Decision leader decides after discussion 
 Consensus (a state of mutual agreement is reached) 
 Other(s) __________________________________________________________________________ 
 Do not know 

11. To which extent was the project start decision made based upon the available quantitative information? 
Not at all       1       2       3       4       5       Completely                O     Do not know 

12. How much did the opinions of stakeholders diverge after the decision to start the project was made? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

13. To which extent were measures defined and implemented reduce any differences in stakeholder opinions? 
Not at all       1       2       3       4       5       Very much                O     Do not know 
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Part III: Product Development (monitoring market situation and project status) 
 
Id. Question (market situation related) 
1. Which stakeholders were involved to monitor the market situation during product development?  

 Senior management representative(s) 
 Product Management representative(s) 
 Market/Customer/End-user representative(s) 
 Project leader(s) development 
 Responsible person(s) for operation/maintenance 
 Other(s)  _____________________________________________________ Group size:  ____ 

2. Were to your opinion any important stakeholders missing? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

3. How frequently was the actual market situation compared with the initially expected situation? 
_________________________________________________________________ O     Do not know 

4. How frequently did this comparison lead to a redefinition of the business case and/or project scope? 
_________________________________________________________________ O     Do not know 

5. To which extent were activities defined to collect market information prior to the release decision? 
Not at all         1       2       3       4       5       Completely                O     Do not know 

Id. Question (project status related) 
6. Which stakeholders were involved to monitor the project status during product development?  

 Senior management representative(s) 
 Product Management representative(s) 
 Market/Customer/End-user representative(s) 
 Project leader(s) development 
 Responsible person(s) for operation/maintenance 
 Other(s)  _____________________________________________________ Group size:  ____ 

7. Were to your opinion any important stakeholders missing? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

8. To which extent were measures defined and implemented to reduce any differences in stakeholder opinions? 
Not at all         1       2       3       4       5       Very much                O     Do not know 

9. How frequently was the actual project status compared with the initially expected situation? 
_________________________________________________________________ O     Do not know 

10. How frequently did this comparison lead to a redefinition of the business case and/or project scope? 
_________________________________________________________________ O     Do not know 

11. To which extent were activities defined to collect product information prior to the release decision? 
Not at all         1       2       3       4       5       Completely                O     Do not know 

12 To which extent were these defined activities (question 11) successfully implemented? 
Not at all         1       2       3       4       5       Completely                O     Do not know 

13. To which extent were activities defined to collect supporting product information prior to the release decision? 
Not at all         1       2       3       4       5       Completely                O     Do not know 

14. To which extent were these defined activities (question 13) successfully implemented? 
Not at all         1       2       3       4       5       Completely            O     Do not know 

15. Were different project/product alternatives evaluated using updated criteria (see question I.7) as a reference? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

16. To which extent were risks/uncertainties identified during product development? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

17. To which extent were appropriate measures defined to reduce the identified risks/uncertainties? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

Id. Question (release date) 
18. Which software defect prediction models were used to determine the release date (Goel-Okumoto, other)? 

 _________________________________________________________________________________ 
 Do not know 

19. How frequently was the originally planned release date postponed? 
_________________________________________________________________ O     Do not know 

20. Which criteria were decisive [1: Not at all - 5: Very much] for the delay? 
 Functional requirements not implemented 1     2     3     4     5 O     Do not know 
 Quality level too low                          1     2     3     4     5  O     Do not know 
 Non-compliance with standards 1     2     3     4     5 O     Do not know 
 Expected operational cost too high 1     2     3     4     5 O     Do not know 
 Other(s):  _________________________ 1     2     3     4     5  
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Part IV: Product Release (available information) 
 
Id. Question 
1. To which extent was the release decision made based upon meeting the defined objectives (see I.1)? 

Not at all       1       2       3       4       5       Completely                O     Do not know 
2. What was the expected number of customers/end-users for the product at release time? 

 ________ 
 Do not know  

3. What was the expected level of competition from other software manufacturers at release time? 
None       1       2       3       4       5       Very high                O     Do not know 

4.  Which criteria were important for the release decision [1: Very low - 5: Very high]? 
 Expected revenue/loss 1     2     3     4     5 O     Do not know 
 Implemented functional requirements 1     2     3     4     5 O     Do not know 
 Quality level                            1     2     3     4     5 O     Do not know 
 Time-to-market pressure 1     2     3     4     5 O     Do not know 
 Development cost spent so far 1     2     3     4     5 O     Do not know 
 Compliance with standards 1     2     3     4     5 O     Do not know 
 Expected operational cost 1     2     3     4     5 O     Do not know 
 Other(s):  _____________________________ 1     2     3     4     5  

5. Were different release alternatives evaluated using updated criteria (see question I.7) as a reference? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

6. What was the actual product size at release time (function points, lines of code, other)? 
_________________________________________________ O     Do not know 

7. What was the expected product lifetime at release time? 
_________________________________________________  O     Do not know 

8. What was the expected revenue, related to the product lifetime at release time?  
_________________________________________________  O     Do not know 

9. What was the spent development time from project start to product release? 
_________________________________________________  O     Do not know 

10. What was the spent development cost at release time? 
_________________________________________________  O     Do not know 

11. What was the expected operational cost at release time?  
_________________________________________________  O     Do not know 

12. Were any resources allocated for the expected operational cost? 
 No 
 Yes, namely: _______________________________________________________________________ 
 Do not know 

13. What was the expected reliability level at release time (for instance number of defects left)? 
_________________________________________________  O     Do not know 

14. What was the expected maintainability level at release time? 
Very low       1       2       3       4       5       Very high                O     Do not know 

15.  How riskful was it to release the product? 
Not at all       1       2       3       4       5       Very riskful               O     Do not know 
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Part V: Product Release (decision-making process) 
 
Id. Question 
1. Which stakeholders were involved in deciding to release the project?  

 Senior management representative(s) 
 Product Management representative(s) 
 Market/Customer/End-user representative(s) 
 Project leader(s) development 
 Responsible person(s) for operation/maintenance 
 Other(s)  _____________________________________________________ Group size:  ____ 

2. Were to your opinion any important stakeholders missing? 
 No 
 Yes, namely: ______________________________________________________________________ 
 Do not know 

3. How much did the opinions of stakeholders diverge prior to the release decision? 
Not at all       1       2       3       4       5       Very much                O     Do not know 

4. How complete and reliable was the available information as input for the product release decision? 
Not at all       1       2       3       4       5       Very complete and reliable               O     Do not know 

5. Was the amount of information optimal to make the release decision? 
 Yes 
 No, information was missing 
 No, there was too much information 
 Do not know 

6. What was the primary reason to stop the search process for additional information? 
 Level of available information sufficiently high 
 Time pressure 
 Budget constraint 
 Other(s)  __________________________________________________________________________ 
 Do not know 

7. To which extent did stakeholders accept the available information? 
Not at all       1       2       3       4       5       Completely              O     Do not know 

8. To which extent did stakeholders change their initial position because of available information? 
Not at all       1       2       3       4       5       Completely                O     Do not know 

9. To which extent did stakeholders change their initial position in exchange of favours? 
Not at all       1       2       3       4       5       Completely              O     Do not know 

10. To which extent did stakeholders change their initial position because other stakeholders challenged them? 
Not at all       1       2       3       4       5       Completely                O     Do not know 

11. Which rule was applied in deciding to release the product? 
 Majority Vote (the option with the highest number of votes is selected) 
 Delegation (one person is appointed to make the decision) 
 Negotiation (compromise to a middle position) 
 Spontaneous agreement (a decision is arrived at without considering the decision factors) 
 Arbitrary (decision is made by some arbitrary means, such as flipping a coin) 
 Decision leader decides without discussion 
 Decision leader decides after discussion 
 Consensus (a state of mutual agreement is reached) 
 Other(s) __________________________________________________________________________ 
 Do not know 

12. To which extent was the decision to release the product based upon the available quantitative information? 
Not at all       1       2       3       4       5       Completely                O     Do not know 

13. How much did the opinions of stakeholders diverge after the decision to release the product was made? 
Not at all       1       2       3       4       5       Very much                O     Do not know 
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Part VI. Product in Operation (available information)  
 
Id. Question 
1. Were any unexpected problems encountered after the release of the product? 

 No, proceed with question 3 
 Yes, namely: ______________________________________________________________________ 
 Do not know 

2. Which corrective actions were taken to eliminate or reduce the encountered problems? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
___________________________________________________________  O     Do not know 

3. Was the project leader officially discharged from his/her responsibilities? 
 No 
 Yes, namely (date): ________________________________________________________________ 
 Do not know 

4. What is the actual number of customers/end-users for the product? 
_________________________________________________  O     Do not know 

5. What is the actual level of competition from other software manufacturers? 
None       1       2       3       4       5       Very high                O     Do not know 

6. What is the actually expected product lifetime at this moment? 
_________________________________________________  O     Do not know 

7. What is the actually expected revenue at this moment?  
_________________________________________________  O     Do not know 

8. What is the actually expected operational cost at this moment?  
_________________________________________________  O     Do not know 

9. What is the actually expected reliability level at this moment? 
_________________________________________________  O     Do not know 

10. What is the actually expected maintainability level at this moment? 
Very low       1       2       3       4       5       Very high                O     Do not know 

11. Does the released product meet the originally defined objectives (see I.1)? 
 No 
 Yes, namely: ______________________________________________________________________ 
 Do not know 

12. Has the project been evaluated afterwards or it is planned to have an evaluation? 
 No 
 Yes, namely: ______________________________________________________________________ 
 Do not know 
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Part VII: Evaluation of release decision 
 
Id. Question 
1. Was the decision to release the product a ‘right’ decision? Please explain your answer. 

 Yes, because:  __________________________________________________________________ 
  __________________________________________________________________ 
  __________________________________________________________________ 

 No, because:  __________________________________________________________________ 
  __________________________________________________________________ 
  __________________________________________________________________ 

 Do not know 
2. Which recommendations can be given regarding the information level at project start?  

