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Abstract 
 
Title: Success Evaluation and Measures in Software Process Improvement 

 
Authors: Tony Gorschek, Pär Åsfält 
 
Supervisor:  Lars Svensson 
 
Department: School of Management, Blekinge Institute of Technology 
 
Course: Bachelor’s thesis in Business Administration, 15 credits ECTS 
 
Purpose: Investigate and examine industry practice with regards to evaluation of process 
improvement, identification of measures and methods for success evaluations. The main 
reasoning is to use empirical data from industry, data from academia and research as input for 
suggesting proposals for improvement and discussion new avenues for future research in a 
field not addressed by e.g. traditional investment theory or marketing research.  
 
Method: Interviews were used and several data sources were elicited to gather empirical data. 
Literature surveys complemented this. Ultimately a triangulation approach was adopted to 
gradually and continuously compare and identify the chasms between academia and the 
reality and needs of industry. 
 
Results: The results can be described in three parts. First, there is a empirical investigation 
showing what measures and models are used in industry. These are discussed and put against 
literature (the academic view) in both the software engineering field, but relevant research is 
also scrutinized in business management field, e.g. investment theory. 
The second contribution is the concrete proposal of three methods for evaluating process 
improvement success. The first two of these are actually useable and take notice of the 
limitations identified in industry through the empirical investigation, i.e. no assumptions and 
theoretical models are presented in the first part of the proposal. The second part of the 
proposal is designed to present an outlook of the overall potential, provoking a discussion and 
ultimately leading out to a conclusion of future research needed in the field.   
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Sammanfattning 
 
Titel: Mätning och utvärdering av framgång gällande processförbättringar i 
mjukvaruutveckling. 
 
Författare: Tony Gorschek, Pär Åsfält 
 
Handledare: Lars Svensson 
 
Institution: Managementhögskolan, Blekinge Tekniska Högskola 
 
Kurs: Kandidatarbete i företagsekonomi, 15 ECTS poäng. 
 
Syfte: Vårt syfte är att undersöka industrins tillvägagångssätt för att utvärdera 
processförbättringar, och att undersöka deras metoder och mätvärden för att avgöra om en 
processförbättring var framgångsrik. Denna uppsats är baserad på empirisk data från industrin, 
samt data från akademisk forskning. Datan används som grund vid utvecklandet av nya 
förbättringsförslag samt för att diskutera och föreslå nya forskningsområden som inte tidigare 
behandlats i traditionell investeringsteori eller marknadsföring.   
 
Metod: Vi använde intervjuer och flera informationskällor för att samla empirisk data. Detta 
kompletterades med litteraturstudier. Slutligen användes en triangulering som applicerades 
gradvis för att kontinuerligt jämföra och identifiera luckor mellan den akademiska 
forskningen, verkligheten och behovet i industrin. 
 
Slutsatser: Resultaten kan beskrivas i tre delar. För det första visar den empiriska 
undersökningen vilka mätvärden och modeller som används i industrin. De här diskuteras och 
ställs mot litteraturen (den akademiska ståndpunkten) i både programvaruteknik men relevant 
undersökning är undersökt i det företagsekonomiska fältet, närmare bestämt investeringsteori. 
Det andra bidraget är det konkreta föreslag av tre metoder för att utvärdera 
processförbättringarnas framgång. De första två av dessa är faktiskt användbara och tar 
hänsyn till de begränsningar som identifieras i industrin genom den empiriska 
undersökningen, alltså är inga antaganden eller teoretiska modeller presenterade i den första 
delen av första delen av förslaget. Den andra delen av förslaget är utformad för att presentera 
en överblick av den övergripande potential som föranleder en diskussion och utmynnar i en 
slutsats av nödvändig framtida forskning på området. 
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1 Introduction 
 
Software development is the act of selecting what to develop, how to develop, and ultimately 
implement a product, actions typically called analysis, design, and implementation in the 
Software Engineering industry [1]. The classical definition of “production” does not apply as 
we are not dealing with classical manufacturing. Compared to classical manufacturing of e.g. 
cars, software development can be compared to the Research and Development phase 
preceding the launch of a new car model. In the software development concept the following 
is included:  

• requirements engineering (deciding what to develop, input are requirements)  
• initial analysis (bridging the gap to technical design and feasibility analysis) 
• design (how to implement the requirements)  
• implementation (e.g. programming, where value is created based on requirements) 
• verification (ensuring that the product is developed correctly according to requirements) 
• validation (ensuring that the right product is developed with regards to e.g. customer) 
• release (delivery of product to customer, market etc) 

 
The largest cost area in software development is the development itself as the invention of 
information (e.g. software) is expensive, but the reproduction (manufacturing) is inexpensive  
[2, 3]. Compare this to the traditional production industry where the manufacturing often is 
the largest cost area [4], i.e. even if the initial design of an e.g. a car can be cost intensive, the 
overall cost area of manufacturing parts and assembling the car is much larger where a 
production of e.g. only a 100 000 cars is concerned. 

 
Looking at the characteristics of the software products themselves some key aspects can be 
observed when comparing software products to other industrial products, see Table 1. As 
mentioned before, the main cost of developing software is in the development phase where 
engineers are the main resource that take the requirements as input, add value through design 
and implementing them, and software constitutes the output. This can be compared to 
traditional manufacturing where materials are used as input, value is added through the 
refinement of the materials, and output is a product [5]. 

 
The complexity of software products is usually much higher than for many other industrial 
products. A part of this is of course that software is intangible (cannot be seen or visually 
inspected in the same way as a physical entity). In addition the development of software is 
mainly about invention of things never before done by an organization, also indicating larger 
risk of defects introduced which can only be detected during the development phase, 
compared to the development of traditional industrial products where defects can be caught 
during development, production, and manufacturing [6]. 
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Table 1. Characteristics Software Products vs. Other Industrial Products (inspired by [6]). 
Characteristic Software products Other industrial products 
Main cost area Development (time, human resources) Manufacturing (time, material) 
Complexity Usually, very complex product allowing 

for very large number of operational 
options, invention of things never done 
before 

Degree of complexity much lower, 
allowing at most a few thousand 
operational options, usually based 
on things already done 

Visibility of product Invisible product, impossible to detect 
defects or omissions by sight  

Visible product, allowing effective 
detection of defects by sight 

Nature of development and 
production process 

Opportunities to detect defects arise in 
only one phase, namely product 
development – then the software is 
released (no manufacturing where defects 
can be detected). 

Opportunities to detect arise in all 
phases of development and 
production: 

• Product development 
• Product production 

planning 
• Manufacturing 

 
In some aspects software development can be compared to the classical definition of 
production of services [7], as some similarities can be observed. Services are generally 
described as intangible products [8], as is the case for software. However, software in contrary 
to services is a product, which can be stored, consumed (used) and distributed over time, 
without the direct involvement of the producer, which is not the case for services. 

 
As the concept of software products has been discussed, it is possible to move on to the work 
practices involved in the development (creation) of software (or any software intensive 
product).  
 

1.1 Software Processes – The Development Itself 
Software development is generally described as a coherent set of processes [3]. Each of these 
processes consists of a number of sub-processes and activities. An example can be eliciting 
(getting/catching/obtaining) requirements from a customer(s), here the main process is 
requirements engineering, the sub-process is elicitation, and e.g. interviews can be an activity 
[9]. Another example could be design (the process), modeling (a sub-process), and e.g. class 
diagram modeling (an activity).  

 
Thus all software development is a result of utilizing processes to achieve production of 
software [3]. As mentioned before the main cost area in software development is the 
development itself, i.e. the utilization of processes. The quality of these processes is thus 
directly linked to the quality of the software development and the resulting products being 
developed [10]. The assessment and improvement of these processes is the main tool which 
the software engineering community uses ‘to increase product quality and/or reduce costs 
and development time’ [3]. The area of interest in this thesis revolves around 
process/performance improvement of the software development process, an area traditionally 
called Software Process Improvement (SPI) [3, 10], with a focus on how improvements to the 
processes is measured and evaluated. For example, if a development organization decides to 
improve the way in which they develop software (improve their processes), how is the result 
of this improvement evaluated and measured? 
 
The outline of this thesis is as follows: The methodology used in the thesis together with a 
validity discussion is presented in Section 2, also giving a detailed overview of the thesis 
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structure. Section 3 holds the theory used in the thesis, and as a background to the main 
subject area of this thesis, namely evaluation and measurement of SPI success, the concept of 
SPI is detailed. The SPI overview covers the commonly used methodologies and frameworks 
for SPI, a background needed to understand the complexity of the subject as well as the 
contribution of the thesis. In addition, we discuss the main focus of the thesis, namely how 
success of SPI is measured today in industry in Section 6. Section 7 covers the main 
contribution of the thesis as detailed below. Section 8 holds the conclusions.   

The main contribution of the thesis can be summarized in five steps: 
• First, we present how SPI (success) is evaluated and measured according to 

literature and research in the area of software engineering, i.e. what is 
recommended from academia (See Section 4) 

• Second, theories in business administration relevant for success evaluation and 
measurement are investigated and described (See Section 5) 

• Third, empirical data collected from several organizations involved with extensive 
SPI efforts is presented, depicting how it is done in industry practice (See Section 
6) 

• Fourth, using the three sources as a inspiration several concrete proposals are 
shown how SPI success could be ascertained in an organization (the main focus 
here is to develop realistic and usable and useful proposals based on good-ideas 
from academia, but taking the limitations of industry reality into account) – each 
proposal is described with pros and cons together with a situational context (i.e. for 
what circumstance could it be appropriate to use) (See Section 7) 

• Fifth, the last parts of this thesis describes conceptual models illustrating the 
potential of utilizing investment theory concepts combined with the development 
of measurement programs adequate for pre- and post-evaluations. The purpose of 
this part is to stimulate discussion and future research (See section 7.1.3) 

 
A summary of the concepts used in the introduction can be seen in Table 2. 

 
 Table 2.  General Concept Overview (inspired by [3]). 
Question Answer 
What is software? Computer programs and associated documentation. Software 

products may be developed for a particular customer or may be 
developed for a general market. 

What is software engineering? Software engineering is an engineering discipline which is 
concerned with all aspects of software production. 

What is the difference between software 
engineering and system engineering? 

System engineering is concerned with all aspects of systems 
development, including hardware, software and process 
engineering. Software engineering is part of this process. 

What is a software process? A set of activities whose goal is the development or evolution of 
software. 

What is a software process model? A simplified representation of a software process, presented from 
a specific perspective. 

What are the costs of software 
engineering? 

Roughly 60% of the costs are development costs, 40% are 
verification and validation. For custom software, evolution costs 
often exceed development costs. 

What are software engineering methods? Structured approaches to software development which include 
system models, notations, rules, design advice and process 
guidance. 

What are the key challenges facing 
software engineering? 

Coping with increasing diversity, demands for reduced delivery 
times and developing trustworthy software. 

What is software process improvement? Software process improvement means understanding existing 
processes and changing these processes to increase product 
quality and/or reduce costs and development time. 
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2 Methodology 
 
The research methodology section is structured according to a triangulation principle. This 
basically implies that multiple data sources are used to gather data in order to assure a higher 
level of validity and at the same time cover the field and maximize the utilization of several 
data sources. Figure 1 illustrates the triangulation. It utilizes the same principles of multiple 
data point triangulation as described by Gorschek and Wohlin [11] to increase result validity 
and catching relevant information. Below each data point is described in further detail. 

• Point A is on the top of the triangle consists of studying literature in the field of 
software engineering (process improvement and quality models etc). In addition to this 
relevant experience reports from industry (published articles) will be studied as they 
report on experiences with SPI and how success of SPI is measured and calculated 
today. 
Methods utilized are literature surveys [12] of books, scientific (published) articles. 
Non peer-reviewed sources may be used but not as central sources. 
Analysis of the literature will be done and the results of it will be put in the theory 
section as background and motivation. The theory will also be used as one data point 
in the triangulation. 

 
 

 
Figure 1. Research Triangulation Overview 

 
• Point B to the left is similar to point A, but concentrates on the area of business 

administration theory. The point is to cover the field and have a different perspective 
on evaluation and measurement than described in point A. 
Methods utilized are literature surveys [12] of books, scientific (published) articles. 
Non peer-reviewed sources may be used but not as central sources. 
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Analysis of the literature will be done and the results of it will be put in the theory 
section as background and motivation. The theory will also be used as one data point 
in the triangulation. 