________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

3. Which recommendations can be given regarding the decision-making process at project start? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

4. Which recommendations can be given regarding the monitoring of the market situation? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

5. Which recommendations can be given regarding the monitoring of the project status? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

6. Which recommendations can be given regarding the information level at release time? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

7. Which recommendations can be given regarding the decision-making process at release time? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

8. Which recommendations can be given regarding the information level during operation? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

9. Which recommendations can be given regarding the evaluation of projects? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

10. Which other issues have not been addressed but are important to mention? 
________________________________________________________________________________________ 
 
________________________________________________________________________________________ 
 

11. Do you consider this research and its results to be relevant for your organization? 
 
Not at all       1       2       3       4       5       Very much                O     Do not know 
 

 



APPENDIX E: CROSS-REFERENCE - QUESTIONNAIRE 2 
 

 

236

APPENDIX E: CROSS-REFERENCE - QUESTIONNAIRE 2 
 
 

Practice Questions 
P-A1: Project Definition I.14 – I.16 
P-A2: Project Control I.16, III.15, IV.5 
P-A3: Uncertainty Management I.17 – I.18, III.16 – III.17, IV.15 
P-A4: Selection of Alternatives III.3 – III.4, III.9 – III.10 
P-B1: Verification Definition III.11 
P-B2: Verification Implementation III.12 
P-B3: Artefact Identification III.13 
P-B4: Artefact Implementation III.14 
P-C1: Information Perfection V.4, V.5, V.12 
P-C2: Aspiration Levels II.12 – II.13, III.8, V.3 
P-C3: Stakeholder Involvement V.1 – V.2 
P-C4: Decision Choice V.11 
P-D1: Maintenance Budget IV.11 – IV.12 
P-D2: Product Rollout VI.1 – VI.2 
P-D3: Project Discharge VI.3 
P-D4: Project Appraisal VI.12 

 
Figure E-1: Cross-reference between Practices of the Methodology and Questionnaire 2 
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APPENDIX F: OVERVIEW OF PROCESS AREAS 
 

 Process Area: Release Definition 
Goal Define and control the product development strategy 
Inputs - customer and end-user requirements 

- organizational requirements 
- implementation status 

Outputs - project deliverables 
- project status 
- release criteria 
- project history 

 Practice P-A1: Project Objectives 
Description Define product development strategy 
When Start: project proposal phase 

End: investment appraisal prior to the project launch 
Responsible Senior Management, Project Steering Committee  
Involved - 
Methods Different project alternatives can be evaluated from different perspectives: 

1. For investment evaluations from a financial point of view, Renkema and 
Berghout (1997) present a comprehensive overview. Berghout (1997) presents 
a multicritera-portfolio-method. The NPVI-method in this thesis (Section 6.4) is 
an addition to the Basic NPV method.  

2. Regarding software cost estimation models overviews are given by for instance 
Fenton and Pfleeger (1997), Boehm and Abts (2000), and Briand and 
Wieczorek (2000). Further, the non-traditional approach using Bayesian nets 
as proposed by Fenton et al. (2004) may be considered. 

3. A method to identify and align the expectations of the stakeholders involved is 
for instance the Win-Win Negotiation Model (In 2001). 

 Practice P-A2: Project Control 
Description Control the project’s progress with respect to the product development strategy 
When Start: after the project launch following the investment appraisal 

End:  release decision 
Responsible Development 
Involved Senior Management, Marketing, Maintenance & Exploitation  
Methods Possible implementation forms are milestone-trend analysis, earned value 

calculations, and quality gates. These methods have been described in most 
standard textbooks regarding (software) project management. 

 Practice P-A3: Uncertainty Management 
Description Identify sources of uncertainty and implement effective measures to reduce or 

eliminate them 
When Start: after the project launch following the investment appraisal 

End:  release decision 
Responsible Development 
Involved Senior Management, Marketing, Maintenance & Exploitation  
Methods Uncertainty management can be implemented as a Risk Management process, 

tailored to the specific needs of the software manufacturer organization. The only 
difference is that probabilities and the resulting impact are expressed on an ordinal 
scale instead of on an interval or absolute scale. A comprehensive reference in this 
field is supplied by Dorofee et al. (1996). 

 Practice P-A4: Selection of Alternatives 
Description Select alternatives that most closely meets the product development strategy 
When Start: after the project launch following the investment appraisal 

End:  release decision 
Responsible Project Steering Committee 
Involved Senior Management 
Methods The methods for defining the project objectives can also be used to select different 

implementation alternatives during the course of a project (see P-A1). Especially 
the NPVI-method can be used when different implementation alternatives can be 
expressed in relative differences with respect to a base strategy (see Section 6.4). 
Overviews of specific methods to compare different architectures are presented by 
for instance Dobrica and Niemelä (2002), and Ionita et al. (2002).  

 
Figure F-1: Overview of ‘Release Definition’ Process Area and identified Practices 
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 Process Area: Release Information 

Goal Define and acquire the information needed as input for the release decision 
Inputs - project deliverables 
Outputs - implementation status 
 Practice P-B1: Verification Definition 
Description Define in which way the correct implementation of the functional requirements and 

non-functional requirements is verified 
When Start: after the project launch following the investment appraisal 

End:  release decision  
Responsible Development 
Involved Maintenance & Exploitation 
Methods Possible forms are reviews, inspections, tests and audits. These methods have 

been described in most standard textbooks about software engineering (see for 
instance: Sommerville 1995; Pressman 2000; Vliet 2000). Note that often 
distinction is made between appraisal methods (applied in the earlier project 
phases) opposed to testing (and repair) in the later project phases. If available, 
data with respect to defect potentials and removal efficiencies can be used to find 
the optimal balance between the appraisal and testing effort (Sassenburg 2002b). 
Regarding reliability, identified as an important non-functional requirement, the 
software reliability prediction and estimation models as presented in Section 3.3.2 
may be considered. Especially software reliability prediction models like 
COQUALMO (Chulani 1999) and Orthogonal Defect Classification (Chillarege et 
al., 1992) are considered important, due to their predictive nature. Additionally, 
non-traditional approaches like Bayesian nets (Fenton and Neil 2005) and Goal 
Structuring Notation (Weinstock et al. 2004) might be considered, although more 
research is needed in this area to validate their practical applicability.  

 Practice P-B2: Verification Implementation 
Description Deploy activities to verify the correct implementation of the functional requirements 

and non-functional requirements using the available definitions 
When Start: after the project launch following the investment appraisal 

End:  release decision 
Responsible Development 
Involved Maintenance & Exploitation  
Methods See P-B1. 
 Practice P-B3: Artefact Identification 
Description Identify which artefacts related to the product are to be developed to support future 

maintenance and exploitation activities 
When Start: after the project launch following the investment appraisal 

End:  release decision  
Responsible Development 
Involved Marketing, Maintenance & Exploitation  
Methods No specific methods can be recommended here as it depends on organizational 

process definitions as well as the product requirements which artefacts are 
considered important.  

 Practice P-B4: Artefact Implementation 
Description Deploy activities to implement the identified artefacts 
When Start: after the project launch following the investment appraisal 

End:  release decision 
Responsible Development 
Involved Marketing, Maintenance & Exploitation 
Methods No specific methods are recommended. 

 
Figure F-2: Overview of ‘Release Information’ Process Area and identified Practices 
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 Process Area: Release Decision 

Goal Establish a broad basis for the release decision outcome 
Inputs - release criteria 

- implementation status 
- product status 

Outputs - product to be released (incl. artefacts) 
 Practice P-C1: Information Perfection 
Description Assure that the information perfection level is within the zone of cost effectiveness 
When Start: project launch after investment appraisal 

End: release decision 
 
Identification and collection of relevant information as input to the release decision 
(see P-B1 through P-B4) starts directly after the project launch following the 
investment appraisal.  

Responsible Marketing, Development, Maintenance & Exploitation 
Involved Senior Management 
Methods No specific methods can be recommended here. It will normally require experience 

to get an understanding of the zone of cost effectiveness, but is also will depend on 
the level of uncertainty confronted with. As discussed in Section 7.3.2 it might be 
the case that software manufacturers with higher process capability are able to 
reduce uncertainty due to institutionalized processes and the availability of a larger 
historical database.  

 Practice P-C2: Aspiration Levels 
Description Reduce differences in opinions through management of meaning processes and 

strategies 
When Start: project proposal phase 

End: release decision 
 
Managing potential differences in aspiration levels is important in all phases, 
especially when defining the development strategy (P-A1), controlling the project’s 
progress (P-A2), managing uncertainties (P-A3), and selecting between 
alternatives (P-A4). 

Responsible Senior Management, Marketing, Development, Maintenance & Exploitation  
Involved - 
Methods No specific methods can be recommended here.  
 Practice P-C3: Stakeholder Involvement 
Description Involve all stakeholders throughout the project, especially in the release decision 
When Start: project proposal phase 

End: release decision 
 
Stakeholder involvement is important in all phases, especially when defining the 
development strategy (P-A1), controlling the project’s progress (P-A2), managing 
uncertainties (P-A3), and selecting between alternatives (P-A4). 

Responsible Senior Management, Marketing, Development, Maintenance & Exploitation  
Involved - 
Methods No specific methods can be recommended here. 
 Practice P-C4: Decision Choice 
Description Apply a negotiated decision-making strategy, and reach a state of mutual 

agreement among the stakeholders using consensus as the decision rule 
(interacting group type) 

When Start: project proposal phase 
End: pre-determined interval after the release decision 
 
Consensus as a decision rule is important in all phases, especially when defining 
the development strategy (P-A1), controlling the project’s progress (P-A2), 
managing uncertainties (P-A3), and selecting between alternatives (P-A4). 

Responsible Senior Management, Marketing, Development, Maintenance & Exploitation 
Involved - 
Methods No specific methods can be recommended here, other than the recommendation to 

build a team spirit so that all stakeholders involved obtain a good understanding of 
reasons for possibly different positions. 

 
Figure F-3: Overview of ‘Release Decision’ Process Area and identified Practices 
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 Process Area: Release Implementation 

Goal Establish congruence between the expected and actual release decision outcome 
and determine lessons learned 

Inputs - implementation status 
- product to be released (incl. artefacts) 
- project history 

Outputs - released product 
- appraisal results 
- product status 

 Practice P-D1: Maintenance Budget 
Description Reserve a maintenance budget for corrective maintenance actions in case 

problems are encountered during the product rollout 
When Start: first orientation during the project proposal phase 

End:  project discharge 
 
The expected maintenance budget should be identified as early as possible as it is 
part of the product development strategy. Its expected value should be 
continuously updated, so it reflects the latest insights.  

Responsible Maintenance & Exploitation 
Involved Senior Management, Development 
Methods No specific methods are recommended, as each software manufacturer 

organization should define its own procedure for implementation. 
 Practice P-D2: Product Rollout 
Description Carefully monitor the implementation of the released product and take appropriate 

corrective actions in case of encountered problems. 
When Start: after the release decision 

End:  project discharge 
 
This activity starts directly after the release decision and continues until the 
expected outcome is met or when, in extreme cases, the release decision is 
reversed. Note that this practice takes over the practices P-A2 (post-release 
project control) and P-A3 (post-release uncertainty management).  

Responsible Development, Maintenance & Exploitation 
Involved Senior Management, Marketing 
Methods No specific methods are recommended, as each software manufacturer 

organization should define its own procedure for implementation. 
 Practice P-D3: Project Discharge 
Description Officially discharge the Project Steering Committee responsible for the 

development of the product and the implementation of the released product from 
these responsibilities when all obligations have been met 

When Start: after the release decision (preparations) 
End:  project discharge 
 
Discharge of development responsibility takes place after all obligations have been 
met.  

Responsible Senior Management 
Involved Project Steering Committee 
Methods No specific methods are recommended, as each software manufacturer 

organization should define its own procedure for implementation. 
 Practice P-D4: Project Appraisal 
Description Appraise the important aspects of the project (for instance the identification of the 

reasons for discrepancies between initial project objectives and actual results, the 
identification of strengths and weaknesses to augment the software manufacturer 
organization’s memory (repository) as a source for increasing its capabilities. 

When Start: after project discharge 
End:  project appraisal 
 
This is the last project activity before project completion. 

Responsible Senior Management 
Involved Project Steering Committee 
Methods No specific methods are recommended, as each software manufacturer 

organization should define its own procedure for implementation. 
 
Figure F-4: Overview of ‘Release Implementation’ Process Area and identified Practices
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GLOSSARY 
 
 
The definitions listed below are either defined by the researcher or derived from multiple 
sources and adjusted in such a way that they match the definitions or interpretations used in this 
thesis. Where appropriate, a reference is made to the original source. 
 
 
act of choice - the actual choice between different alternatives or courses of action taken by 

the appropriate authority in an organization  
alpha test - an in-house test of a pre-production software product to find and eliminate the 

most obvious defects, either conducted in a laboratory setting or in some part of the 
software manufacturer’s regular operations 

alternative - a possibility one can choose from; alternatives can be identified (that is, searched 
for and located) or even developed (created where they did not previously exist) 

application software - a program or group of programs designed for customers or end-users; 
figuratively speaking, applications software sits on top of system software because it is 
unable to run without the operating system and system utilities 

artefact - a person-made object taken as a whole (in this study: the associated documentation 
and data belonging to a software product) 

aspiration level - a set of attributes that describes minimally satisfactory (desirable, acceptable) 
alternatives or the smallest outcome that would be deemed satisfactory by the decision-
maker 

authority - the agency or program with the power or right to give orders or make decisions (in 
this study the following authorities are distinguished: Senior Management, Marketing, 
Development, Maintenance & Exploitation) 

benefit - the economic value of a scheme, usually measured in terms of the cost of damages 
avoided by the scheme, or the valuation of perceived amenity or environmental 
improvements (not necessarily expressed in a monetary value) 

beta test - an external test of a pre-production software product at a limited number of end-
user sites with the purpose to test the product for all functions in a breadth of field 
situations to find those failures that are more likely to show in actual use than in the 
software manufacturer’s more controlled in-house alpha test before release to the end-
user(s) 

bounded rationality - limitations on decision-making caused by costs, human abilities, time, 
technology, and availability of information 

burden - the opposite of benefit 
business case - a justification of why a project is required for an organization and what the 

product is going to be; it should include the expected benefits, the project's product and 
performance characteristics, major project uncertainties, and the upside opportunities (in 
this study: software product) 96 

business strategy - a description of the manner in which an organization intends to gain a 
competitive advantage 

capability  (in decision-making) - the potential of a stakeholder to co-determine the decision 
outcome 

case study - an empirical enquiry that investigates a contemporary phenomenon within its real 
life context, when the boundaries between phenomenon and context are not clearly 
evident 

certainty - different alternatives can be evaluated without consideration of any scenarios 

                                                           
96 A well-written project objective should comprise at least the following: identification of a parameter to be modified, current 
value of the performance parameter to be changed, date of measurement of the current value, expected target value of the 
performance parameter, and the expected date of achieving the target value of the performance parameter. 
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competitive advantage - an advantage an organization has over its competitors because of 
the quality or superiority of products or services which will persuade customers to buy 
from them rather than from competitors (in this study the product or service is a 
software product) 

competitor - an organization that is engaged in selling and buying products or services in the 
same market as another organization (in this study, the organization is a software 
manufacturer and the product or service is a software product) 

complete uncertainty - different alternatives can be evaluated with considerations of some 
scenarios but the chance of occurrence of each scenario cannot be quantified  

constituency - a representation of an organizational authority  
cost - the economic value of the amount of resources applied to a cost object (not necessarily 

expressed in a monetary value) 
cost/benefit analysis  - a method of appraisal that assesses different alternatives through a 

comparison between their costs and benefits 
customer - someone who pays for products or services (in this study the product or service is a 

software product) 
course of action - a sequence of activities that an individual or unit may follow (in this study 

the individual or unit is a stakeholder) 
decision - a moment in an ongoing process of evaluating alternatives for meeting an objective, 

at which expectations about a particular course of action impel the decision-maker(s) to 
select that course of action most likely to result in attaining the objective 

decision rule - a statement that tells a group of decision-makers how to choose among different 
alternatives based on the characteristics of the decision situation 

decision-making process - the choice process, in which one among several alternatives or 
courses of action is selected  

decision success - the outcome of a decision that results in the attainment of the objective that 
gave rise to the decision within the constraints that had to be observed to bring out such 
attainment 

defect - the result of making an error; one error can lead to multiple defects 
defect density - the number of residual defects per size attribute 
defect potential  - the number of injected defects per size attribute 
defect removal efficiency - the number or percentage of injected defects removed 
Development - the organizational authority responsible for (software) development 
(software) development - a set of activities that results in the first version of a (software) 

product or a major revision of an existing (software) product; software development 
may include new development, modification, reuse, re-engineering, maintenance, or any 
other activities that result in a (software) product; minor revisions of an existing 
(software) product are accomplished through (software) maintenance 

deutero-learning - the process of learning how to carry out single-loop learning and double-
loop learning  

development costs - the cash outflows of a (software) product before its (software) release 
diffusion - a particular type of communication in which the message content that is exchanged 

is concerned with a new idea  
double-loop learning - a process in which organizations examine and correct problems even 

though correction requires challenge to underlying policies and objectives 
duopoly  - market structure in which two manufacturers of a product or service compete with 

each other 
effectiveness - a measure of the extent to which a project attains its project objectives 
end-user - the individual who uses the (software) product after it has been developed, 

produced and released 
entrant - an organization that enters competition in an established market 
equilibrium - the amount of output supplied equals the amount demanded: the market has 

neither a tendency to rise nor fall 
espoused theory - the reasons given when explicitly asked to explain one’s behaviour (opposed 

to theory-in-use) 
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failure - non-adherence to one or more stated functional requirements and/or non-functional 
requirements observed by a customer or end-user of a software product, that may 
indicate the presence of one or more a faults 

fault - defect observed by someone  
fixed cost - cost that does not vary with output (opposed to variable cost) 
functional requirement - a requirement that specifies a function that a system or system 

component must be able to perform (in this study, the system considered is the software 
product) 

game theory - the study of decision problems in competitive situations, being the procedure for 
analysing and deriving rules for making decisions when two or more people or 
organizations are competing for some objective 

guideline - a recommended practice that provides guidance to appropriate behaviour  
heuristics - simplified rules used for processing information on a rule of thumb, trial and error 

basis 
incumbent - an organization that has been providing products or services in a market for some 

time 
influence - any actions or examples of behaviour that cause a change in attitude or behaviour of 

another individual or group 
information - data that has been interpreted, translated, or transformed to reveal the underlying 

meaning 
information perfection - extent to which information is reliable and complete 
informed uncertainty - different alternatives can be evaluated with considerations of some 

scenarios, whereby the chance of occurrence of each scenario can be quantified with 
probability or possibility values 

innovation - an idea, practice, or object that is perceived as new by an individual or other unit 
of adoption 

instruction - a description how something is to be done 
intuition - a mental process that is subconsciously informed by emotional impulses 
irreversibility - property of an event which makes reverting back to the state before the 

occurrence of the event impossible 
issue  - a major controversial point for collective decision-making 
maintainability - the probability that, for a given condition of use, a maintenance activity can 

be carried out within a stated time interval and using stated procedures and resources (in 
this study: software product)97 

(software) maintenance - a set of activities that results in a newer version of an existing 
(software) product and the exploitation of that (software) product after its release; 
major revisions of an existing (software) product are accomplished through (software) 
development 

Maintenance & Exploitation - the organizational authority responsible for (software) 
maintenance 