• Point C to the right consists of studying industry practice catching both present 
practices (e.g. what is measured, how is it measured and used etc.), but also collecting 
expert opinions from senior researchers and managers regarding what could be 
measured (new ideas and whishes based on experience).  
Methods utilized are semi structured interviews [12, 13] for collecting the expert 
opinions and information regarding current practices. As the study is exploratory [12] 
to a certain degree implying that follow-up questions not specified in advanced are 
allowed. This is to ensure that unanticipated avenues of investigation are not missed 
due to a rigid interview structure. It is important to realize that the subjects 
participating in the interviews are senior industry scientists and senior management 
thus the number of interviews will be limited. Semi structured interviews can enable 
areas of interest to be covered in more detail than a structured interview, i.e. the main 
point of the interview is not to prove a hypothesis but map an area [13]. The utilization 
of e.g. questionnaires could also be contemplated but as the number of subjects is 
limited in-person interviews are less prone to error with regards to misunderstanding 
and other validity threats [12].  
The understandability and issues of formulation of the interview questions will be 
piloted in academia prior to the interviews being conducted in industry. This 
validation will take the form of testing the interview questions on research colleagues 
getting input regarding formulation, spelling, omitted questions etc. at an early stage, 
these pilot tests are a recommended practice which greatly alleviates some validity 
threats (see Section 2.2). 
Analysis of the interviews will be both qualitative and quantitative in nature. Most of 
the questions and thus analysis will be qualitative as is the nature of most interviews. 
The quantitative part may be applied if questions are formulated in a way allowing for 
direct comparison between subjects or if the questions are quantitative (e.g. often 
predefined set of possible answers).  The quantification of qualitative results [14] is 
also possible when relevant. For example if open ended questions are posed similar 
answers can be counted, although this will not be clear until post interview.  
Further the analysis will be conducted manually, i.e. no key word processors or 
automated analysis tools will be used as the number of interviews does not merit this. 
The method utilized for the actual analysis is not formalized, as there is not real “right 
way” of doing analysis, but it relies on the researchers’ ability to making comparisons, 
contrast answers and drawing conclusions [15].  
Both confirmatory and exploratory data analysis [12] will be utilized as we will try to 
validate the data points collected in Point A and B, and also find things and issues 
omitted (not found in e.g. literature).  
Content analysis [12] will be used to gather data from several SPI projects. 

 
The steps utilized to perform the work presented in this thesis can be seen as a iterative 
waterfall model [3], involving several steps following upon each other, but with the 
possibility to go back and repeat or complement a step when necessary. Figure 2 gives an 
overview of the work process and its steps. Step one and two map directly to Point A and B 
previously described. Step 3 maps to Point C. Step 4 involves the formulation of several 
proposals that are based on Step 1 through 3.   
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Figure 2. Overview of Overall Work Performed in Thesis 

 

2.1 Sampling 
This section introduces the companies (see Point C), the selection criteria are discussed. 
 

2.1.1 The Industry Representatives (the Companies) 
Danaher Motion Särö AB 
DHR develops and sells software and hardware equipment for navigation, control, fleet 
management and service for Automated Guided Vehicle (AGV) systems. More than 50 AGV 
system suppliers worldwide are using DHR technologies and expertise together with their 
own products in effective transport and logistic solutions to various markets worldwide. The 
headquarters and R & D Centre is located in Särö, south of Gothenburg, Sweden. DHR has 85 
employees. DHR is certified according to SS-EN ISO 9001:1994 (currently working on 
certification according to ISO 9001:2000), but there have not been any attempts towards 
CMM or CMMI certification (see Section 3.1.2 for CMM/CMMI). 
 
DHR has a wide product portfolio, as the ability to offer partners and customers a wide 
selection of general variants of hardware and supporting software is regarded as important. 
Product Managers oversee development and new releases of products. 
 
Development projects range from six to nine months in calendar time, with a budget of 2000-
5000 person-hours. 
 
ABB Robotics 
ABB is a leader in power and automation technologies that enable utility and industry 
customers to improve performance while lowering environmental impact. The ABB Group of 
companies operates in around 100 countries and employs about 102,000 people. The transfer 
of new methods for requirement engineering was performed with one of the ABB 
development centers in Sweden. The product development part of this organization has 200 
employees, including development and product management. The organization is primarily 
working with product development, production and service, supporting ABB sales 
organizations as well as partners developing solutions for industrial use.  
 
ABB Corporate Research  
The ABB Group R&D activities are performed in the Corporate Research organization. 
Corporate Research has two different main activities: to execute strategic R&D activities 
which are corporate funded, and to provide expertise to the different business units as 
consultants. The activities are concentrated on the main focus areas for ABB, Power and 
Automation technologies.  
 



Tony Gorschek                                               Success Evaluation and Measures in Software Process Improvement 
Pär Åsfält   

Page 12 of 58 

The corporate funded activities are organized in several research programs. The Software 
Architecture and Processes program includes one part which is related to process 
improvement. The objective of this work is to improve the software development practices 
within the product development organizations in ABB. 

2.1.2 Selection (Sampling Criteria Discussion) 
The sampling performed with regards to this thesis can be described on two separate levels, 
macro sampling and micro sampling. Macro sampling refers to the overall choice of 
companies to use as industry representatives (Point C). The sampling technique used can be 
described as convenience sampling (i.e. not probability sampling) [12]. From this perspective 
it is not possible to assure that the sample is representative of other companies. One mitigating 
circumstance with regards to being representative is that we have two companies (DHR and 
ABB), and the company’s size, i.e. ABB is a collection of several company entities, each 
varying with regards to domain, size and locale. It could be argued that each of these 
companies within ABB is a separate “company” with regards to domain, market, locale, 
practices, number of employees, customers, and to some extent the processes they use for 
development.  
 
The micro sampling refers to the choice of interview subjects and documentation within the 
macro sample (for data mining). This is also largely based on convenience sampling, but with 
one important distinction. The SPI professionals participating in the interviews have 
experience from many SPI efforts (and SPI success measurements) from within their 
respective company, implying that their knowledge is not limited to only one case but rather 
several cases spread over several companies (within ABB for ABB representatives). This is a 
factor alleviating the potentially negative effects of using convenience sampling, mainly as the 
sample size increases. 
 
Optimally the sample would be simple random sampling within the companies, i.e. selecting 
data mining materials from the SPI efforts at random from all conducted ones, and then 
matching this with interview subjects only involved in these SPI efforts. This is made 
impossible by two facts. One, the professionals chosen for the interviews have been involved 
in many SPI efforts over the years and a selection based on random sampling would bring 
overlap and it is further not possible to ask the interview subjects to limit their answers to a 
randomly sampled set of experiences. Secondly, the data available with regards to 
measurement of SPI is not large enough as to merit exclusion of any good examples of SPI 
success evaluation/measurement. 
 
The main reason generally quoted by studies using convenience sampling is lack of time, we 
do not make such a claim as it is really a non-argument by itself. Rather we choose to quote 
access as an additional factor. Getting access to extremely sensitive data and senior personnel 
is very difficult - this is the main reason for not including several companies in addition to 
DHR and ABB in the study, although for the reasons stated above we consider ABB fairly 
representative for software development companies as it includes companies of varying 
characteristics. In addition DHR, the second company is totally independent from ABB. 
 
In summary it is possible to refer to the overall industry involvement as studying two cases 
(i.e. a holistic case studies [16]), but as several cases is studied within ABB a multiple case 
approach is also applied.  
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2.2 Validity Issues 
The validity of the thesis is divided into four areas: conclusion validity, internal validity, 
construct validity, and external validity. Below we discuss these in further detail. More 
information about possible threats to studies can be found in  Wohlin et al. [14] and Robson 
[17]. 
 

2.2.1 Conclusion Validity 
Conclusion validity sometimes referred to as statistical conclusion validity is concerned with 
issues such as sample size and instrumentation (e.g. interview questions). The sample and its 
size was discussed in Section 2.1. Regarding instrumentation a pilot-test is performed assuring 
that the questions posed are easily understood and have good coverage. In addition to this the 
interviews will be conducted in person with guarantees of anonymity (i.e. answers can not be 
traced back to any one source), and in an environment where the subject feels secure. Each 
interview will start with warm-up questions enabling the subject to get used to the situation 
prior to the posing of the central questions [12].  
 

2.2.2 Internal Validity 
The participants may mature during the interviews, i.e. as the interviews go on. This can 
present a potential problem. We however find this risk to be very moderate for several 
reasons. First, the subjects are seasoned professionals with years of experience. Thus, they 
will be focused on the supplying information that can be used as input to finding out what 
improvements can be done in the field, with focus on being usable and useful in the real 
world, enabling us to get good feedback. 
 
An addition factor could be the motivation of the subjects. We feel that this risk is very 
moderate as the cost and risk posed to the company is very moderate, and the potential gain 
greatly outweighs any adverse effects of helping us with the study. 
 

2.2.3 Construct Validity 
Generally refers to the appropriateness of the study setting with regards to the area of study. 
For example, the main purpose of the interviews is to get as much relevant data on SPI 
measurement as possible. Most of the subjects chosen have extensive experience within the 
area, indicating that the group is rather homogenous with regards to the area of study (all have 
much experience). In addition all of them have some training in the area of SPI and SPI 
implementation, e.g. certification training. The subject’s long experience will hopefully also 
minimize the risk of evaluation apprehension [14], i.e. that is when a subject is afraid of being 
evaluated. As the subjects are experienced and mature enough to realize that all processes and 
methods are possible to improve we believe that they will rather see this as an opportunity to 
improve and get a independent review of current practices.  
 
The use of several data sources (Point A, B and C with several interviews in point C) we also 
minimize the risk of mono-method bias [14] as we can check information gathered against 
each other, and for all practical purposes triangulate the information giving us a higher 
validity than if trusting e.g. only literature. 
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2.2.4 External Validity 
Is generally concerned with the ability to be able to generalize the results outside the study 
setting, in this case outside the companies DHR and ABB. The fact that we have to 
companies, and that ABB is a collection of companies (as discussed previously) we feel 
confident that the study will yield results applicable for a wider audience than just DHR and 
ABB. In addition, it should be noted that software development is to some extent a rather 
homogenous activity (e.g. often involving basic steps) and thus good practices can be 
transferred from one organization to another. The large and widely used frameworks of e.g. 
CMMI, ISO, and SPICE are all proof of this. Thus it would stand to reason that the 
measurement of improvement activities also could be usable across organizational boundaries. 
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3 Background and Theory 

3.1 Introduction to Software Process Improvement 1 
There exist several well-known and established SPI frameworks used for process assessment 
and improvement. Most of them are based on a general principle of four fairly straightforward 
steps, “evaluation of the current situation”, “plan for improvement”, “implement the 
improvements”, “evaluate the effect of the improvements”, and then the work takes another 
cycle (see Figure 3, inspired by [19]). 

 
A classic example of this continuous and in theory never ending cycle of improvement is seen 
in Shewart–Deming’s PDCA (Plan-Do-Check-Act) paradigm, which embraces the necessity 
for a cyclic and continuous process improvement as early as 1939 [20]. 

 

 
Figure 3. Generic process improvement scheme. 

 
However, there is a clear and distinctive difference between frameworks and how they 
approach process improvement. A rudimentary division of SPI frameworks can be done based 
on whether or not they are bottom-up (inductive) or top-down model-based (prescriptive) in 
nature. Below inductive and prescriptive SPI frameworks are characterized through 
exemplification of well-known examples of each. 
 

3.1.1 Inductive Frameworks (QIP) 
Basili’s QIP (Quality Improvement Paradigm) [21] is based on a bottom-up approach that is 
inductive in nature, i.e. what is to be performed in terms of improvements is based on a 
thorough understanding of the current situation (processes) [22]. QIP proposes a tailoring of 
solutions based on identification of critical issues identified in the project organization. 
Subsequently the solutions are evaluated in pilot projects before an official change is made to 
the process [23].  
 
The idea is to use experiences from executing processes in projects to base improvements on, 
i.e. there is no general initial assessment like performing a “baselining” against a pre-defined 
set of practices. Rather, as illustrated in Figure 4, inspired by [24], quantifiable goals are set, 
based on this improvements are chosen (which can be in the form of e.g. new processes, 
methods, techniques and/or tools).  
                                                 
1 Section 3 can be read in its entirety in 18. Gorschek T (2006) Requirements Engineering Supporting 
Technical Product Management. Blekinge Institute of Technology, Karlskrona. Observe that this only applies for 
Section 3. 
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Figure 4. Quality Improvement Paradigm (QIP). 

 
The improvement is then tested in a project (A through C), the metrics gathered are analyzed 
and compared to prior experiences, and last the new experiences are packaged and stored, i.e. 
in essence incorporated in the total experience repository of the organization [23]. 
 

3.1.2 Prescriptive (Model-based) Frameworks 
In contrary to inductive frameworks model-based process improvement is a prescriptive 
approach which is based on a collection of best practices describing how e.g. software should 
be developed. The prescriptive nature of such models lay in the fact that one set of practices is 
to be adhered to by all organizations. No special consideration is taken as to an organization’s 
situation or needs other than how the development process (at the organization subject to SPI) 
is in comparison to the one offered through the framework [10, 25]. A general trait common 
for most model-based frameworks is that assessments are performed as a benchmarking 
against the set of practices advocated by the model in question, i.e. interviews, questionnaires, 
and so on used as tools of the assessment are designed towards benchmarking. 