(software) manufacturer - the organization engaged in the original development, production 
and release of a (software) product to one or more customers or end-users 

marginal cost - change in total cost following a one-unit change in output 
marginal value - change in total value following a one-unit change in output 
Marketing - the organizational authority responsible for the process of planning and executing 

the conception, pricing, promotion, and distribution of software products that will 
satisfy the objectives of customers and/or end-users 

maximizing behaviour - concept assuming that an economic person (in this study: 
stakeholder) can calculate those alternative courses of action that will permit the 
attainment of the highest possible point on the scale of personal preferences  

method - a way of doing something, especially a systematic, prescribed way 
                                                           
97 In (IEEE 1990) distinction is made between the ease with which a product or component can be modified to 
correct failures (corrective maintenance), improve performance, or other attributes (perfective maintenance), or 
adapt to a changed environment (adaptive maintenance). 
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methodology - a coherent set of methods, instructions, techniques, guidelines, or practices, 
that prescribe how somebody who is willing to follow them should continue, and under 
what circumstances 

model of choice  - a calculation method for weighting aspects of alternatives (examples for 
this study: project alternatives, design alternatives, release alternatives) 

monopoly  - market structure in which there is only one manufacturer of a product or service 
network effects - arise when a good is more valuable to a user when more users adopt the same 

good or compatible ones 
non-functional requirement - a product property that puts one or more constraints upon one or 

more functional requirements (examples in this study: reliability and 
maintainability); non-functional requirements include the compliance to relevant 
standards 

operational costs - the cash outflows of a (software) product after its (software) release 
opportunity costs - the value of something given up to pursue something else 
optimizing behaviour - concept assuming that an economic person (in this study: stakeholder) 

can calculate those alternative courses of action that will permit the attainment of the 
highest possible point on the scale of personal preferences (see also maximizing 
behaviour), taking into account that information has a price in time and money 

option - the choice to take a specific action in the future (examples in this study: time-to-build 
and growth options); the action considered in finance are the purchase (call option) or 
sale (put option) of an asset  

organization - a social entity that is goal-directed and is a deliberately structured activity 
system with an identifiable boundary  

organizational learning - an area of knowledge within organizational theory that studies 
models and theories about the way an organization learns and adapts 

point of optimality - value of information perfection where the marginal value equals the 
marginal cost 

position (in decision-making) - the preference of a stakeholder regarding the decision 
outcome 

power - the ability to exert influence 
practice - a customary way of operation or behaviour 
predictability - the ability to produce the same value within given accuracy bounds when 

successive readings of a specific quantity are measured (examples in this study: schedule, 
budget, requirements) 

preference - a predisposition in favour of something 
process - a set of instructions that defines a path to accomplish a predetermined objective  
process area - a cluster of related practices that, when performed collectively, achieve a set of 

goals considered important for establishing process capability in that area 
process capability - a point on an arbitrary scale that presents the increasing capability of the 

performed process (in this study an ordinal scale is taken: Low - Medium - High) 
product development strategy - the product-market strategy whereby an organization creates 

new offerings for existing markets innovation, product augmentation, or product line 
extensions 

Product Development Team - the team at operational level that is responsible for 
implementing defined project objectives of one project 

profit - the excess of revenues over development costs and operational costs in a given 
period of time 

program - a coherent set of one or more projects to be carried out to attain long-term 
organizational goals, defined in the business strategy 

project - an intervention that consists of a set of planned, interrelated activities designed to 
achieve defined project objectives within a given budget and a specified period of time 

project objective - a benefit that an organization expects to achieve as a result of injecting 
project product(s) into itself or its environment 

Project Steering Committee - the team at tactical level that is responsible for meeting defined 
project objectives; a team will normally be composed of different constituencies  
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real option - an investment decision that is characterized by uncertainty, the provision of 
future managerial discretion to exercise at the appropriate time, and irreversibility 

(software) release - the act of formally transferring a (software) product to its intended 
customers or end-users and to the organizational authority responsible for post-release 
activities like software maintenance 

(software) release criteria - the particular criteria that are taken into account to make the 
decision whether or not to choose for a (software) release 

reliability - the probability that a product will operate without failure under given conditions 
for a given time interval (in this study: software product) 

revenues - the cash inflows from a (software) product after its (software) release 
risk - the quantifiable likelihood of loss or less-than-expected returns 
salience  - the degree to which a stakeholder is interested in an issue 
satisficing behaviour - concept assuming that an economic person (in this study: stakeholder) 

can not calculate those alternative courses of action that will permit the attainment of the 
highest possible point on the scale of personal preferences (see also maximizing 
behaviour) as internal and external constraints limit the global rationality and 
consequently the behaviour and processes of choice; as a result the course of action is 
chosen that most satisfies a aspiration level 

Senior Management - the organizational authority at the level of (strategic) executive 
management above one or more Project Steering Committees, which has approval 
authority to project objectives 

single-loop learning - a process in which organizations are able to correct matters in order to 
achieve stated objectives 

social system - a set of interrelated units that are engaged in joint problem-solving to 
accomplish a common (set of) goal(s) 

software (product) - the complete set, or any of the individual items of the set, of computer 
programs, procedures, and associated documentation and data designated for delivery to 
a customer or end-user (IEEE 1990) (in this study: application software); a software 
product can be either a standalone software application or software embedded in a 
system 

software release decision - a moment in an ongoing process of evaluating release alternatives 
for meeting defined project objectives 

stakeholder - a person or constituency whose interests are at stake; being involved in a 
decision is not a prerequisite to be a stakeholder 

strategic - of great importance to an organization (for instance a program, project or 
decision) 

sunk cost - fixed cost  that are non-recoverable 
system software - low-level programs that interact with the computer at a very basic level; this 

includes operating systems, compilers, and utilities for managing computer resources 
(see also application software) 

technique - a well-defined procedure used to accomplish a specific activity or task 
theory-in-use - the often unconscious theories which guides one’s actual behaviour (opposed to 

espoused theory) 
theory of the firm - basic model of business assuming that an organization has profit 

maximization as its primary goal 
time value of money - concept that acknowledges that money changes value over a period of 

time: that a sum of money today is worth more that the same sum of money at a future 
date, because of the fact that the money received now can be invested to earn interest 

trade-off - an exchange of one thing in return for another, especially relinquishment of one 
benefit for another regarded as more desirable 

uncertainty - immeasurable risk 
validation - confirmation by examination and provisions of objective evidence that the 

particular requirements for a specific intended use are fulfilled (IEEE 1990) 
variable cost - cost that fluctuate with output (opposed to fixed cost) 
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verification - confirmation by examination and provisions of objective evidence that specified 
requirements have been fulfilled (IEEE 1990) 

zone of cost effectiveness - bandwidth of information perfection where the difference 
between the absolute marginal value and absolute marginal cost is below a certain 
threshold 
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SAMENVATTING (SUMMARY IN DUTCH) 
 
 

Ontwerp van een Methodologie voor Vrijgavebesluiten voor Software: 
Zijn de Cijfers Daadwerkelijk van Belang? 

 
 
1. Inleiding 
 
Het eerste hoofdstuk van dit proefschrift begint met een citaat van Brooks (1975), die schrijft: 
‘Complexiteit is waar we mee te maken hebben en complexiteit is wat ons beperkingen oplegt’. 
Of, zoals Beizer (1990) het formuleert: ‘Software complexiteit groeit tot aan de grenzen van 
ons vermogen om die complixiteit aan te kunnen’. Dit blijkt waar te zijn. In deze studie wordt 
vastgesteld dat softwareontwikkeling veel onzekerheden met zich meebrengt, voortkomend uit 
verschillende bronnen. Voorbeelden zijn: prestatie, doorlooptijd, ontwikkelingskosten, 
technologie, markt en organisatie. Dit compliceert in aanzienlijke mate de voorspelbaarheid van 
de ontwikkeling van softwareproducten in het algemeen en het besluit tot marktintroductie in 
het bijzonder. Marktintroductie, of het besluit tot vrijgave, is het onderwerp van onderzoek in 
dit proefschrift. Voor veel softwarefabrikanten, met name diegene actief in massamarkten, is 
het een besluit dat niet of nauwelijks ongedaan gemaakt kan worden. Een vrijgavebesluit van 
software kan gezien worden als een afweging tussen vroege vrijgave om de voordelen van een 
vroege marktintroductie te verzilveren en uitstel van productvrijgave om functionaliteit toe te 
voegen en/of de kwaliteit te verbeteren. 
 
Het doel van deze studie is te onderzoeken hoe strategische vrijgavebesluiten voor software 
verbeterd kunnen worden. Een vrijgavebesluit is van strategisch belang indien de kans op grote 
toekomstige verliezen voor de softwarefabrikant en/of de klanten/gebruikers aanwezig is. De 
studieaanpak bestaat uit twee hoofdstappen. 1) Bestaande theorie is bestudeerd en verkennende 
casusstudies zijn uitgevoerd. 2) De verkregen resultaten zijn gebruikt om een methodologie te 
ontwerpen met twee basisvereisten: a.) De methodologie moet een softwarefabrikant in staat 
stellen de verschillende van belang zijnde aspecten van software vrijgavebesluiten te begrijpen, 
en b.) De mogelijkheid dient geboden te worden de sterktes en zwaktes op dit gebied vast te 
stellen om zo een instrument ter identificering van verbeteringsgebieden te bieden. De 
noodzaak om strategische vrijgavebesluiten voor software te verbeteren is behandeld in 
Hoofdstuk 1. Vastgesteld is de toenemende impact van software op de maatschappij, de 
toenemende complexiteit van softwareproducten en het toenemende belang van strategische 
vrijgavebesluiten voor software. In Deel 1, hoofdstukken 3 en 4, worden de resultaten van de 
Verkenningsfase beschreven, bestaande uit de bestudering van bestaande theorie en zeven 
verkennende casusstudies. Op basis van de verkregen resultaten wordt de Release Decision 
Methodology voor strategische vrijgavebesluiten voor software ontworpen in Deel 2, 
hoofdstukken 5 tot en met 10. De methodologie is gebaseerd op drie stijlen van besluitvorming, 
namelijk maximaliserend, optimaliserend en tevredenstellend gedrag. In de Release Decision 
Methodology worden verschillende procesgebieden geïdentificeerd en in detail uitgewerkt. 
Deel 3, hoofdstuk 11, beschrijft de resultaten van de Testfase, waarin een tweede serie van 
casusstudies uitgevoerd wordt om de veronderstelde beschrijvende en beoordelende 
eigenschappen van de methodologie te valideren in praktijkomgevingen.  
 