3.1.2.1 Capability Maturity Model 
The Software Engineering Institute’s CMM (Capability Maturity Model) [26-28] is probably 
one of the most well-known model-based SPI standards. It is centered on standardizing the 
contents of processes according to a predefined number of practices. It generally follows the 
steps described in Figure 3, i.e. starting with assessment of the organizational maturity 
(benchmarking against CMM practices). The process assessments generically associated with 
CMM are called CMM-based appraisals (CBAs). They are based on CMM’s practices and an 
SEI (Software Engineering Institute) questionnaire. An assessment can be performed with the 
assistance of SEI professionals or as a self-assessment (which requires training of in-house 
personnel by SEI) [10]. 
 
Subsequent to the assessment there is planning and preparation for introducing relevant 
practices (or changing present ones) to conform to CMM. This concerns both what practices 
are used, and in what order they are implemented. 
 
After the execution of the improvement a new assessment is performed to evaluate the success 
of the improvement as well as prepare for the next interaction [29].  
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The practices of CMM are organized into Key Process Areas (KPA), e.g. Requirements 
Management and Software Quality Assurance (CMM V1.1).  
 
Each KPA is placed on a certain level of maturity spanning from 1 to 5. The maturity levels 
are presented in Figure 5 where the bottom most level (1: Initial) is the lowest level of 
maturity where practices are undefined, the process is ad-hoc and non-repeatable (CMM does 
not have any KPAs on this level). As the maturity of an organization matures (Level 2 and 
upwards) KPAs (with relevant practices) are introduced for every step in a predefined order. 
 
As the original CMM was not aimed at any specific discipline (e.g. software development), 
but rather general in nature (suitable for any development organization) there was a need to 
introduce several other versions of the CMM framework which were aimed at more specific 
disciplines. As a result several “specific” CMM versions emerged, e.g. SW-CMM (CMM for 
Software) [30] and IPD-CMM (Integrated Product Development CMM) [31]. 
 

 
Figure 5. CMM maturity levels. 

 
In addition several other standards, largely based on or inspired by CMM, emerged. Some of 
the more well-known are CMMI (Capability Maturity Model Integration) [28], ISO/IEC 
15504 (a.k.a. SPICE – Software Process Improvement & Capability dEtermination) [32], and 
BOOTSTRAP [10]. The development of the new standards was also attempts to address some 
of the issues identified with CMM, as can be seen below. 

3.1.2.2 Capability Maturity Model Integration 
CMMI is the newest of these and is largely based on SW-CMM (V.2.0C) and IPD-CMM 
(V0.98A). Like the name implies “Integration” stands for the fact that CMMI is an integration 
of several CMM versions. The necessity of integration came from the impracticality of using 
several CMM versions in the same organization in order to cover the entire spectrum needed. 
CMMI was developed as “the one model” to replace use of multiple versions [33]. 
 
CMMI comes in two basic versions Staged and Continuous Representation. Both are based on 
the same KPAs (i.e. same content), but they are represented differently and thus address SPI 
in different ways. Staged Representation is aimed towards assessing and improving overall 
organizational maturity, i.e. following the maturity levels and implementing practices (KPAs) 
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as indicated to achieve an overall organizational maturity increase. Continuous Representation 
is adapted towards assessing and improving individual process areas, e.g. if RE practices are 
considered lacking in an organization, CMMI Continuous Representation can be used to 
address the specific process areas as relevant. 
 
However, it should be noted that even if CMMI allows for targeted improvements it still 
guides priorities, i.e. what practices should be improved/added and in what order, as it still is 
prescriptive (model-based) in nature [33].  

3.1.2.3 Software Process Improvement & Capability dEtermination 
ISO/IEC 15504, or as it is often referred to, SPICE, is influenced by CMM, but if compared 
SPICE is closer to CMMI. It should be noted that SPICE was developed in 1993, before 
CMMI, and that some parts of CMMI were designed to conform to ISO/IEC 15504 and not 
the other way around [33, 34]. This in addition to the fact that both were originally influenced 
by CMM makes for relatively easy mapping of contents (process areas) between SPICE and 
CMMI. There are however some differences, e.g. process areas that are present in one, but not 
in the other. A fundamental difference is that SPICE has only Continuous Representation (not 
Staged).  
 
A fundamental difference is that while CMMI can use both internal (if trained) or external 
(SEI) assessment group members SPICE demands that an external assessor be head of the 
assessment [34, 35].  

3.1.3 General SPI - Success Factors 
There is no shortage in SPI experiences reported from industry assessment and improvement 
efforts, based on both inductive and prescriptive frameworks, like the ones described above. 
Several factors (success factors) have been identified during the practical application of these 
frameworks as determinants of success [10, 19, 36-49]. Some of these factors (relevant to the 
research presented in this thesis) are summarized under a number of headings below2, and to 
some extent exemplified with the use of the frameworks described above. 

3.1.3.1 SPI Initiation Threshold 
The initial critical success factor is of course that an SPI initiative be adopted in the first 
place. The threshold for initiating and committing to an SPI effort is often high due to the 
associated resources that have to be committed. An assessment-improvement cycle is often 
rather expensive and time consuming [36]. A typical SPI cycle using e.g. CMM can take 
anything from 18 to 24 months to complete  and demand much resources and long-time 
commitments in order to be successful [10]. 
 
In addition the threshold is not lowered by the fact that many view extensive SPI frameworks, 
e.g. CMMI and SPICE as too large and bulky to get an overview of and to implement [19, 37, 
38]. This is in particular the case for small and medium sized enterprises (SMEs) (e.g. less 
than 250 employees) [50] where time and resources always are an issue both regarding 
assessment and improvement [19, 37, 38]. 
 
The problem of SPI frameworks being too large, costly and running over extended periods of 
time (long time until return on investment) is confirmed by some initiatives in research to 

                                                 
2 It should be observed that the naming of the success factors was done to summarize industry experiences with SPI, thus the naming of the 
factors are not directly mapped to any one source.  
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develop SPI frameworks of a lightweight type. Examples of this can be seen through the 
IMPACT project [51] where a QIP inspired framework is presented. Adaptations and versions 
of prescriptive frameworks like CMM has also been presented, see e.g. IDEAL [52] and 
Dynamic CMM [53]. 

3.1.3.2 Commitment and Involvement 
Assuming that there is a genuine desire and need for SPI in an organization there has to be 
commitment from management, which is considered one of the most crucial factors for SPI to 
be successful. SPI efforts need to be actively supported and management needs to allow for 
resources to be dedicated to the SPI effort. An example of a reoccurring problem is assuming 
that SPI work will be accomplished in addition to the organizations regular work-load [42-
47]. Management commitment is of course to some extent connected to cost and resource 
issues presented above, as management is less likely to commit to an SPI effort if it is very 
costly and time consuming. 
 
Commitment from management is of course not enough to ensure success. There has to be 
commitment and involvement by management, middle management and the staff e.g. 
developers (i.e. other parties that are involved in the SPI work and that are influenced by the 
outcome). It is a genuinely good idea to let the ones working with the processes every day be 
actively involved in the improvement work [42-46, 48, 49, 54]. One reason for this is that 
people that are a part of the organization often have insights and knowledge about what areas 
are in need of improvement, and this knowledge often becomes explicit during an assessment 
activity [55]. 
 
The use of inductive SPI frameworks is based on collecting and using experiences as a basis 
for all SPI work, which speaks to the advantage of e.g. QIP in this regard as the work is based 
on the experience of coworkers. However as there is no set of best practices (i.e. a predefined 
set of process areas like in CMMI or SPICE) QIP improvements might be limited in an 
organization with low maturity (inexperienced). CMMI could provide structure and a well 
defined roadmap to the SPI activity. On the other hand, CMMI might force practices on e.g. 
developers that they do not consider relevant or necessary, or miss issues that are important to 
the organization [56]. 

3.1.3.3 Goals and Measurement 
Irrelevant of SPI framework there should be clear and well defined goals pertaining to the SPI 
activity. This is achieved through preparation and planning, but also through having clear 
focus on what needs to be done (what is important to improve and why) [42-46, 57]. As 
improvements should be performed in a continuous manner, taking small evolutionary steps, 
prioritization of what to improve and in which order is implied [26, 47, 49]. This priority is a 
given when using prescriptive SPI frameworks as practices are predefined and so is the order 
of implementation. Using inductive frameworks like QIP this is left up to the SPI work group 
as the situation (current state) in the organization steers improvements as well as priority. 
 
A crucial part of any SPI activity is the ability to measure improvement effect in order to learn whether 
or not an improvement is successful [47, 57-59]. QIP propagates stringent adherence to 
collection (during pilot project) and analysis of metrics through e.g. GQM in order to 
ascertain if an improvement has been successful (compared to the goals set up). Prescriptive 
model-based SPI frameworks measure e.g. adherence to a set of predefined practices 
primarily, although measurement methods can be used as a part of this. 
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3.1.3.4 Summary of General SPI - Success Factors 
A summary of the factors presented above gives the following list: 
• SPI Initiation Threshold can be broken down into two main factors: 

F1: Time to return on investment (long-term work, long-term gain for an SPI cycle). 
F2: Cost/Resources/Size (the nature of large SPI frameworks implies commitment of 
much resources over an extended period of time regarding both assessment and the actual 
improvement). 

• Commitment and Involvement can be broken down into two factors: 
F3: Commitment to SPI by management. 
F4: Commitment to SPI and Involvement in the SPI work by staff/coworkers (e.g. 
technical managers and developers). 

• Goals and Measurement can be broken down into two factors: 
F5: Focus (on the SPI effort with clear and well-defined goals). 
F6: Measurability of improvement effects.  
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4 Measurability of Software Process Improvement  
(Data Source A) 

 
As SPI is the major tool for improving development quality (and indirectly product quality) in 
software development, being able to evaluate and measure the effects of SPI efforts is crucial. 
Both in terms of decision support for performing the SPI, evaluating the degree of success, 
and calculating and/or estimating the return of the investment (SPI is an investment of 
resources). Evaluation and measurement is stressed in Section 3.1.3.3 where the importance of 
collecting experience whether an improvement effort was successful or not is premiered.  
 
Evaluation is also a prerequisite for enabling organizational learning. Solving current 
problems requires experience/measures from previous SPI initiatives [60]. This enables 
organizations to decide in which order to prioritize improvements for further implementation 
(which areas to address in a SPI effort) [60]. Evaluations/measurements also play an 
important role when convincing management that SPI solves problems, and when resources 
for further SPI investments need to be motivated in the eyes of management, a prerequisite to 
getting management commitment [60].  
 
The following sections give an overview of how SPI efforts are evaluated/measured today 
with regards to the different types of SPI frameworks depicted in Table 3. Based on the 
division of SPI frameworks in the previous sections it is possible to see a division of the 
evaluation and measurement types into prescriptive and inductive. Evaluation and 
measurement of prescriptive frameworks is described in Section 4.1, and for inductive 
frameworks in Section 4.2.  

 
Table 3. Summary of evaluation and measurement. 

Type Sub-type Name Improvement 
Identification 
Method 

Measurement-
method 

Success 
measurement  

CMMI Staged and 
Continuous 

ISO Key Practices 
SPICE Continuous 

Prescriptive 
(Model-
based) 

Benchmarking 

CMM 

Predefined 
assessment 
based on model 

Staged 

Comparison to 
best practices 

 
QIP GQM: Set goals, 

collect own 
defined 
measurements 

Inductive 
(Bottom-up) 

Open-ended 

IDEAL 

Continuous, 
Bottom-up 
assessment 
based on needs 
(goals) Adherence to 

goals set, e.g. 
business needs 

Analyze the 
improvements 
ability to fulfill 
the goals 

4.1 Measuring Success in Model-based Frameworks (Adherence to 
Model) 

Model-based frameworks rest on the assumption that there exist a number of general best 
practices and adherence and utilization of these practices will result in the development of 
successful software products [10]. Therefore, the ability to adhere to the defined best practices 
determines the level of success. A successful process improvement initiative is determined 
through comparing how many practices from the framework the company has been able to 
incorporate in their processes. This is illustrated in Table 3 as Benchmarking when 
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frameworks like CMM, CMMI and SPICE are applied. Even ISO is a form of benchmarking 
practice (although more of a quality assurance framework than a process improvement 
framework).  
 
It should be observed that the measurement of model-based frameworks can be combined 
with e.g. GQM (see below) and/or other measures like productivity measurements, although 
the main measurement is adherence to the best-practices. 
 

4.2 Measuring Success in Inductive Frameworks (GQM) 
Inductive frameworks like QIP rely on evaluations based on fulfillment of some need or 
predefined goal, using a method like GQM (Goal Question Metric).  
 
Software products are intangible. In respect to measurements they consist of both internal and 
external attributes [61]. External attributes refers to the intangible group of characteristics that 
cannot be measured during the development process, since they largely are dependent on the 
environment in which the software is executed. Examples of external attributes could be 
reliability, quality and maintainability, attributes that can be subject to e.g. testing activities, 
but generally dependent on usage by e.g. a customer.  
 
Internal attributes on the other hand can be measured more easily, and consist of e.g. lines of 
code, number of classes, complexity, amount of functionality etc. A well-defined set of 
internal measurements can be measured and passed through a transformation model to reveal 
predicted information about future external measurements [61]. An example of this could be 
that a large amount of complexity coupled with many lines of code (both internal) can affect 
maintainability (external) negatively.  
 
The predicted external measurements are directly dependent of the quality of the 
transformation model. The creation of a transformation model requires the ability to select a 
set of internal measurements, link them together, and assign correct weights. Development of 
an accurate transformation model requires experiences in the company’s processes as well as 
general understanding of software engineering, but also deep knowledge in the domain in 
which the software should be executed. Therefore, this approach might generate too low 
accuracy in an immature company, and therefore not be either applicable or feasible. 
 
As mentioned in section 3.1.3.3, improvement measurements of SPI based on inductive 
frameworks requires clear and well-defined goals. A structured approach suitable is the Goal-
Question-Metric approach (GQM) [59]. According to Fenton and Pfleeger [61] measurement 
programs tend to fail because lack of focus and strategy. Measurements are captured because 
they are convenient to measure rather than useful to know. The output of such programs is a 
collection of unusable data. The GQM paradigm aims to avoid such situations by requiring a 
purpose for each captured measurement.  
 
The first step while using the GQM paradigm is to express an overall goal. Then a number of 
questions that support the overall goal are developed, questions that aim to assess if the goal 
has been meet [61]. The objective of GQM is to tie all the measurements to these questions, 
and thereby make it impossible to capture measurements that lack a purpose [62].  
 
Since inductive process improvement framework e.g. QIP does not follow a generic set of 
best practices (as model-based frameworks), measurements of adherence to e.g. a model is not 
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viable. To be able to measure the performance of new or changed processes (introduced 
through a SPI effort) the implication that the quality of product is directly dependent on the 
quality of process has to be accepted (see e.g. [10]). Then, the performance and improvement 
of processes can be measured through surveillance of their output. An example of this could 
be that a new process lessens complexity (internal) which in turn is estimated to increase 
maintainability (external). In this example the SPI is successful.  
 
Measurements of both processes and products, e.g. throughput of the process, number of 
defects detected, productivity, etc., can be captured. To decide the relevant set of 
measurements the GQM-paradigm could be used [62]. The same reasoning about the 
application of a transformation model in an immature company can also be applied in this 
context. Since the GQM-paradigm only shows the world (or product and processes) from a 
subjective perspective defined by how the question and measurements have been combined, 
inappropriate or unconscious construction of the GQM-three can result in incorrect 
conclusions and incorrect answer to the overall goal. 
 

4.3 Measuring success Industry Examples  
Return on investment (ROI) of SPI can be seen as the level of success. Software engineering 
literature (industry experience) generally calculates ROI of SPI by taking: (benefits – costs) ÷ 
costs or just by taking benefits ÷ costs [60]. According to a summary of case-studies 
presented by Solingen [60] the return of investment for SPI is between 1.5 and 19, with an 
average of 7.  
 
There exists a common industry opinion that calculating financial benefits of SPI is 
impossible [60]. The proposed solution is a pragmatic approach where stakeholders are 
involved in the value estimation of benefits [60]. Stakeholders see the improvement’s benefits 
from different perspectives, therefore their combined judgment of the value should be taken 
into account, rather than only an expert’s opinion. 
 
The pragmatic approach involves questioning stakeholders and asking them to give their 
expert opinion regarding what would happen if an improvement was not done and estimating 
the cost of resulting effects including e.g. the price for every delay, risk, defect, failure etc. 
that may have been avoided. All these can then be considered as a benefit, and thereby 
increase the benefit and value of the improvement [60].  
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5 Investment Appraisal (Data Source B) 
 
Investment theory contains mathematical formulas for calculating the actual gain of a planed 
investment with respect to a selected variety of influencing factors such as money’s value-
change over time, company’s requirement on internal interest of their money. Although, when 
planning investments the quantification of benefits are usually based on estimations [4]. 
Estimations are seldom precise, which influences the accuracy of calculations, thereby taking 
decision based on estimated data involves a risk. Consequently, the investment theory has 
developed techniques to incorporate risks and probability distribution into those calculations 
[63]. The introduction of risk-variance should not be considered as a technique for improving 
the accuracy, rather a way of making the uncertainty in the calculation more explicit.
  
In Persson and Nilsson [4] the socio-structural change from work-intensive to knowledge-
intensive products is described. In the knowledge-intensive industry the knowledge-capital is 
more essential than the fixed assets, in terms of influencing success factors and need for 
investments. Persson and Nilsson [4] describe the ability to carry out calculations of ROI of 
R&D (as close to SPI as can be observed in investment literature) as very limited, since the 
outcome of investments is hard to estimate in advance. Furthermore, in R&D investments the 
costs is told to be; ‘fairly predictable’ [4]. This belief is aligned with the industry opinion 
mentioned in the previous section, i.e. the costs of SPI are fairly straight forward, but the 
benefits (success) is not covered in the term ‘fairly predictable’. For SPI cost discussion, see 
Section 5.7. 
 

5.1 Material and non-Material Investments 
The definition of investment is: goods obtained for later consumption, with expected profit 
[64]. Investments can be target to both material and non-material assets. Formalization of the 
calculation and decision process regarding investments in material assets (e.g. property, 
possessions, and production equipment) is higher, since paybacks are easier to quantify, but 
also estimated to occur earlier in time [64]. Usually the rule of thumb determines the size of 
investments in non-material assets (e.g. education, patent development, process 
improvement). As mentioned, the revenue and payback time of non-material investments are 
harder to estimate, therefore their allocated budget is instead regularly determined in 
percentage of turnover [64]. 
 

5.2 Sunk Costs 
The idea of sunk costs is to not take proceeding (already invested resources) into account 
when a further investment decision is made. For example, an investigation of a new 
technology is done, and then the decision if this new technology should be incorporated into a 
product has to be taken. The cost of the initial investigation is a sunk cost (i.e. you will not get 
your money back independent of the decision to continue) [10]. This is relevant for a process 
improvement, i.e. when making a decision whether or not to implement an improvement the 
costs of detecting the problem (doing an assessment to figure out what is to be improved) 
should be excluded when discussing profitability. Costs spent before the decision is sunk costs 
[64]. Sunk costs are costs that have incurred independent of the future investment decision 
[65]. Because, independent of the decision taken (implement or reject improvement proposal) 
costs already spent will not disappear.  
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This way of reasoning removes the support for both: ‘We already spent too much money on 
this, therefore we need to continue’ and ‘we already spent too much money on this, therefore 
we reject the proposal’. Although, historical data about costs and their relation to the value of 
improvements still provides important information when considering and deciding further 
investments in new process improvement programs. 
 
On the other hand at the end of a SPI effort all costs (even sunk costs) should be taken and 
compared to the overall return of the SPI effort. 
 

5.3 The Payback Method 
One way of calculating the acceptability of an investment is to calculate the payback period 
[64, 65]. Payback period is the time needed for the investment to recover from initial 
investments. The investment is profitable if the payback period exceeds the duration time. 
Either the duration time could be the economical lifetime of the investment, or it could be 
shorter goals set by the organization.  
 
The payback method is not concerned with that capital is a scarce resource, which involves 
both costs of acquisition and binding. Therefore, this method is only applicable when the 
payback period is short enough to make the acquisition cost of capital insignificant [64]. From 
a SPI perspective this can be relevant if the subject of the improvement has a time limit. For 
example, an improvement targeted at a certain automation technology development may 
require 5 years of “being used” to pay off. If the automation technology becomes obsolete 
within 3 years then the SPI effort is a failure. This is however a very rare occurrence in SPI as 
improvement efforts are very hard to quantify in terms of return/year, second, improvements 
are very seldom specifically target in this way.  
 

5.4 Cost of Capital 
Stakeholders who invest resources in a company (e.g. owners, risk capitalists, credit institutes, 
etc) require “interest” on their investment. To compute the real internal profitability of an 
investment, the company has to discount the costs for capital [64]. Cost of capital is larger and 
more complex to calculate than just the interest required of i.e. a credit institute, since a 
company’s level of debt is correlated with the risk the investor takes when investing money in 
the company [64]. Investors require a higher return if risk is higher [65]. The WACC-formula 
(Weighted Average Cost of Capital) can be used to determine the lowest needed return on 
capital [63]. From an SPI perspective this is applicable as SPI can be seen as any other type 
on investment, although the return is very hard to evaluate and even harder to quantify.  
 

5.5 Valuation, the Monetary Value of Time 
A dollar received today is more than a dollar that is promised to be paid in the future. Every 
day a company is waiting for a payment there is a loss of possible gained interest. Therefore, 
to make future promised money worth equally as the money currently available, the future 
payment needs to be charged with an interest determined how much the company could have 
gained in interest from today until future payment date [63].  
 
In this section, we are going to give a brief overview of basic financial calculation techniques 
and show how the present value of future payments is calculated. 
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The Present Value (PV) is the current worth of a future payment (yet to be received) valued 
in “today’s” money. Calculated: 

PV = ∑
t= 0

n
( Ct

(1+ i)t )   [63]  

Where; 
• n is time (usually years)  
• C is the cash flow at time, t  
• i is the cost of capital (called discount rate or annual interest rate) 

Consequently, the Future Value (FV) of a payment (valued in present value, PV) can be 
calculated: 

FV = ∑
t= 0

n
PV ⋅ (1+ i)t    [63] 

 
Annuity calculation is a method of distributing all payments of an investment into equal parts 
spread over a specified part of time. This way of calculating makes the investment equal 
expensive (in terms of costs) all over the investment’s economical life. The annuity method 
can be used to calculate a yearly surplus after discounting the costs of assets. 
 
Net Present Value (NPV) is the value of all future costs and payments; it is the present value 
of future cash surpluses that will result from the investment, minus the initial investment for 
acquiring the resource. The Net Present Value is calculated as follows: 

NPV = −G + a∑
t=1

n
( 1
(1+ i)t +

S
(1+ i)n  [4] 

 
Where;   
• G is the initial investment 
• a is cash surplus 
• n is the amount of time (usually years) 
• i is the discount rate 
• S is the residual value 
 

Residual value is the remaining value at the end of an asset’s economical life. The result of a 
Net Present Value calculation gives information about the worth of an investment in the value 
of “today’s money” [63] 
 
When the method of calculating Return on Investment (ROI) is used, the value decrease of an 
investment is considered equal over the investment’s economical life, see [4].  

 
Figure 6.  A Linear Value Decrease Approximated with Constant Value. 
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ROI = a
1
2
⋅G

=
a
1
⋅

2
1⋅G

=
2a
G

 [4] 

Where; 
• a is cash surplus  
• G represents the initial investment 
 

The ROI calculation can be extended to cover the residual value (S).  
 

Then;    2a
G + S

  [4]  

 

5.6 Costs of Quality 
An investment does not necessarily have to be something that aims directly to create positive 
cash flow, instead, it could be targeted to avoid unnecessary costs [64]. Investment in process 
improvement can be aimed to improve quality of how work is performed, and thereby avoid 
unnecessarily costs. Quality costs can be categorized as following [66]: 
• Costs of preventing quality problems.  

o Designing improved processes that reduce quality failures 
o Employee training 
o Supplier training 

• Costs of finding quality problems 
o Equipment and personnel to perform quality check  

• Costs of fixing quality problems (when products are still at manufactures) 
• Costs of fixing quality problems (when products are in the hand of customers) 
 
SPI costs are examined in Section 5.7, prior to the formulation and exemplification of the 
proposals for SPI evaluation in Section 7.  
 

5.7 Costs of Process Improvement 
From a product perspective the costs for SPI can be considered as indirect costs. Successful 
investments in SPI are aimed to be beneficial and improve every product developed with the 
company’s software process. Therefore, when calculating a unit production price, all products 
using the improved software process should carry a fair part of the costs for the SPI. 
 
When considering SPI as cost area, some costs can directly be traced to the investment 
decision (i.e. development of improvement proposals, training, new tools). There also exist 
direct costs associated with the decision that are harder to measure e.g. failure, higher risks, 
and lower productivity due to e.g. learning curve of adopting new processes. 
 
The improvements will often be introduced into real development projects (see Pilot project in 
Section 6.2) that already have a limited budget. This is not a problem for costs that can easily 
be traced to the SPI as they can be budgeted for in another project (e.g. a separate SPI-project) 
or the overall organization can carry the cost. The actual costs associated with the impact 
created when introducing a new improvement in a live pilot project are hard to measure. The 
complexity of measuring the real impact (i.e. failures, higher risks, lower productivity due to 
e.g. learning curve etc) will result in that these costs can directly affect the pilot project’s own 
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budget, in which the improvement is introduced. As a result, the pressure of a limited project 
budget and tight schedules can create resistance in accepting or introducing improvements in a 
project. The main reason for this is project focus, i.e. the success and failure of a project is 
measured based on the artifacts a project delivers, in time and on budget. An unforeseen and 
inexact cost may turn project management and project participants off, resulting in failure of 
assuring commitment for the process improvement, even if beneficial in the long term and 
with only very moderate risk. Thus, a drawback of the project focus is that the short-term 
view inhibits the incitements of taking risks (e.g. act as pilot project for a new improvement) 
that might not pay back within the timeframe of the project. If the pay back time is too long, 
the benefit might not be visible for the people that are piloting the solution.  
 