In dit hoofdstuk worden de primaire en secundaire onderzoeksvragen opnieuw bekeken in 
sectie 2, terwijl de externe validiteit van de methodologie besproken wordt in sectie 3. 
Vervolgens worden de onderzoeksfilosofie, -aanpak en -strategie opnieuw beschouwd in sectie 
4. Suggesties voor vervolgonderzoek worden geïdentificeerd in sectie 5, waarna afsluitende 
opmerkingen aangaande de ondertitel van dit proefschrift in sectie 6 worden gemaakt. 
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2. Onderzoeksvragen en Onderzoeksresultaten 
 
In deze sectie worden de antwoorden op de vier secundaire onderzoeksvragen, zoals gesteld in 
hoofdstuk 5 samengevat, en de bevindingen ten aanzien van de primaire onderzoeksvraag, zoals 
gesteld in hoofdstuk 1, gegeven.  
 
2.1 1e Secundaire Onderzoeksvraag  
 

Hoe kan de afweging van marktintroductie van een softwareproduct worden gemodelleerd? 
 
In hoofdstuk 6, met maximaliserend gedrag als uitgangspunt, is de NPVI-methode 
gepresenteerd, gebaseerd op bestaande modellen uit de halfgeleiderindustrie gecombineerd met 
een methode voor de vergelijking van verschillende ontwikkelingsstrategieën voor software 
gebaseerd op NCW-calculaties. De methode is op maat gemaakt voor softwarevrijgavebesluiten 
maar heeft een algemeen karakter, zodat de toepasbaarheid niet beperkt is tot 
softwarevrijgavebesluiten. De gepresenteerde methode kan gebruikt worden voor de 
economische waardering van verschillende vrijgavealternatieven door het vaststellen van de 
verschillen tussen een test- en een basisstrategie. De methode kan desgewenst worden 
uitgebreid met bijvoorbeeld flexibiliteit zoals de ‘time-to-build’- en ‘growth’-opties (zie 
hoofdstuk 6). Gebruik van de methode is niet beperkt tot specifieke fabrikanttypen. Externe en 
interne condities onder welke een softwarefabrikant opereert, zullen de markt- of 
vraagkarakteristieken bepalen en dus de verwachte kosten en baten beïnvloeden. De 
onderliggende methode wordt niet beïnvloed. 
 
De NPVI-methode heeft na de definitie in hoofdstuk 6 weinig aandacht gekregen. Eén of meer 
software fabrikantomgevingen werden gezocht om de methode toe te passen in commerciële 
omgevingen met de aanwezigheid van veel concurrentie en een middelhoog tot hoog aantal 
klanten. Echter, bij de twee fabrikanten die aanvankelijke interesse toonden, was de 
onderzoeker op dat moment werkzaam als adviseur. Zoals besproken in hoofdstuk 2 was het 
besluit genomen geen onderzoek te verrichten bij softwarefabrikanten waar de onderzoeker 
actief was of recent actief was geweest. Nader onderzoek naar de praktische toepasbaarheid van 
de NPVI-methode wordt aanbevolen (sectie 5).  
 
2.2 2e Secundaire Onderzoeksvraag  
 

In welke mate kan een optimaal informatieniveau vastgesteld worden voor het  
software vrijgave besluitvormingsproces? 

 
In hoofdstuk 7 wordt het begrip maximaliserend gedrag verder onderzocht. In plaats van aan te 
nemen dat besluitnemers over al de relevante informatie beschikken, wordt informatie 
beschouwd als een variabele die een prijs heeft in tijd en geld. Een besluitnemer wordt 
geconfronteerd met het probleem dat, naast het bepalen van vraag- en aanbodfuncties, een 
afweging nodig is tussen kosten en baten van zoeken naar informatie. Dit leidt tot 
optimaliserend gedrag in plaats van maximaliserend gedrag, echter de conclusie is dat het 
verschil marginaal is omdat het primaire doel maximalisatie van winst blijft. Het optimum waar 
de maximale nettowaarde wordt bereikt, wordt beïnvloed door veel verschillende factoren 
[productkarakteristieken, toegepast ontwikkelingsproces, gebruikte technologie, beschikbare 
mensen] en een softwarefabrikant wordt geconfronteerd met problemen bij het nauwkeurig 
bepalen van dit punt, als voorbeeld ‘infinite regress’. Andere complicerende factoren zijn het 
gebrek aan bewezen betrouwbaarheidsmodellen voor software met een voorspellend karakter, 
en de complexe relaties tussen de betrokken parameters. Om te kunnen optimaliseren moeten 
aannames over de realiteit worden gemaakt, vaak leidend tot simplificaties. In een praktische 
context zullen softwarefabrikanten daarom zoeken naar een kosteffectieve zone in plaats van 
het optimum, omdat in de praktijk dit punt noch vooraf noch achteraf nauwkeurig kan worden 
bepaald.  
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De tweede serie van casusstudies geeft aan dat het mogelijk is een kosteffectieve zone te 
identificeren. In één casusstudie was de beschikbare informatie dicht bij de kosteffectieve zone. 
In een andere casusstudie beweerden informanten dat bepaalde herhalingstests overbodig 
waren, omdat zij er niet toe bijdroegen het informatieniveau met betrekking tot de 
geïmplementeerde functionaliteit en stabiliteit van het product te verhogen. In deze casusstudie 
was een voordeel van het project de beschikbaarheid van relatief stabiele productvereisten en 
de mogelijkheid testresultaten te vergelijken met resultaten van een bestaand product. Dit 
maakte sterke uitspraken over de betrouwbaarheid van het product en het informatieniveau 
mogelijk. Echter, in alle casusstudies kon de zone alleen vastgesteld worden in kwalitatieve 
termen en niet in kwantitatieve termen. Verder onderzoek naar mechanismen om deze zone 
nauwkeuriger vast te stellen wordt aanbevolen (sectie 5).  
 
2.3 3e Secundaire Onderzoeksvraag  
 

Welke effecten resulterend uit individueel en groepsgedrag spelen een rol in het  
software vrijgave besluitvormingsproces? 

 
In hoofdstuk 8 worden conclusies getrokken ten aanzien van effecten voortkomend uit 
individueel en groepsgedrag in het besluitvormingsproces rondom softwarevrijgave. Intra-
individuele conflicten komen voort uit het begrip ‘bounded rationality’ en leiden tot 
tevredenstellend gedrag. De besluitvormingsstrategie van onderhandeling is het best toepasbaar 
voor strategische vrijgavebesluiten voor software. Het komen tot een besluit tot vrijgave komt 
goed overeen met de kenmerken van een ‘interacting’ groepstype. De karakteristieken van 
effectieve groepen zoals beschreven door McGregor (1960) worden van belang geacht. De 
voorgestelde besluitregel is consensus, omdat een belangrijk criterium draagvlak voor de 
besluitimplementatie is. Met betrekking tot de politieke aspecten van vrijgavebesluiten voor 
software zijn de verschillende vormen van macht in besluitvorming afgebeeld op de processen 
en strategieën zoals beschreven door Stokman et al. (2000). Het is beargumenteerd dat een 
hoge aanwezigheid van ‘management of meaning’- en een lage aanwezigheid van ‘challenge’- 
en ‘exchange’-processen en -strategieën de voorkeur verdient bij strategische vrijgavebesluiten 
voor software. Een hoge aanwezigheid van ‘management of meaning’-processen en -strategieën 
houdt in, dat mogelijke verschillen in posities, of aspiratieniveaus, teruggebracht worden door 
de acceptatie van overtuigende informatie. Verschillende bronnen van conflict zijn besproken, 
waarbij er twee belangrijk zijn voor vrijgavebesluiten voor software, namelijk de onderlinge 
afhankelijkheid tussen individuen of afdelingen, en het divergeren van doelstellingen. De 
conclusie is dat de beschikbaarheid van een gemeenschappelijke ontwikkelingsstrategie, 
geaccepteerd door alle belanghebbenden een belangrijke factor is in het terugdringen van de 
waarschijnlijkheid van de aanwezigheid van deze bronnen van conflict. 
 
De geïdentificeerde aspecten zijn impliciet geïntegreerd in de methodologie. Op deze wijze zijn 
zij behandeld tijdens de tweede serie van casusstudies met focus op de besluitvormingstheorie 
van Stokman et al. (2000), ook toepasbaar op het besluitvormingsproces van strategische 
vrijgavebesluiten voor software. In één casusstudie leidde de onderlinge afhankelijkheid tussen 
twee belanghebbenden tot controversiële standpunten en daarom werd één belanghebbende van 
het besluitvormingsproces uitgesloten. De verantwoordelijkheid voor besluitimplementatie 
werd overgedragen aan een speciaal team, omdat de uitgesloten belanghebbende niet bereid 
was het vrijgavebesluit te implementeren. Het besluitvormingsproces zelf werd 
gekarakteriseerd door de aanwezigheid van ‘challenge’-processen en -strategieën vanwege 
onvoldoende informatie. In de andere twee casusstudies werd het besluitvormingsproces 
gekarakteriseerd door de aanwezigheid van ‘management of meaning’-processen en -
strategieën vanwege een informatieniveau dichtbij of binnen de kosteffectieve zone. Andere 
gevalideerde karakteristieken van het besluitvormingsproces zijn een besluitvormingsstrategie 
gebaseerd op onderhandeling, en een ‘interacting’ groepstype met consensus als besluitregel.  
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2.4 4e Secundaire Onderzoeksvraag  
 

Welke aspecten zijn belangrijk om de kans op een succesvolle implementatie  
van een besluit tot softwarevrijgave te verhogen? 

 
Betreffende de implementatieaspecten van een besluit tot softwarevrijgave zijn de volgende 
conclusies getrokken in hoofdstuk 9. Het succes van een besluit wordt mede bepaald door een 
goede implementatie van het genomen besluit. Belangrijke geïdentificeerde aspecten voor de 
implementatie zijn de erkenning dat vooraf een budget gereserveerd moet worden voor 
correctieve acties en dat de implementatie van het besluit nauwlettend in de gaten moet worden 
gehouden om zeker te stellen dat de daadwerkelijke uitkomst dicht ligt bij de verwachte 
besluituitkomst voordat het projectteam ontslagen wordt van haar verplichtingen en de 
productverantwoordelijkheid wordt overgedragen [‘single-loop learning’]. Een evaluatie van 
het besluit na de officiële discharge van ontwikkelingsverantwoordelijkheden en de overdracht 
van product-verantwoordelijkheid is een vereiste voor elke softwarefabrikant die zijn 
vaardigheden wil verbeteren [‘double-loop learning’]. De evaluatie dient zich niet te beperken 
tot het besluitvormingsproces of de uitkomst van het besluit zelf, maar behelst behalve deze 
aspecten de hele projecthistorie. Door het identificeren van sterktes, zwaktes en mogelijke 
punten van verbetering kan het geheugen van de organisatie vergroot worden voor gebruik in 
toekomstige projecten.   
 
De geïdentificeerde aspecten zijn geïntegreerd in de methodologie. Op deze wijze zijn zij 
gevalideerd tijdens de tweede serie casusstudies. De reservering van een onderhoudsbudget en 
het in de gaten houden van de ingebruikname van het product zijn bevestigd als zijnde 
belangrijke aspecten. In twee casusstudies waren correctieve acties nodig om discrepantie 
tussen de verwachte en daadwerkelijke uitkomst te elimineren. Slechts in één casusstudie was 
het project officieel ontslagen en vond een projectevaluatie plaats, hoewel er geen bewijs werd 
gevonden dat de resultaten beschikbaar zijn gesteld voor toekomstig gebruik. Dit is een 
tekortkoming omdat ‘goede projecten een geheugen hebben’. In deze casusstudie, waar in 
principe alle procesgebieden succesvol waren geïmplementeerd, zou een formele waardering 
een instrument zijn geweest succesfactoren te identificeren. Een overweging zou geweest 
kunnen zijn gehanteerde werkwijzes uit het project op te nemen in het gestandaardiseerde 
ontwikkelingsproces, hierbij toekomstige projecten in staat stellend hen te implementeren en op 
deze wijze het vermogen van de organisatie te verbeteren.  
 
2.5 Primaire Onderzoeksvraag  
 
In dit onderzoek worden de dimensies van het besluitvormingsprobleem van vrijgave van een 
softwareproduct onderzocht aan de hand van de beschikbare ‘body of knowledge’, aangevuld 
met een onderzoek naar de huidige manier van werken in softwarefabrikantomgevingen. De 
verkregen resultaten leiden tot de volgende definitie van en strategisch vrijgavebesluit voor 
software:  

Een strategisch vrijgavebesluit voor software is de keuzefunctie in een collectief 
besluitvormingsproces van bestuurders, die het besluit nemen om een 
softwareproduct over te brengen van de ontwikkelingsfase naar operationeel 
gebruik met de aanwezigheid van potentiële grote toekomstige verliezen voor de 
softwarefabrikant en/of de klanten, inclusief de aanwezigheid van hoge kosten om 
het vrijgavebesluit ongedaan te maken. Het is een niet-routinematig besluit en kent 
normalerwijs een langetermijnhorizon.  

 
De resultaten zijn gecombineerd met theorieën van verschillende disciplines en gebruikt om een 
methodologie voor te stellen om vrijgavebesluiten voor software te structureren. De 
methodologie, bestaande uit vier procesgebieden, is gevalideerd in drie casusstudies in een 
praktische context, waarbij het beschrijvende karakter van de methodologie naar voren kwam. 
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Indien het informatieniveau in het besluitvormingsproces toeneemt, hierbij onzekerheid 
terugdringend, zullen de ontwikkelingskosten voor vrijgave toenemen als gevolg van testen, en 
de onderhoudskosten na vrijgave zullen waarschijnlijk afnemen. Vanuit een 
besluitvormingsperspectief zal de aanwezigheid van ‘management of meaning‘-processen en -
strategieën toenemen en de aanwezigheid van ‘challenge’-processen en -strategieën afnemen.  
 
Het is in dezelfde drie casusstudies gevalideerd dat de methodologie de mogelijkheid biedt het 
succes van een strategisch vrijgavebesluit voor software vast te stellen en te identificeren welke 
verbeteringen tot een hogere kans op succes leiden. Met name in de eerste casusstudie had de 
successvolle implementatie van de eerste twee procesgebieden van de methodologie de 
organisatie kunnen behoeden voor het vrijgeven van een product dat zo slecht onderhoudbaar 
bleek, dat later het besluit is genomen het hele product opnieuw te ontwikkelen. De 
methodologie biedt een instrument de kans op succes van strategische vrijgavebesluiten voor 
software te verhogen.  
 
Indien alle procesgebieden succesvol worden geïmplementeerd, zullen de kwaliteit van det 
besluituitkomst en de kwaliteit van de besluitimplementatie in de optimale zone liggen. 
Beneden deze zone zal de onzekerheid hoog zijn en waarschijnlijk leiden tot ‘challenges’ tussen 
de belanghebbenden, terwijl boven deze zone de kosten van additionele informatie economisch 
waarschijnlijk niet rendabel zijn. De verwachting is dat informatie binnen de optimale zone de 
waarschijnlijkheid vergroot dat de gestelde doelen worden gehaald. Dit beoordelende karakter 
van de methodologie stelt een softwarefabrikant in staat op pro-actieve wijze te kiezen voor 
succes door de geformuleerde procesgebieden te implementeren.   
 
De conclusie is dat de primaire onderzoeksvraag zoals geformuleerd in hoofdstuk 1 van dit 
proefschrift, ‘Hoe kunnen strategisch vrijgavebesluiten voor software worden verbeterd?’ 
bevredigend is beantwoord. 
 
 
3. Externe Geldigheid van de Methodologie 
 
De methodologie is gevalideerd in overeenkomstige softwarefabrikantomgevingen waar 
softwareproducten voor intern gebruik worden ontwikkeld. De methodologie laat echter geen 
specifieke aspecten zien voor softwarefabrikanten. De karakteristieken van een specifieke 
softwarefabrikant beïnvloeden de gekozen ontwikkelings- en marktintroductiestrategie, maar 
niet de methodologie. De productspecifieke markt- en productvereisten beïnvloeden het 
vereiste informatieniveau, maar niet de methodologie. Alle uitgewerkte procesgebieden 
benodigen correcte implementatie, onafhankelijk van de karakteristieken van de 
softwarefabrikant en de mate waarin de procesgebieden worden geïmplementeerd volgt uit de 
specifieke omstandigheden. Daarom bestaan er geen belangrijke obstakels de methodologie in 
overeenkomstige of andere softwarefabrikantomgevingen toe te passen. 
 
De methodologie is ontworpen voor strategische vrijgavebesluiten voor software, een vereiste 
gesteld in hoofdstuk 1, hetgeen de reden is om Harrison’s (1987) ‘Process Model’ als 
referentiemodel te adopteren in plaats van het ‘Organizational Model’. De methodologie stelt 
zeker dat alle relevante belanghebbenden, verschillende perspectieven vertegenwoordigend, 
actief betrokken worden voor een project wordt gestart [in de oriënteringsfase] en betrokken 
blijven tot het product goed functioneert in zijn operationele omgeving. Deze benadering maakt 
het delen van kennis tussen de belanghebbenden mogelijk, en wanneer problemen ontstaan zijn 
alle perspectieven vertegenwoordigd voor het evalueren van een alternatieve richting. Indien 
strategische waarde minder aanwezig is, neemt de noodzaak voor een formeel 
besluitvormingsproces af, en de betrokkenheid van hoger management is niet strikt 
noodzakelijk. Indien de methodologie beschouwd wordt voor meer routinematige 
vrijgavebesluiten, dient voor de implementatie van elk procesgebied nagegaan te worden hoe 
voldoende toegevoegde waarde wordt geleverd en of de betrokkenheid van hogere 
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managementniveaus noodzakelijk is. Indien dit wordt meegenomen kan de methodologie ook 
gebruikt worden voor vrijgavebesluiten voor software zonder strategische waarde. 
 
Gebruik van de methodologie is niet noodzakelijkerwijs beperkt tot vrijgavebesluiten voor 
software alleen. Hoewel de methodologie ontworpen is voor strategische vrijgavebesluiten voor 
software heeft het een algemeen karakter. De aandacht gaat uit naar het besluitvormingsproces, 
specifiek aandacht gevend aan het definiëren en beheren van de besluitcriteria, de definitie en 
het verzamelen van informatie benodigd in het besluitvormingsproces, en de implementatie en 
evaluatie van het vrijgavebesluit. Dit zijn algemene aspecten van besluitvorming en het gebruik 
van de methodologie voor andere besluiten tijdens productontwikkeling kan overwogen 
worden, samen met een eventuele herziening van de uitwerking van de procesgebieden.  
 