A benefit of project focus is that improvements can be piloted and evaluated in an isolated 
environment (project). Thereby the risk can be decreased since the impacts of failures are 
limited. For an example of process improvement costs and calculations see Section 7.1.1. 
 



Tony Gorschek                                               Success Evaluation and Measures in Software Process Improvement 
Pär Åsfält   

Page 29 of 58 

6 Industry Practice – An Empirical Investigation (C) 
 
As a part of this thesis an industry perspective is crucial and the most important data source. 
The reasoning behind this are based on usability and usefulness of the SPI success evaluations 
which are proposed in literature. They have to be assessed from an industry perspective, 
taking real world limitations and issues into account. This section is primarily a report on how 
SPI is measured and evaluated in industry today based on experiences from senior 
management and SPI personnel at ABB and DHR. These accounts are then used as a reality 
check in Section 7 where we propose, exemplify and discuss our proposals.     
 

6.1 Workshops with Value Estimation 
Prior to piloting an improvement in the organization the new improvement (a.k.a. new 
technology) can be evaluated and tested in a environment less sensitive to problems and 
failure. This activity can be described as a workshop of sorts, where professionals working 
with development participate, solving tasks, using the new technology as a tool. For example, 
say that an organization aims to introduce new modeling practices for the design of software. 
The workshop can be designed for the professionals to try out the new modeling practices in a 
controlled environment (non-critical to a live development project), and in a scaled form (i.e. 
a smaller part is modeled so that the workshop is limited to e.g. one day of effort for the 
participants). Figure 7 illustrates this and depicts the costs of such a workshop. In addition to 
person-hours for participants, usually a moderator leads and prepares the work in advance. 
Training may also be a part of the workshop, as well as the usage of new tools.  
 

 
Figure 7. Overview of a SPI Workshop. 

 
As the workshop concludes the participants are often ask to offer their feedback on the new 
technology. This feedback can be everything from natural language qualitative feedback, to 
offering an expert opinion as to the potential monetary gains the utilization of the new 
technology could give (e.g. how many person-hours this new modeling approach would save 
if used in a live project). Practically this often implies taking a mean value based on all 
participants estimations, reported to be fairly accurate [67]. In addition though, there is the 
possibility to weight the estimations if one or a number of participants’ opinions are to be 
premiered. 
 
Taking the expert opinions (estimations) and comparing that with estimated costs that a full 
implementation of the new technology in the project organization would demand (scaled up 
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from the workshop), the results can be used as decision support for a pilot. A pilot in this 
circumstance would be testing the new technology in a live project.   

 
PROS of this Method 
- The new technology can be tested in a controlled environment with limited risk 
- Can give early indications if a technology is worth the effort 
- Early indications of need for tools and training 
CONS of this Method 
- Accuracy of estimations can vary 
- Scalability of the technology is not tested (i.e. modeling a small part may be fine, but scaling 
up to modeling a large system may give problems and increased cost) 
- New technology can in itself be perceived as something positive/negative which can bias the 
estimations 
 

6.2 Pilots with Expert Opinion 
The use of pilot evaluations for testing new technology (improvements) is common and can 
follow a workshop evaluation(s) depending on the circumstance. The main rationale with 
piloting is to evaluate the new technology but on a real development situation rather than a 
simulated one (e.g. a workshop). This enables issues such as scalability to be tested under 
operational circumstances where time and cost are always issues and resources are very 
limited. Figure 8 shows the pilot evaluation surrounded with a number of ways in which the 
subsequent evaluation is performed (i.e. post project the use of the new technology in the 
project is evaluated). The major way in which the piloting of a technology is evaluated is 
through the use of expert opinions from a chosen set of professionals participating in the pilot. 
The selection criteria is dependent on two main things, the type of the new technology, and 
the size of the pilot. Technology type dictates that only relevant personnel (the ones involved 
with the new technology) be selected to give an expert opinion, and if the project is limited in 
size it is possible that all personnel within this category be probed. It should be noticed that 
additionally personnel not directly working with the new technology, but affected by its use, 
may be called upon to render an opinion. For example, if the requirements engineering 
process in a project is improved (adding the new technology of formal specification to the 
process to improve it), then the designers of the software (not involved in the requirements 
engineering) are the receivers of the requirements (which they use to base their work on). 
Their opinion is not directly on the new technology, but rather on the artifact (the 
requirements in our example) produced by the improved process. Thus, they are asked to 
render an opinion as to how the artifact itself influenced their work. This could involve e.g. 
providing an expert opinion as to how the quality of the requirements was in comparison to 
the requirements prior to the improvement. In addition they could testify as to if the change in 
the artifacts enabled them to perform their work better (or worse).    
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Figure 8. Overview of Pilot with Different Types of Evaluations. 

 
As can be observed in Figure 8, expert opinions and feedback does not always come in the 
form of e.g. effort estimations, but rather can involve more qualitative aspects. “One-liners of 
major achievements” is an example of this where the personnel formulates the major positive 
aspects of using the new technology. This can be anything from “we caught many defect early 
…” to “the new technology helped us to do our work faster” etc. These one-liners can of 
course be negative also. Two other measures that may seem unusual are “Evaluation of return 
on interest” and “Co-authorship of TR”. The basic concept is that if the organization subject 
to the process improvement (introduction of the new technology) is interested in the 
improvement and wants to continue the work the implication is that the improvement is 
beneficial. This may seem as a risky assumption, but the aspect of perceived value is actually 
important. For example, if an improvement is performed that is beneficial (benefit outweighs 
the cost), but the perception of the personnel is that the improvement is not worth the effort 
commitment can be a factor which can greatly influence the success of the new technology 
(see Section 3.1.3.2). In addition to this, ignoring commitment aspects, the professionals 
working in the pilot project are often expert in both the domain in question and seasoned 
developers. Their ability to judge whether an improvement is beneficial may be as great as 
any quantified measure obtained through expert opinion.  

 
Usually all measures in Figure 8 can and are combined, as an improvement is evaluated post 
pilot. 

 
PROS of this Method 
- The new technology can be tested with limited risk prior to roll-out in the entire organization 
(affecting all projects by becoming an official part of the development process used) 
- Can give early indications if a technology is worth the effort 
- Early indications of need for tools and training scaled up from a workshop giving a more 
precise estimate on the overall tool issues and training requirements for roll-out 
- Pilot test in a development project is as live test giving both people directly involved with 
the technology and those affected by the result of its usage the possibility to give feedback 
 
CONS of this Method 
- Accuracy of estimations can vary 
- New technology can in itself be perceived as something positive/negative which can bias the 
estimations 



Tony Gorschek                                               Success Evaluation and Measures in Software Process Improvement 
Pär Åsfält   

Page 32 of 58 

- No two development projects are alike. Thus comparison (e.g. are the improved 
requirements better or worse than the ones from before the improvement) may be skewed due 
to confounding factors like technical complexity (e.g. the requirements from the last project 
could have been more complex than for the pilot project, but having an easier time specifying 
the requirements is traced to the improvement) 
 

6.3 Objective Measures (Metrics Collection and Analysis) 
During the previous sections expert opinion has been illustrated expensively. There are of 
course other ways in which the effects of a process improvement can be judged. The use of 
different metrics as indicators is applied in industry, and recommended in literature. It is 
important though the realize that the use of measures can give indicators post-project, i.e. not 
prior to the measurement metrics’ instantiation.   
 
It is possible to divide these measures into two general types, simple and complex measures. 
Simple measures consists of measuring one artifact or attribute, and drawing conclusions of 
the process improvement based on change to this artifact attribute. Examples of measures can 
be: 

• Change Requests (and division, e.g. change request into change due to e.g. 
misunderstanding customer requirements and errors found that were inserted as a 
part of the design etc) 

• Defects (with classification of source, severity, time to repair etc) 
• Development resources (total and/or in a certain phase of development) 
• Resources spent on each artifact (e.g. time spent creating a requirement)  
• Requirement adherence (to what extent a requirement is fulfilled on delivery) 
• Customer satisfaction (get information through e.g. a Customer Value Analysis) 

 
By using these measures as indicators it is possible to ascertain the influence of a process 
improvement, albeit with some problems and limitations (discussed later). For example, a 
process improvement is performed in the form of addition improved modeling practices to the 
design phase of a project. The hope is that this will enable a better design to be created 
resulting in less defects (of the type added to the product through design flaws and missed 
dependencies between modules etc). In this case, the process improvement of course adds to 
project effort as more effort is put on design (even if you ignore the aspects of introducing 
new technology, see Section 7.1.1 for an example). In addition, the hope is that the overall 
effort of the project will decrease as fewer defects means that fewer resources have to be spent 
on defect repair in the later stages of development. 
 
This reasoning seems fairly straight forward, but there are some inherent problems. There is 
need to have historical data, and this data has to be relevant for comparisons. The judgment 
whether or not the defects have decreased due to the process improvement can only be 
ascertained by comparing to some sort of baseline for defects. This baseline is dependent on 
having historical data (from previous development of the product, or at least for a similar 
product). This baseline has to be the collected over several projects to avoid only catching 
information about extreme project (representing outliers). This historical perspective and data 
is often missing, incomplete, insufficient in quality. Missing denotes is that the data simply is 
not collected and/or saved, incomplete refers to when the data is partly there but you are not 
sure that e.g. all defects have been registered thus you have no idea of how many defects were 
not logged (which might greatly impact the baseline, or not, making it unreliable for use). 
Insufficient in quality denotes that there may be data logged and saved, but the categorization 
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of e.g. defects is not sufficient with regards to different aspects such as e.g. traceability to 
source (where the defect was introduced and why), traceability to severity, and/or traceability 
to effort to repair the defect etc. The problem in creating a base line to be used as a 
comparison point can be due to any of the examples mentioned, or any combination of them. 
This is of course a circular argument as the start of collection has to start sometime, thus long 
term benefits can be used as a reasoning behind starting the collection of data. One inherent 
problem (and possible reason for not having already collected data) depends on the cost of 
implementing and maintaining measurement programs [47]. In addition, the measurement 
programs do not benefit any one project (in the beginning), but adds to the resources needed 
as data needs to be logged, categorized, and kept up to date.  
 
An other complicating factor that can be a factor when attempting to use historical data is the 
unpredictability of development efforts (projects). As two projects seldom are very similar 
(and never identical) there are any number of confounding factors which may influence the 
accuracy. For example, the requirements of projects differ as you develop new functionality 
and change quality attributes of a product for every project. Even so, it is possible to estimate 
the level of complexity, size (using e.g. function or feature points [68, 69]), and taking this 
into account projects in theory become comparable making it possible to use historical data 
for prediction and benchmarking of process improvement effects. The main issue is of course 
the fact that any estimation (estimation of complexity for instance) is inexact, thus smaller 
changes (positive or negative) from a SPI effort may be missed. It is important to realize that 
many development projects are inherently a creative and innovative effort. This means that 
the predictability (doing e.g. estimations) is hard, also assessing the risks can be complicated. 
This could result in that even larger, more revolutionary, effects of a SPI effort may be missed 
during adverse circumstances. For example, a new project is judged as fairly low risk and 
basic, but an unknown factor like complications from new technology usage has a unforeseen 
impact on the number of defects in the project. 
 
It is important to realize that the collection and maintenance of historical data is not 
meaningless as the use of historical data is complicated, but one of the best measures 
available.  

 
PROS of this Method 
- Great potential of getting early indications for improvement success using historical data as 
a baseline 
- Not as dependent on good estimations, i.e. closer to objective measures 
 
CONS of this Method 
- Historical data has to be available 
- Quality and completeness of historical data may vary 
- Cost of logging information as well as maintaining it over time 
- Comparability of projects  
- Objective measurements may require estimations to be used in order to assure usability, 
introducing potential confounding factors 
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6.4 Adherence to Model (Benchmarking Against Best Practices) 
 
The most widely used method is the one discussed in Section 4.1, i.e. adherence to a set of 
best practices prescribed by a model-based framework. In the case of judging process 
improvement success a reassessment, using the framework is used. For example, prior to the 
process improvement a process assessment is performed, and then once again post 
improvement. The difference is the measure of success (or failure). (This will not be discussed 
in further detail as it is covered in Section 3.1.2 and 4.1) 
 
PROS of this Method 
- Fairly low cost (limited to the cost of the assessments) 
- Assessment is primarily on the development process itself, not on the artifacts mitigating the 
influence of incomparability between projects  
 
CONS of this Method 
- Measures the process and not the artifacts (both is preferable) 
- There is a tendency to measure the official process, not the actual one used 
- The quality of the actions performed in a process is not measured explicitly, rather the 
measurement is focused on whether or not they are performed at all (for example, the 
assessment can look at if certain design documentation is produced, but the quality of the 
documentation is not judged) 
 

6.5 Combinatory Methods 
The methods described above are of course somewhat stylized for purpose of brevity, 
structure and comparability. Often combinations of methods are used maximizing the 
potential of any one process improvement evaluation. For example, in pilot projects any of the 
measurement methods described can be used in any combination. The choice usually depends 
on the resources available for the evaluation itself, but also on available data. The major 
benefit of combining methods is that greater accuracy can be obtained through triangulation of 
evaluations. The use of qualitative measures like expert opinion can for example be combined 
with an independent measurement, giving the possibility for validation of each result against 
the other. 
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7 Process Evaluation and Measurement Proposal 
 
In the previous sections we have described different approaches to SPI success evaluation and 
measurement from three different perspectives. The academic SPI perspective (Section 4), an 
investment perspective in Section 5, and industry perspective in Section 6. This section 
presents three general types process improvement evaluation which are inspired by both 
academia and industry. The overall goal is to present three methods that can be used as a point 
of discussion as to research needed in the field.   
  