Een beschouwing van de methodologie laat geen software-specifieke aspecten zien. Echter, de 
afwezigheid van transparantie betreffende doel en kwaliteit van software enerzijds en de 
verificatie- en validatieproblemen met software anderzijds, vormen twee bronnen van 
onzekerheid en zijn twee sterke argumenten om een methodologie te adopteren, met name 
indien het vrijgavebesluit van strategisch belang is. In andere engineeringdisciplines waar 
productontwikkeling plaatsvindt, kunnen onzekerheid en strategische waarde van het besluit 
ook aanwezig zijn, met name in gevallen waar nieuwe producten worden ontwikkeld en 
geïntroduceerd in nieuwe of bestaande markten. Dit geeft aan dat de methodologie van belang 
kan zijn buiten het gebied van softwareproductontwikkeling. Nader onderzoek op dit gebied is 
nodig om sterkere uitspraken te kunnen doen (sectie 5). 
 
 
4. Beschouwing van de Gekozen Methode van Onderzoek [filosofie, benadering, strategie] 
 
In deze sectie worden de gekozen onderzoeksfilosofie, -benadering en -strategie nogmaals 
beschouwd:   

1. Onderzoeksfilosofie. Zoals beschreven in hoofdstuk 2 kan dit onderzoek niet éénduidig 
geclassificeerd worden als of positief/realistisch of interpretatief. In deze studie is een 
gestructureerde aanpak gevolgd, waarbij gekeken is naar feiten en oorzaken van gedrag. 
Dit is een karakteristiek van een positieve onderzoeksfilosofie. Aan de andere kant is 
bevestigd in de casusstudies, dat het moeilijk is betrouwbare kwantitatieve informatie 
betreffende ontwikkelde producten en de gevolgde processen te krijgen. Reden is het 
gebrek aan overeenstemming over softwaremetingen en gebrek aan volwassenheid in 
software-engineering. Het was bijvoorbeeld vaak moeilijk, zo niet onmogelijk, de 
oorspronkelijk geplande doorlooptijd en ontwikkelingskosten te achterhalen, of de 
actuele doorlooptijd en ontwikkelingskosten, en een indicatie van de verwachte kosten 
voor correctief onderhoud.  

2. Onderzoeksbenadering. De onderzoeksbenadering wordt geclassificeerd als inductief (zie 
hoofdstuk 2), omdat een methodologie ontworpen is op basis van de verkregen resultaten 
uit relevante theorie en verkennende casusstudies, terwijl feiten verzameld werden op 
kwalitatieve wijze in plaats van kwantitatieve wijze (Saunders et al. 2003, pp.86-87). 
Gebrek aan volwassenheid ten aanzien van metingen in software-engineering zou het 
moeilijk gemaakt hebben het aantal steekproeven van voldoende omvang uit te voeren 
om conclusies te generaliseren (Saunders et al. 2003, p.87). Aan de andere kant zijn er 
enige conclusies getrokken ten aanzien van de externe geldigheid van de methodologie, 
zoals samengevat in sectie 3. Door het volgen van een inductieve benadering wordt de 
methodologie niet beschouwd als de enig mogelijke verklaring voor het beschrijven en 
beoordelen van strategisch vrijgavebesluiten voor software. Het is waarschijnlijk dat 
deze methodologie verder uitgebreid en verfijnd kan worden. 

3. Onderzoeksstrategie. Casusstudies als onderzoeksstrategie bieden een goede 
mogelijkheid om vrijgavebesluiten voor software in een praktische context te bestuderen 
met als primair criterium het gebrek aan onderzoeksresultaten betreffende het 
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onderzoeksobject. Een belangrijk vereiste is het gebruik van meerdere bewijsbronnen; in 
dit onderzoek: interviews, vragenlijsten en documentatie. De geretourneerde 
vragenlijsten waren vaak niet volledig ingevuld of verschillende informanten 
interpreteerden vragen op verschillende wijze. De interviews en documentatie zijn 
gebruikt om de informatie volledig te maken en onjuiste interpretaties te verwijderen. De 
interviews worden met name als belangrijk beschouwd. Door het creëren van een klimaat 
van wederzijds vertrouwen werd waardevolle informatie verkregen, met name 
betreffende de posities van verschillende belanghebbenden in het besluitvormingsproces. 
Indien vragenlijsten als alternatieve onderzoeksstrategie waren gebruikt, is het niet zeker 
of deze informatie had kunnen worden verkregen. Bovendien, zoals eerder vermeld, 
waren geretourneerde vragenlijsten vaak niet volledig ingevuld of verschillende 
informanten interpreteerden vragen op verschillende wijze. De gebruikte criteria voor de 
casusstudies waren succesvol in de zin dat de resultaten uit alle uitgevoerde casusstudies 
gebruikt konden worden. De casusstudies hebben veel tijd in beslag genomen. 
Verscheidene organisaties gaven in eerste instantie aan belangstelling te hebben aan het 
onderzoek deel te nemen, maar trokken zich terug na verkennende besprekingen. De 
meeste deelnemende organisaties moesten meerdere keren worden bezocht: 
voorbereiding van de casusstudie, interviews die niet altijd in dezelfde periode gepland 
konden worden (met als gevolg extra reizen), en de goedkeuring en presentatie van de 
resultaten. Wat was de toegevoegde waarde van de casusstudies? In de eerste plaats zijn 
veel aspecten binnen de methodologie afgeleid van de resultaten van de casusstudies uit 
de Verkenningsfase (zie procesgebieden ‘Release Definition’ en ‘Release Information’). 
In de tweede plaats hebben de resultaten van de casusstudies de onderzoeker ondersteund 
bij het ontwerpen van de methodologie door voorbeelden uit de praktijk ter beschikking 
te hebben.  

 
 
5. Suggesties voor Vervolgonderzoek 
 
De gepresenteerde multidisciplinaire benadering van strategische vrijgavebesluiten voor 
software is een poging deze besluiten te beschrijven en een instrument aan softwarefabrikanten 
te bieden verbeteringsgebieden te identificeren. Deze studie biedt ruimte voor vervolgonderzoek 
in dit belangrijke aandachtsgebied. Tijdens het onderzoek zijn acht punten van specifiek belang 
geïdentificeerd voor vervolgonderzoek, zoals hieronder beschreven:  

1. Verder onderzoek naar de volledigheid van de methodologie. In hoofdstuk 11 is de 
volledigheid van de methodologie aan de orde gesteld met casusstudie J als referentie. In 
deze casusstudie waren alle relevante procesgebieden naar tevredenheid 
geïmplementeerd. De terugkoppelsessie met de betrokken projectleden en een terugblik 
op de methodologie bracht geen nieuwe inzichten aan het licht. De conclusie is echter dat 
vanwege het beperkte aantal casusstudies additioneel onderzoek nodig is in 
overeenkomstige en andere softwarefabrikantomgevingen om de volledigheid van de 
methodologie nader te verkennen.  

2. Toepassing van de NPVI-methode in een commerciële omgeving. Eén van de 
oorspronkelijke doelstellingen in dit onderzoek was het demonstreren van de 
mogelijkheid een economisch model te definiëren voor de evaluatie en vergelijking van 
verschillende vrijgavealternatieven. Hiertoe is de NPVI-methode gedefinieerd. Zoals 
verklaard in sectie 2 zijn er geen omgevingen gevonden om de toepasbaarheid van deze 
methode in een praktische context te valideren. Verder onderzoek zou uitgevoerd kunnen 
worden om de potentiële voordelen vast te stellen in een praktische context. Dit kan 
mogelijkerwijs leiden tot verdere uitbreidingen en/of verfijningen van de methode, 
bijvoorbeeld door integratie van de ‘time-to-build’- en ‘growth’-opties (zie hoofdstuk 6). 

3. Mechanismes om de kosteffectieve zone van informatieperfectie te bepalen. In dit 
onderzoek wordt de kosteffectieve zone geïntroduceerd voor informatieperfectie 
(hoofdstuk 7). Beneden de kosteffectieve zone is de marginale waarde van extra 
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informatie hoger dan de marginale kosten, boven de kosteffectieve zone zijn de 
marginale kosten hoger dan de marginale waarde van deze extra informatie. Het concept 
van een kosteffectieve zone is kwalitatief gebruikt in dit onderzoek, maar verder 
kwantitatief onderzoek op dit gebied kan waardevol voor softwarefabrikanten zijn, omdat 
het hen in staat zal stellen betere afwegingen te maken wanneer zij geconfronteerd 
worden met vrijgavebesluiten: doorgaan met testen of het product vrijgeven? Dit is een 
moeilijk aspect om te onderzoeken, echter men zou zich kunnen richten op metingen om 
betrouwbaarheid en onderhoudbaarheid te evalueren afhankelijk van de aanwezige 
risico’s  [een uitbreiding op het werk van Rae and Robert (1995)]. 

4. Factoren die de aspiratieniveaus van geïdentificeerde belanghebbenden beïnvloeden. De 
aanwezigheid van onzekerheid als gevolg van onvolledige en onbetrouwbare informatie 
en cognitieve beperkingen aan de ene kant en de aanwezigheid van bronnen van conflict 
aan de andere kant kunnen tot gevolg hebben dat belanghebbenden in een vrijgavebesluit 
verschillende aspiratienievaus hebben, zoals besproken in hoofdstuk 8.  In dit onderzoek 
is deels tijd besteed aan het identificeren van factoren die de verschillende 
aspiratieniveaus van geïdentificeerde belanghebbenden beïnvloeden. Omdat hier echter 
niet expliciet aandacht aan was besteed tijdens de verkennende casusstudies, was er 
onvoldoende bewijs beschikbaar onderbouwde uitspraken te doen. Nader onderzoek op 
dit gebied kan mogelijkerwijs meer inzicht verschaffen in de potentiële oorzaken voor 
verschillen in aspiratieniveaus, hetgeen kan bijdragen aan het reduceren of zelfs 
elimineren van deze verschillen.  