7.1 Alternative SPI Investments  
Improvements can be targeted towards different business goals depending on the current need. 
Prioritization of the most important factors for a product can be made (e.g. higher quality, 
lower development costs or faster time to market). The SPI effort can then be targeted towards 
any of these specific goals. Figure 9 illustrates four examples of how different improvements 
could affect a product. Observe that different improvement alternatives can fulfill the same 
goals from a customer perspective even though they are targeted at totally different areas of 
the software process. Severe trade-off situations often occur, e.g. effort vs. quality or quality 
vs. time to market. There exists no explicit (e.g. 1:1) relation between the attributes shown in 
Figure 9. 

 
Figure 9. Different Improvement Alternatives. 

 
In the first alternative, a fictive improvement is considered which creates more effort in the 
development phase. The improvement might lead to fewer defects are introduced in the 
product. Fewer defects introduced results in higher product quality, and consequently a higher 
value for the customer. Afterwards when evaluating such an improvement, the deviation from 
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usual spent effort can be detected when comparing used resources to historical data. The same 
approach can be used to calculate the deviation of number of found defects or received change 
requests. An indication of increase in customer value might be observed by through a 
customer reference program.  
 
The second alternative’s goal is also increased customer value. In this alternative it is handled 
through an improvement that enables less complex internal product design. An approach of 
post evaluation could be similar to the one described for the first improvement alternative. 
Indications of effort deviation for development and maintenance can be detected through 
analysis of historical data. In this situation the deviation of internal complexity can be 
facilitated through complexity measures of source code (see e.g. McCabe Cyclomatic 
Complexity [61]). 
 
The third and fourth improvement alternative aims to decrease time to market of a product. In 
the third alternative the improvement proposal could be to spend more time in the beginning 
of the project, thereby avoid unnecessary rework. Forth improvement alternative could for 
example be better project management and thereby removing possible slack time of 
development. 
 
As shown with these examples, different improvement alternatives can aim to fulfill the same 
goals, using different means. In addition, different alternatives can be associated with different 
risks, different costs of implementation, and different degree of goal fulfillment. 
 
When evaluating the most appropriate alternative for improvement many factors have to be 
considered. When applying the concepts of investment theory, the real benefit from the best 
improvement alternative can be calculated with respect to the other possible alternatives. 
Alternatives selected for the comparison does not only have to be restricted to other SPI-
alternatives, separate alternatives such as employing more personal or outsourcing could also 
be considered. 
 
The overall goals should be to enable both pre- and post-evaluation of SPI efforts. Pre-
evaluations are used for decision support what alternative investment is the most beneficial in 
relation to the overall strategies applied. Post-evaluations can be done to ascertain actual SPI 
success based on e.g. a pilot project prior to committing to implementing new processes in the 
organization. Table 4 gives an overview of the two types. 
  
Table 4. Pre- and Post Evaluation of SPI Success. 
Approach Pre-evaluation Post-evaluation 
Usage Decision support Success evaluation 
Goal Select most beneficial alternative 

Estimate costs budgeting resources 
Quantify benefit, to decide of further 
roll out or maybe abortion of 
improvement program 

Required Input Data Expert opinion (estimates of 
benefit of SPI) 

Historical measurements and Expert 
opinion (estimate enabling 
comparison over projects) 

Problems/Costs High level of uncertainty due to 
lack of data (the improvement has 
not been performed yet) 

Uncertainty due to confounding 
factors 
High cost of measurement and 
maintenance of data 
High costs for performing analysis 
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The post evaluation of an improvement with the approach described above requires extensive 
historical data. The cost for performing analysis can also be relatively, high and still the result 
might contain a high degree of uncertainty. In addition, individual attribute deviation might be 
hard to distinguish, i.e. one estimate may be way off, affecting everything. Despite this it is 
possible to use traditional investment calculations to weight the different alternatives against 
each other. This is illustrated in Section 7.1.1 below using examples from Figure 9.  
 

7.1.1 Example of Investment Calculation for a SPI Alternative  
(Pre-evaluation) 

The input data for this example calculation are based on both measurable and estimated costs. 
The improvement chosen for the example calculation (see Figure 9, alternative 2) targets the 
design and architectural considerations taken during development as the goal is to decrease 
the complexity and thus enabling easier addition of features to the product as well as 
decreasing the long-term maintenance costs.  
 

 
Figure 10. Target of SPI Effort Example 1. 

   
In the example shown below, possible costs for developing the improvement are shown. The 
last column in the table indicates the way in which the measure is obtained. The first shown 
items cover the costs of improvement detection and training. Further down items that are 
more complex are covered, such as costs for higher risks and productivity impacts. The 
project used for this example has a total estimated cost of € 17 000 000. The benefit of less 
development costs is calculated on the estimate that the proposed improvement will generate 
one day less of effort per person. This benefit is calculated to result in savings of € 60 000 per 
year.  
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Table 5. Cash Flow Associated with the Improvement for Example 1. 
Item Amount  

(Future cash flows) 
Measurable/Estimated 

Assessment of Current Work 
Practices 

€ 7 000  Measurable in man-hours 

Development of Proposal € 2 500 Measurable in man-hours 
Workshop € 3 000 Measurable in man-hours 
Training € 4 000 Measurable in man-hours 
Tools € 2 000 Measurable costs 
Overhead (presentations, travel etc) € 500 Measurable 
   
Increased Initial Risks (costs for 
detecting and removing defects) 

€ 20 000 Estimated 

Decreased Productivity Due To 
Learning Curve 

€ 16 000 Estimated 

Increased Project Effort (More time 
consumed for architecture design)  

€ 400 000 (5 years) 
(€80 000 yearly) 

Estimated 

Total costs € 455 000  
   
Item Benefits (yearly)  
Less development costs € 60 000 Estimated 
Less maintenance  € 60 000  Estimated 
Defects avoided € 5 000 Estimated 
Total benefits € 125 000   
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Initial investment: € 55 000    (455 000 – 400 000) 
Future yearly value of surplus: € 45 000   (125 000 – 80 000) 
Discount rate: 10% 
Residual value: € 0 

NPV = −55000+ 45000 ( 1
(1+ 0,10)t +

0
(1+ 0,10)5 )

t=1

5

∑ ≈−55000+170595 ≈115595 

Present Value of Capital = € 115 595 
 

Residual value is the remaining value at the end of an asset’s economical life. Here the 
investment’s residual value is after five years estimated to be insignificant, since new 
technology and new methodologies constantly arise in the software industry. Although, it 
could be argued that training and continuous improvements have a sustainable value to the 
employees’ knowledge base even after a methodology has become obsolete. 
 
The annuity calculation is distributing all the payments into equal parts over five years. In this 
example some costs included are caused by the learning curve in the initial investment. An 
alternative and possible more accurate way could be to include it in the surplus calculation, 
since here granularity can be adapted to the appropriate circumstances. Thereby the 
distribution can be adjusted to be more similar to the real world situation. 
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For example: 
Total learning costs: € 16 000 
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Present Value of Capital = € 117 536 

 
Successful improvements can later be included in the official organizational wide 
development process, and thereby be rolled out to other projects and departments. When 
calculating for such a situation, parts of the costs for assessment can be excluded (spread over 
several departments etc).  Costs associated with the involved risks can be reduced since the 
method might be refined over time and mature. Furthermore, when considering investment 
decisions of improvements that might be suitable for several projects, generic improvements 
can be considered as more favorable, albeit not always possible to implement as project may 
be heterogeneous in nature and require different improvements. Even though the NVP 
calculation provides an exact numeric value, it is difficult to say how accurate it is, since its 
accuracy never can exceed the accuracy of the estimations made as input to the calculations. 
On the other hand from a decision support perspective (pre-evaluation of SPI) the exact 
accuracy may not be of primary importance, rather that the calculations are not taken at face 
value but used as decision support material making the discussions of possible SPI 
alternatives tangible. Looking at an additional example may illustrate this.  
 
Figure 11 illustrates an alternative improvement effort in the form of an inspection program. 
The inspection program performs quality assurance on produced artifacts through e.g. 
reviews.  The inspection program detects many early defects but it also consumes a lot 
resources. 

 
Figure 11. Example 2. 

 
In this example (compared to the previous) risks of failure caused by impact of the 
improvement is removed as inspections are a well established practice thus does not pose any 
real unknown danger of generating defects on its own, effectively increasing cost. Rather, the 
inspections are estimated to decrease the amount of introduced defects, which will result in 
less rework. 
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Table 6. Cash Flows Associated with the Improvement for Example 2. 
Item Amount  

(Future cash flows) 
Measurable/Estimated 

Assessment of Current Work 
Practices 

€ 3 000  Measurable in man-hours 

Development of Proposal € 1 500 Measurable in man-hours 
Workshop € 3 000 Measurable in man-hours 
Training € 5 000 Measurable in man-hours 
Tools € 1 000 Measurable costs 
Overhead (presentations, travel etc) € 500 Measurable 
   
Decreased Productivity Due To 
Learning Curve 

€ 1 000 Estimated 

Increased Project Effort (More time 
consumed for architecture design)  

€ 1 000 000 (5 years) 
(€200 000 yearly) 

Estimated 

Total costs € 1 015 000   
   
Item Benefits (yearly)  
Less development costs € 60 000 Estimated 
Less verification  € 6 000  Estimated 
Defects avoided € 300 000 Estimated 
Total benefits € 366 000   
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Initial investment: € 15 000   (1 015 000 – 1 000 000) 
Future yearly value of surplus: € 166 000 (366 000 – 200 000) 
Discount rate: 10% 
Residual value: € 0 
 
 

NPV = −15000+166000 ( 1
(1+ 0,10)t +

0
(1+ 0,10)5 )

t=1

5

∑ ≈−15000+ 629306 ≈ 614306 

 
Present Value of Capital = € 614 306 

 
Looking at the two examples Example 2 (introducing inspections) seems to be the best 
investment given that the main target of the improvement is increased customer value. 
Although, both are a good investment (assuming that the estimations are within the margin of 
error). However, there are some differences between the two that should be observed. The 
first example is designed to increase customer value by decreasing the complexity and 
maintenance of the product. If the product life cycle is longer than five years (probable for 
most legacy systems) then the value of decreasing the maintenance costs would be greater and 
spread over a longer period of time. This cannot necessarily be true for Example 2, as the 
addition of new functionality in the product will probably be less and less as the product life 
cycle goes on. The value of inspections is primarily with regards to catching defects during 
development of new functionality. 
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An other aspect of the comparison is that Example 1 increases customer value by mainly 
cutting costs. This could be changed if the strategy was, and instead of cutting costs the 
amount of functionality could be increased instead.  
 
Detailed calculations like the ones presented in these examples may seem fairly pointless as 
many aspects (like risk and estimate accuracy) may influence them and even render the 
exactness of them inadequate for decision support. On the other hand, the weighting of 
alternatives against each other is the main point, and the same people do the estimations and 
risk analyses, thus both alternatives are equally error prone. This makes the two alternatives at 
least comparable. 
 
There is any number of ways to weigh in factors not directly visible in the calculations. It 
should be observed that the calculations can be used as a base for the discussion and analysis, 
and a tool in which SPI strategies can be modified and tweaked obtaining the overall best 
alternative.  

7.1.2 Example of Post-evaluation Using Expert Opinion 3 
Following the implementation of a process improvement alternative there is a need to evaluate 
the actual impact of the process improvement. As mentioned and illustrated previously there 
is often a lack of tangible data (current), but also a lack of historical data of proper quality 
which can be used as a reference point. For this reason we suggest a method for performing 
post-evaluations based on expert opinion. It uses the personnel directly involved in the 
improvement activity for the evaluation, asking them to benchmark the new (improved) 
process against the previous process. I.e. it does not benchmark against a predefined set of 
best-practices (like e.g. CMMI), but rather looks at the process improvement and evaluates it 
against what was in place before the process improvement. The concrete process is described 
below in three steps. 
 
Step 1: Role Selection 
The first step is to select what personnel should be involved in the evaluation. The selection 
criteria is dependent on several aspects, i.e. project size (where the improvement was 
performed), and roles involved and affected (who was working with the new technology and 
who was affected by the improvement). For example, if the design process was improved the 
main people working with the improved parts are the designers. However, several other roles 
are affected, the engineers supplying the designers with input for the design may have new 
demands to deliver more/changed/better data as input for the design. Additionally, the 
developers implementing the design (programmers for instance) are also affected as they base 
their work on the artifact produced by the process subject to the process improvement.  
 
The result of the selection should be to have all roles relevant represented in the evaluation, 
and additionally the selection within each role should be a selection representative for the role 
in the project. For example, if there are 20 people involved in the project as designers, the 
selection of the design role has to be appropriate with regards to being representative of the 
population of the 20 designers (i.e. you should not choose the best designers, or the worst for 
that matter either). 
 
                                                 
3 Detailed description and examples how this evaluation method was applied in industry can be seen in 18.
 Gorschek T (2006) Requirements Engineering Supporting Technical Product Management. 
Blekinge Institute of Technology, Karlskrona.  
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The overall selection of personnel for the evaluation is not a matter to be taken easy as it may 
greatly affect the outcome. The problem is that since the population size is limited it could be 
an alternative to select all (complete population) although for cost reasons in industry this is 
not practical. Random sampling over a larger population would work, although this is not 
practical either in an industry setting (some people don’t have the time, and the best people 
are usually the ones that are busiest – effectively skewing the selection if only the ones that 
had time to participate in the evaluation represented the population and random selection was 
performed). The most practical solution is asking senior personnel to recommend the sample 
based on the roles identified. This can be described as a combination of stratified and 
convenience sampling.   
 
Having a selection of personnel representing the different roles they are asked to offer their 
expert judgment individually in an interview session where certain forms are filled in, see 
below.  
 
Step 2: Design the Evaluation (ACTIONS and ARTIFACT QUALITY) 
Let us assume that the process improvement was done by introducing a method for how to 
perform a better design (and thus also producing better design artifacts). The work being 
conducted during design of a product involves personnel performing “work-packages”. For 
example for design there can be analysis, risk estimation, business modeling, technical 
modeling, architectural modeling etc. These work-packages need to be identified using 
domain and development expertise and should optimally be identified with the goal of 
measuring if the work-packages (ACTIONS) have changed.  
 
Table 7 gives some examples of Actions, where the subjects are asked to grade each Action 
from three different perspectives. First, the effort needed to perform a certain Action is 
estimated, for example how much time did it take to perform “Analysis” with the new way of 
working in comparison to before. Second, the subjects are asked to judge the accuracy of the 
action, and last, fulfillment.   
 
The third perspective speaks to the fulfillment of each Action when taking both effort and 
accuracy into account. The idea behind fulfillment is to catch implicit problems and offer a 
“reality-check”. For example, if an Action takes ‘more’ effort, and the accuracy is ‘better’ it is 
not possible to ascertain if the improvement in accuracy is due to simply putting more effort 
into the Action or if the new technology (the process improvement) has influenced the 
outcome. Fulfillment is interpreted as “bang for the buck” or return on investment by the 
participants. Fulfillment also gauges positive (or negative) spin-off effects in using the new 
technology that are not covered by the concept of accuracy. For example, modeling of 
architectural considerations may require more effort and improve accuracy due to e.g. 
structure, but if using the new technology is cumbersome and usability is an issue fulfillment 
will be low. The opposite is also possible, e.g., the process with the new technology 
encourages design meetings, which in itself can lead to catching e.g. dependencies between 
solutions and architectural impact thus avoiding conflicts. In this case the fulfillment might be 
higher than indicated by just compiling the results of effort and accuracy. 
 
The scale used spans from ‘much more’ to ‘much less’ regarding effort, and ‘much better’ to 
‘much worse’ regarding accuracy and fulfillment, as can be seen in Table 7 (the scales used 
are identical for every column). In each case, the subject has the opportunity to choose one 
neutral, four negative, and four positive alternatives. The comparisons performed are based on 
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how Actions were performed prior to the implementation of the new technology in the 
organization.  

 
Table 7. Evaluation Part I, Actions Performed. 

Action Effort with NEW TECHNOLOGY 
compared to before 

Accuracy with NEW TECHNOLOGY 
compared to before 

Fulfillment 
(do the job good-enough 
compared to effort and accuracy) 

Analysis 
   

Risk modeling    
Business 
modeling    
Technical 
design 
modeling    
Architectural 
modeling    

 
In addition to grading each Action, every subject is asked to explain his/her answers by 
commenting on their reasoning, effectively motivating their answers and assuring to the 
evaluators that the questions and Action are understood as intended. This assures that the 
different subjects have the same understanding of each Action. 
 
The second part of the evaluation focuses on the quality of the artifacts produced by the 
design (where the improvement was implemented). The reasoning being that a better design 
process/method produces better quality artifacts. The subjects are asked to compare the design 
artifacts generated using the improved process to design artifacts generated using the process 
before the improvement. Table 8 lists the design quality attributes evaluated using a similar 
scale as in Action evaluation above (all scales in Table 8 are identical and only miniaturized 
to save space). The choice of quality attributes evaluated could vary depending on what the 
SPI targets and could be elicited from academia, but the industry perspective should also be 
considered and what is considered important from the organizations perspective should also 
be reflected in the quality attributes. The industry perspective can be obtained through a 
separate investigation or by reusing information gathered from the process assessment which 
proceeded the improvement being evaluated. For example, if architectural considerations were 
deemed as critical in the design (and this was one of the things targeted for the improvement) 
this should be a quality attribute evaluated.  

 
Table 8. Evaluation Part II, Design Artifact Quality. 

Requirement Quality Attribute   
Completeness 

Un- ambiguity  
Testability  
Traceability  
Understandability / readability 
(why, context, big picture)  
Consistency  
Catching Dependencies 
  
Redundancy (double information, 
unnecessary information)  
Structure (organization) find 
information etc  
Analysis base (can you base analysis 
of solution space on the design, for 
example architectural considerations) 

 

Conformance to business goals  
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Step 3: The Result Analysis and Use of Descriptive Statistics 
For the purpose of comparison and analysis descriptive statistics are used. The answers 
obtained on the scales described under Step 2 are transformed into numerical values as can be 
seen in Figure 12. The less effort an Action requires in the first part the lower the value (lower 
is better). Accuracy and fulfillment are treated the opposite, i.e. better and much better are 
translated into positive values (higher is better).   

 

 
Figure 12. Conversion of Answers to Numerical Values. 

 
The results are presented in the form of descriptive statistics (diagrams) and tables with 
numerical values created as illustrated in Figure 12. An example is shown in Table 9. Effort, 
Accuracy and Fulfillment are specified by a subject and converted to numerical values as 
described previously. The last column (MAX:12, MIN:-12) is a compilation of the values 
calculated with the following formula: Accuracy – Effort + Fulfillment, giving a maximum of 
12, and a minimum of -12 per subject with regards to a certain Action. Using the example in 
Table 9 subject x would get a MAX/MIN of: 2 – 0 + 3 = 5, and in the case of subject n: 1 - (-
2) + 4 = 7 (less being better in the case of effort to perform an Action). The MAX/MIN 
compilation is a way to summarize the total level of perceived benefit concerning a certain 
Action, allowing for easier comparison in diagram form as will be seen in Figure 13 and 
Figure 14. The use of numerical values converted from scales for performing operations such 
as summation can be questioned, as it is not normal in measurement theory. In the case of 
MAX/MIN the use is strictly illustrative, i.e. enabling concise presentation in diagram form 
collecting several aspects in one figure (as can be seen in Figure 13). Care should be taken to 
present the actual values in parallel and the analysis of the actions are based on effort, 
accuracy and fulfillment, not the calculated MAX/MIN values. 
 
Table 9. Example of Results for Actions. 
Action X 
  Effort Accuracy Fulfillment MAX:12, MIN:-12 

subject x 0 2 3 5 

subject y N/A N/A N/A N/A 

subject z 1 2 3 4 

subject n -2 1 4 7 
 
In addition, not every subject always has the possibility to answer every question or make 
estimates in all cases. This is due to what Actions the subjects were involved with. For 
example, the role of Architect may not be involved in e.g. Risk modeling. In this case, the 
answers will be grey and marked “N/A” as can be seen for subject y in Table 9. 
 
Figure 13 shows an example of how the results from the Action evaluation can be 
summarized to get an overview of the effects of the process improvement. The bars are 
displayed per Action and coded with blue, black, yellow, and gray with regards to subject. 
The actual values (E=Effort, A=Accuracy, F=Fulfillment) are displayed in notes for every bar. 
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The point is to get an overview of the effects of the process improvement and also get an idea 
of what roles consider the improvement worth wile. For example, in Figure 13 the max scale 
is +12, and the overall impression is that the process improvement has had a positive impact 
on the Actions. The one exception is subject B who has had a negative experience with the 
process improvement with regards to the Action of performing Technical design modeling 
(i.e. increase in effort, decrease in accuracy and fulfillment). If should be observed that 
subject B considers the process improvement positive from the other perspectives in our 
example. 
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-4

-2

0

2

4

6

8

10

Analysis Risk modeling Business modeling Tech design modeling Arch modeling

M
A

X:
12

, M
IN

:-1
2

subject A subject B subject C subject C

E -2

A 2

F 4

E 1

A 1

F 1

E 1

A 2

F 4

E -2

A 1

F 3

E 1

A 4

F 4 E 2

A 2

F 2

E 0

A 2

F 2

E 2

A 2

F 2 E -1

A -2

F -2

E 2

A 2

F 2

E 4

A 2

F 4
E 1

A 3

F 3

E 1

A 1

F 1

E -2

A 2

F 2

E 1

A 0

F 1 N/A N/A N/A N/A N/A

 
Figure 13. Example of Results from Action Evaluations. 

 
Figure 14 illustrates an example of the evaluation of the artifacts produced by the design 
process and their quality from different perspectives. 
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7.1.2.1 Post-evaluation Using Expert Opinion - Discussion 
The overall goal with this process improvement evaluation method is to take real industry 
circumstances into account (e.g. lack of historical data), and utilize the one thing industry has 
in abundance, namely experts in their field of work and domain. The major drawback is of 
course the lack objective measures in this method, although it should be noted that this 
method could be combined with what objective measures there is. For example, as a 
complement number of defects stemming from design could be measured and combined to 
other equivalent projects’ data (if this was available). 
 
The main benefits of this method is that it measures against the baseline of what is actually 
done in the organization, and not against a pre-defined set of best practices (e.g. CMMI) 
which may be more targeted against evaluating the change in the official process. In addition 
to this the method is aimed at identifying two major aspects which cannot be obtained though 
a generic benchmarking evaluation, what to evaluate, and what expert opinions to elicit. 
Actions and artifact quality attributes are defined according to what the organization sees as 
critical (in need of improvement), and the selection of personnel to ask depends on the roles 
affected by the process improvement.    
 

7.1.3 Comparison between Customer Value Analysis and Internal Value 
Analysis 

The ultimate tests of a process improvement effort are evaluations that effectively determine 
the impact a process improvement has on the product and thus ultimately on the customer. For 
this reason our third proposal is aimed at going a step further utilizing some well known 
marketing practices, in an attempt to illustrate how they could potentially be used for process 
improvement pre- and post-evaluation.  
 
The perceived customer value of a product can be measured through the use of GAP Analysis 
[60-62]. GAP analysis measures positive and negative “gaps” between what the product offers 
and what the customer perceives. Features and characteristics of the product are identified and 
their fulfillment of customer needs is mapped. A positive gap represents when a product 
delivers more than is expected, a negative gap the opposite. One of the earliest descriptions of 
the need to measure this “gap” was described in [60-62]. Customer Value Analysis (CVA) is 
similar to GAP analysis but also includes the perspective of using competitor products in the 
analysis and the evaluated product is graded with regards to the value of a need in comparison 
to alternatives [63]. Customer value can be observed through surveys and interview in a 
Customer Reference Program (CRP), where the customers are asked to assess the features and 
quality characteristics included or the in the software.  
 
In contrast to this there is an internal measure not totally dissimilar to CVA called Internal 
Value Analysis. Internal Value Analysis (IVA) is a technique to measure whether or not a 
product is in line with the product strategies (and the company strategies), taking limited 
resources and other products into account [70]. Using IVA, factors like resources available 
(time, money, risk, and knowledge/processes) can be taken into consideration. In other words, 
IVA concerns the measurement the company’s ability of being aligned with their plan and 
corporate/business/product strategy, and the execution of these strategies is totally dependent 
on the execution of the product development processes (the target for process improvement 
efforts). IVA does measure other issues, such as marketing but these are not relevant for the 
purpose of this thesis.  
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Our conceptual approach explores a possible correlation between CVA result (we call it CVA) 
and IVA result (IVA). If a significant correlation can be observed, the impact of the SPI on 
the CVA can be ascertained. The concept is illustrated in Figure 15. Prior to claiming an 
improvement in CVA, a baseline on a stable product has to be made. To do this the difference 
in CVA between two releases prior to the SPI has to be measured. To minimize fluctuation in 
the measurements it is important to use a product that is reasonably stable and uses 
evolutionary releases.  Post SPI the same measurement should be made. Historical CVA data 
and standard deviation can be utilized to certify that outlier in the data distribution are avoided 
(see e.g. [72] for more information on outliers).    
 