5. Modellen om de mate van betrouwbaarheid voor vrijgave en de onderhoudsinspanning 
na vrijgave te voorspellen. In dit onderzoek is herhaaldelijk benadrukt dat 
softwarefabrikanten geconfronteerd worden met serieuze problemen wanneer zij trachten 
uitspraken te doen over de productbetrouwbaarheid voor vrijgave en de verwachte 
onderhoudskosten na vrijgave, gebaseerd op de betrouwbaarheid en onderhoudbaarheid 
van het product. De toepasbaarheid van bestaande theorie is beperkt (hoofdstuk 3) en de 
verkennende casusstudies geven aan dat dit inderdaad een problematisch gebied is 
(hoofdstuk 4). Dit bemoeilijkt de vaststelling van de kosteffectieve zone, met name voor 
grotere en complexere softwareproducten. Dit probleemgebied is al decennia bekend, 
maar er is geen oplossing naar voren gekomen die een breed draagvlak geniet. De 
‘traditionele’ ontwikkelingsmethodes zijn niet in staat hier mee om te gaan, hetgeen 
mogelijk impliceert dat door toenemende onzekerheid de vrijgaveafweging moeilijker 
wordt in de nabije toekomst. Het zou waardevol kunnen zijn, hoewel ambitieus, 
onderzoek te verrichten op het gebied van totaal nieuwe ontwikkelingsmethodes met als 
doel deze onzekerheid te elimineren of in ieder geval terug te dringen en daarmee te 
komen tot geïnformeerde onzekerheid in de besluitvorming in plaats van een hoge mate 
van onzekerheid. 

6. Onderzoek naar de mogelijke correlatie tussen besluitkarakterisering van 
vrijgavebesluiten voor software en de mate van procesvolwassenheid. In hoofdstuk 4 
wordt naar voren gebracht of er een correlatie bestaat tussen besluittype en 
procesvolwassenheid. Zal een hogere procesvolwassenheid een niet-routinematige 
besluittype veranderen in een routinematig besluit? Motivatie zou kunnen zijn de 
verbeterde grip op het ontwikkelingsproces. De beschikbaarheid van historische data zou 
sterkere voorspellingen ten aanzien van betrouwbaarheid mogelijk moeten maken door 
het gebruik van methodes als COQUALMO (Chulani 1999) en Orthogonal Defect 
Classification (Chillarege et al. 1992) en benaderingen als Bayesian nets (Fenton en Neil 
2001) en Goal Structuring Notation (Kelly 1998), zie hoofdstuk 3. De verkennende 
casusstudies gaven geen antwoord op deze vraag, maar het zou interessant kunnen zijn te 
onderzoeken of hogere procesvolwassenheid hiertoe leidt. Indien ja, dan zou dit een sterk 
argument opleveren om te investeren in procesverbetering. Een gerelateerd aspect is hoe 
hogere procesvolwassenheid de kosteffectieve zone beïnvloedt. In hoofdstuk 10 wordt 
beargumenteerd dat hogere volwassenheid mogelijkerwijs leidt tot een minder onzekere 
en goedkopere kosteneffectieve zone en dat besluitvorming in toenemende mate 
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gebaseerd wordt op overtuigende informatie. Het kan interessant zijn dit verder te 
onderzoeken, omdat ook dit een sterk argument zou opleveren voor procesverbetering. 

7. Toepasbaarheid van de methodologie in andere engineeringomgevingen. Bij het 
bespreken van de externe geldigheid van de methodologie is aan de orde gesteld of de 
geldigheid van de methodologie buiten het domein van software engineering reikt. Deze 
vraag is onbeantwoord gebleven. Het kan waardevol zijn verder in te gaan op deze vraag 
teneinde een bevredigend antwoord te vinden. Via vervolgonderzoek kan worden 
geïdentificeerd in welke mate andere engineeringdisciplines hun voordeel zouden kunnen 
doen met deze methodologie, en of er mogelijk belangrijke verschillen bestaan. 

8. Integratie met theorieën over andere fasen uit de life-cycle. In de life-cycle benadering 
van software producten worden theorieën en ondersteunende methodes, methodologieën 
en technieken ontwikkeld om efficiënte en effectieve ontwikkeling en onderhoud van 
softwareproducten te optimaliseren gedurende de hele life-cycle; van strategische 
planning, tot ontwikkeling, tot exploitatie en tot ‘end-of-life’-besluiten (Berghout 2002). 
Belangrijke recente publicaties zijn: 
- Op het gebied van strategische planning:  

‘Evaluation of information system proposals: design of a decision support method’ 
(Berghout 1997); 

- Op het gebied van ontwikkeling:  
‘Product focused software process improvement’ (Solingen 2000); 

- Op het gebied van exploitatie:  
‘The Alignment of Operational ICT’ (Klompé 2003). 

Een richting voor toekomstig onderzoek zou kunnen zijn de integratie van de 
verschillende theorieën in één coherente theorie die de hele life-cycle beslaat. Dit zou 
kunnen geschieden door middel van een stapsgewijde benadering, bijvoorbeeld door in 
eerste instantie de relatie van de in dit proefschrift voorgestelde methodologie te 
onderzoeken met andere theorieën.    

 
 
6. Slotopmerkingen 
 
De ondertitel van dit proefschrift is ‘Zijn de cijfers daadwerkelijk van belang?’ Uiteraard zijn 
ze van belang. Het identificeren van cijfers en het ontwikkelen van modellen om de cijfers te 
interpreteren zou een prominente plaats moeten innemen in het onderzoek binnen de 
vakgebieden Informatie Systemen (IS) en Software Engineering (SE). In het algemeen zullen 
softwarefabrikanten alleen investeren in nieuwe softwareproducten indien de verwachte 
nettocontantewaarde van hun investeringen positief is. Dit is geldig zowel voor 
softwarefabikanten die hun producten verkopen aan externe klanten als voor 
softwarefabrikanten die investeren in softwareproducten [informatie technologie] om de 
efficiëntie en/of effectiviteit van hun interne organisatie te verbeteren.  
 
In een praktische context is echter de vaststelling van het optimale vrijgavemoment vanuit een 
kwantitatief, financieel perspectief moeilijk, zo niet onmogelijk vanwege de aanwezigheid van 
complete onzekerheid in tegenstelling tot zekerheid of geïnformeerde onzekerheid (hoofdstuk 
4). Er zijn drie bronnen van onzekerheid: 

 De huidige stand op het gebied van software-engineeringtechnologie is zodanig dat het 
op voorspelbare wijze bouwen van softwarecomponenten en -producten met 
voorspelbaar gedrag eerder uitzondering dan regel is. Hoewel nieuwe innovaties 
beschikbaar zijn of zullen komen is hun toepassing in de software-industrie vooralsnog 
uiterst beperkt.  

 Informatie heeft een prijs in tijd en geld, hetgeen besluitnemers dwingt een afweging te 
maken tussen de kosten en baten van additionele informatie.  
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 Besluitnemers vereenvoudigen de reële wereld, omdat zij niet kunnen ontkomen aan de 
diverse psychologische krachten die individueel gedrag beïnvloeden. In combinatie met 
de mogelijke aanwezigheid van bronnen van conflict kunnen verschillende 
belanghebbenden verschillende aspiratieniveaus ervaren. Daarom is ‘tevredenstellend’ 
gedrag, waarbij besluitnemers consensus trachten te vinden en kiezen voor een voor alle 
betrokken acceptabel vrijgavealternatief, een goede karakterisering van het 
besluitvormingsproces tot softwarevrijgave zoals gevonden in de bestudeerde 
omgevingen.  

 
De focus van deze studie is het benaderen van vrijgavebesluiten voor software van enerzijds 
een kwantitatief, economisch perspectief en anderzijds een kwalitatief perspectief betreffende 
de besluitvorming. Meer belangstelling voor cijfers door valide informatie [inclusief historische 
data] te verzamelen om verschillende vrijgavealternatieven te kunnen vergelijken en te 
evalueren [bijvoorbeeld aan de hand van de gepresenteerde NPVI-methode] en de resultaten te 
bespreken met de besluitnemers, is belangrijk om onzekerheden terug te dringen naar meer 
acceptabele niveaus, zodat verschillen in aspiratieniveaus van belanghebbenden in het 
besluitvormingsproces worden teruggebracht of geëlimineerd. Dit is een belangrijke bijdrage 
om onzekerheid terug te dringen, en situaties waarin mensenlevens op het spel staan te 
minimaliseren. Dit geldt met name voor softwareproducten waarvoor betrouwbaarheid, 
veiligheid en zekerheid belangrijke niet-functionele vereisten zijn.  
 
De resultaten van dit onderzoek bieden softwarefabrikanten een instrument dat hen in staat stelt 
hun software vrijgaveproces te begrijpen, te beoordelen en te verbeteren. Succesvolle adoptie 
van de methodologie vereist echter dat softwarefabrikanten de kosteffectieve zone bereiken; 
een zone waarbinnen cijfers zinvol zijn en overtuigend kunnen worden gebruikt geïnformeerde 
besluitvorming te ondersteunen. Het is waarschijnlijk dat onzekerheid toe zal nemen vanwege 
alsmaar toenemende softwareomvang, en de afwezigheid van substantiële verbeteringen in 
foutpotenties en verwijderefficiëncies (er worden relatief meer fouten veroorzaakt en minder 
fouten gevonden indien de softwareomvang toeneemt). Zonder de beschikbaarheid en 
succesvolle adoptie van methoden ter verbetering van de softwareproductiviteit en software 
kwaliteit, zal het moeilijker worden voor softwarefabrikanten software vrijgavesucces te 
bereiken. In zo’n situatie is het waarschijnlijk dat het besluitvormingsproces rondom vrijgave 
gedomineerd wordt door een hoge aanwezigheid van ‘challenge’-processen en -strategieën en 
dat de cijfers in toenemende mate incompleet en onbetrouwbaar zullen worden: ze zijn nog 
steeds van belang maar hebben minder waarde en zullen waarschijnlijk terzijde worden 
geschoven, leidend tot besluitvorming op basis van intuïtie in plaats van besluitvorming 
gebaseerd op cijfers. 
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