 
Figure 15. CVA - IVA Baseline Correlation. 

 
Already at this stage an initial analysis can be conducted. Since the current CVA increase 
between the two latest releases can be compared to the baseline (or other historical CVA 
data), the analysis enables the possibility to compare current effort needed to increase CVA 
(though SPI) to the previous effort needed to increase it to the same degree (with regards to 
SPI effort). Ultimately it should be less, as an organization gets better at figuring out what SPI 
efforts have positive effects on CVA. Although the opposite is also possible, from a product 
perspective, as the value increase potential of a product becomes less with product maturity. 
The product perspective will however not be explored explicitly in this thesis. 
 
The same baselining approach used for CVA can be made with IVA. In the IVA the internal 
value is assessed. The analysis will describe the company’s ability to adhere to their own 
strategy and goals (which should ultimately be a description of how to maximize the usage of 
the organizations resources over time). A successful improvement should increase this value 
(by our definition). Therefore the degree of increase between two releases before the studied 
improvement can serve as baseline to describe the “usual” increase. As previously described, 
this baseline can used to compare the degree of increase after the SPI. The differences 
between them could work as an indicator whether or not the improvement was perceived as 
successful or not internally in the organization.     
 
When both CVA and IVA baselines are established correlation between the evolutions of the 
two can be analyzed and compared. This could potentially enable the possibility to analyze 
process improvement effects on customer value and internal value for the organization itself. 
In addition, the use of baselines can potentially be more stable and secure measure than for 
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example evaluating the success of a process improvement based on a single pilot project as 
historical data is used and both internal and external (customer) value.   
 
The potential and drawbacks and assumptions with the CVA – IVA baseline comparison 
method is illustrated and discussed below through an applied example.  
 

7.1.3.1 CVA – IVA Elaboration and Discussion 
Figure 16 shows a conceptual overview of the relation between CVA, IVA, and SPI, but also 
taking new feature development into the equation. The reasoning behind this is that you can 
improve CVA through both the implementation of new functionality (features) and through 
increasing the quality (indirect effects of SPI).  

 
First the strategy guides the trade-off between focus on SPI effort and new feature 
development. The SPItoIVAmapping factor is used to describe the relation between the SPI 
effort and the outcome in improved internal value (called ΔIVA). By collecting historical data 
and establishing a baseline for IVA (see Section 7.1.3) and by knowing the corresponding 
effort that was put into SPI to increase the IVA, the mean value of SPItoIVAmapping can be 
ascertained. In other words, several SPI efforts are baselined in relation to the corresponding 
IVA changes (increase).  

 

 
Figure 16. Showing the Mapping Approach between CVA and IVA. 

 
The relation between ΔIVA and ΔCVA can be observed using the baseline approach 
described in Section 7.1.3. The weighting factor for this relation seen in Figure 16 is called 
ItoCmappingFactor. In a stable environment the assumption can be made that the mean value 
of this factor also stabilizes over time. That is the change in IVA has a corresponding effect 
on CVA that is predictable over an expended period of time and observations.   



Tony Gorschek                                               Success Evaluation and Measures in Software Process Improvement 
Pär Åsfält   

Page 49 of 58 

 
Figure 16 (to the right) a similar relation is shown between the effort of new features and the 
increase in customer value. The relationship between the effort for implementing new features 
(called FeatureEffort) and ΔCVA (increased customer value) is weighted through a factor 
called FeatureFactor. In other words, the increase of CVA is dependent on effort put on 
implementing new features. The increase in CVA and the effort that it takes to increase the 
CVA has a relation, that over time should stabilize and be able to be expressed as a factor 
called FeatureFactor (the same principle as described for IVA and SPI). The mean value of 
FeatureFactor should enable predictability over time, basically indicating how much effort 
(FeatureEffort) it takes to increase CVA. In addition the opposite could be done, i.e. the cost 
of increasing the CVA a certain amount could be estimated, effectively giving information 
about how much effort has to be put on feature increase to ascertain a certain customer value. 
 
It should be observed that to ascertain relevant mapping between all of the parameters 
described above the baselines should be scrutinized and validity checked though e.g. expert 
opinions to assure that the obtained values are relevant. This can be seen as a sort of “sanity 
check” validating the data prior to using them as input to the analysis which is used as 
decision support.  
 
Going a step further, the relations between CVA, IVA, and Features can be used to ascertain 
how to maximize the customer value taking effort into account. In Figure 17 a combination 
between SPI effort (SPIeffort) and Feature effort (FeatureEffort) is shown. The formula for 
customer value (CVA) is expressed in both SPI factors and Feature efforts.  
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Figure 17. Combining IVA, CVA and Feature Factors. 

 
The algebraic expressions evolved as shown in Figure 17, results in an expression which 
combines SPI factors to IVA mapping, IVA to CVA mapping, and Feature to CVA mapping. 
This expression can be used to obtain an indication of best investment alternative for an 
organization, i.e. should an organization focus on SPI (to increase IVA) to increase CVA or 
on new Feature development to increase CVA. If the SPItoIVAmapping-factor multiplied with 
the IVAtoCVA-factor exceeds the Feature-factor it can be interpreted as that the customers 
benefits more from SPI related improvements (i.e. increasing IVA though SPI increases CVA 
for less effort than increasing CVA through new feature development). If the Feature-factor is 
the highest, it can be interpreted as effort spent on introducing new features is more beneficial 
from a customer perspective (i.e. effort put on developing new features to increase CVA is 
better).  
 
This approach can be used as decision support for formulating new strategies to increase 
customer value (weighing SPI efforts against new feature development). It can also be used 
for pre-evaluation purposes, comparing different process improvement alternatives. For 
example, having SPI baselines it is possible to deduct what type of SPI effort gives highest 
increase of customer value.   
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When using the methodology described above it can be beneficial to select the elements that 
constitute the baseline based on similarity to the features and/or improvements to be 
compared. For example, if the SPI effort contemplated is targeted against the design process, 
and the feature contemplated is targeted towards usability, similar SPI efforts and features 
should constitute the baseline used for the evaluation. 

7.1.3.2 Internal SPI Effort Impact Value based on Utilization 
A related consideration is the assessment of the internal impact value of an improvement 
based on its utilization. A new measurement can be created by introducing a factor based on 
the degree of usage of a software process, since the value of the improvement is related to 
how much the improved process is used. The utilization factor is important, since it is 
obviously better to improve processes that are well used, rather than one those that are seldom 
used (maximizing the benefit of the improvement).  
 
To formalize this we need a new statement, the relation (SPIEffort * SPItoIVAmappingFactor 
= ΔIVA) is based on the IVA analysis, which does not cover the real effort saved by an 
improvement, rather it measures the ability to adhere to strategies, goals and so on taking 
effort into account.  The SPItoIVAmapping-factor should in the best-case be as large as 
possible, since it can be seen as the transmission between the SPI effort and the ΔIVA, that is 
the higher the  SPItoIVAmapping-factor is the higher the pay-off in terms of increasing the 
IVA is. 
 
Figure 18 depicts the difference in utilization based on if the improvement is targeted towards 
quality or productivity. In software development the software processes is usually utilized in 
different phases and the produced artifacts of every process are used as input to other phases. 
This means that productivity improvements can only shorten the lead-time inside the phase, 
but quality improvements can have ripple effects on other phases and on artifacts produced by 
other processes. Therefore quality improvements depend on when in the development process 
they are introduced. The earlier the better. To handle this we introduce a factor called 
effortMultiplier (see Figure 18). The effortMultiplier is intended to weight quality 
improvements higher the earlier they are incorporated. That is, earlier process improvement 
targeted at quality improvement (not productivity) gives a higher value for the 
effortMultiplier. 
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Figure 18. Calculating Internal SPI Effort Impact Value. 

 
Figure 18 exemplifies this though taking RE (Requirements Engineering) phase as an 
example. If an increase in productivity is to be the result of the process improvement the 
effortMultiplier would be based on the effort used in the RE phase. If a quality improvement 
is to be the result of the process improvement the effortMultiplier would be calculated as the 
total effort of the project minus pre-study (as the RE phase is at project start, thus a quality 
improvement here affects all subsequent project phases). 

 
The produced measurement could be used to compare different SPIs alternatives both for pre- 
and post-evaluation taking utilization (impact on subsequent phases) into account.  
 

7.1.4 Discussion of Utilization and Calculation using Baselines and 
Value Analysis  

Looking at the frameworks for comparing investment alternatives in this section there are any 
number of potential factors that are not easily ascertained. For example the mapping factors 
(e.g. between CVA and IVA) are dependent on the collection and mapping of comparable 
data over a fairly long period of time. In addition to this there is an added complexity of factor 
stability, i.e. circumstances for organizations and the products in question change over time, 
which is inherently detrimental for the stability of these factors.  
 
A factor that adds to this complexity is the maturity of both products and processes over time, 
i.e. mature processes require more effort to improve. The same goes for products, i.e. 
customer value is harder to increase the more complete a product becomes.   
 
This is not to say that the frameworks described are useless, rather they are a good indication 
that there are many ways in which process improvement can be evaluated both pre- and post 
improvement, weighting the best alternative, and not just assuming that an improvement is 
inherently good.  
 
The point is not to take the frameworks with its potential calculations at face value, rather as a 
point of discussion which could lead to interesting ideas for further research. This is 
especially evident if we consider the first two process improvement evaluation methods we 
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propose (see Sections 7.1.1 and especially 7.1.2) in comparison to the last one (see 7.1.3). The 
first utilizes well known concepts from e.g. investment theory, taking the reality of industry 
into account (e.g. using expert opinion as a major source as other measures can not be 
assumed). The last ones are based on assumptions that historical data exists (or can be 
collected for that matter), and do not take the cost of the measurements themselves into 
account. The point with the first proposals was to illustrate what could be done given the 
limitations of data readily available in industry, the last was to illustrate the inherent potential 
of having historical data available and applying concepts of weighting alternative investments 
against each other.  
 



Tony Gorschek                                               Success Evaluation and Measures in Software Process Improvement 
Pär Åsfält   

Page 54 of 58 

8 Discussion and Conclusions 
 
The main purpose of introducing the concepts in Section 7.1.3 was not to produce exact 
models for calculating decision support material, but rather to illustrate how the best 
alternative investment could be assessed using a structured approach. The approach explored 
is based on using several possible investment alternatives, of which SPI is only one, as input. 
The point being that the field of software engineering has to utilize concepts outside the 
normal scope of process improvement when ascertaining the best investment possible from an 
organizational perspective. It is not enough to assume that process improvement is beneficial, 
rather any number of inherent factors can influence process improvement effect and success, 
in addition to there being several ways in which the ultimate goal of increasing customer 
value can be obtained. 
 
The utilization of baselines with regards to internal value and customer value is just an 
exercise in conceptualization of the importance of taking several viewpoints into account prior 
to committing to process improvement. In addition, it also illustrates that there is an absolute 
necessity to log and analyze historical data over time to be able to assess the real effect of 
process improvement on e.g. customer value, and thereby being able to assess the effects of a 
process improvement in any sort of quantitative or monetary value.  
 
In addition, the illustration of the methodology is also meant as a hint to business 
administration researchers to realize that there is a large gap between investment theory and 
the main tools utilized when success of process improvement is measured and evaluated. The 
implication being that the creation of methods and/or models (as the one described by us) is 
beneficial from the perspective of illustrating the importance of different perspectives, but 
also potentially useless from the perspective of accurate decision support. Useless refers to the 
idiom “calculations are only as good as the input used”, that is there is a clear need to develop 
measurement frameworks that are good-enough for collecting reasonable amounts of data, 
eliminating the most pressing confounding factors, and at the same time taking industry 
practice into account. The implication being that “measuring everything” and/or assuming that 
data (for e.g. creating baselines) is available is not realistic, especially not if empirical 
evidence is taken into account (see Section 6). The cost of data collection and measurement 
has to be acceptable, otherwise any number of models produced in support of a perfect data 
source will be an exercise in theory.   
 
The counter argument to keeping tabs on measurement cost is that industry has to realize the 
inherent potential of combining (and utilizing new) methods for assessing the best investment 
alternative.   
 
The methods described in Section 7.1.3 are meant to illustrate an inherent potential (to the 
best of our knowledge) not explored in either software engineering or business administration 
research. One viewpoint could be that the methods for process improvement pre- and post-
evaluation utilized today is where we are, and the rather abstract and theoretical methods 
described in the later parts of this thesis is where we would like to be.  
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