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ABSTRACT 
 

Software has gained an essential role in our daily life in the last 
decades.  This condition demands high quality software. To produce high 
quality software many practitioners and researchers put more attention on 
the software development process. Large investments are poured to 
improve the software development process. Software Process 
Improvement (SPI) is a research area which is aimed to address the 
assessment and improvement issues in the software development process.  
One of the most important aspects in software process improvement is to 
measure the results gained from the embarked process change. Without 
measuring the results, it is hard to tell whether the goals have been 
achieved or not. However, measurement for software process 
improvement is not a trivial task. Furthermore, there is no common 
systematic methodology that can be used to help measuring the 
performance of software process improvement initiatives.  

This thesis is intended to provide basic key concepts for the effective 
measurement and evaluation of the outcome of software process 
improvement. A major part of this thesis presents the systematic review 
in evaluating the outcome of software process improvement. The 
systematic review is aimed at the identification of the major issues in 
software process improvement evaluation and to gather the requirements 
for a software process improvement measurement and evaluation 
framework.   

Based on the results of the systematic review, a measurement and 
evaluation model is formulated. The objective of the model is to provide 
the groundwork for a software process improvement measurement and 
evaluation framework. The model is deemed to be applicable in a broad 
spectrum of scenarios by providing concepts that are independent from 
specific SPI initiatives. 

Keywords: Software process improvement, Systematic review, 
Measurement and evaluation model, Outcome of software process 
improvement. 
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1 INTRODUCTION 
With the increasing importance of software products in industry as well as in our every 

day's life [1], the process of developing software has gained major attention by software 
engineering researchers and practitioners in the last three decades [2] [3] [4] [5]. Software 
Process Improvement (SPI) is the research area which addresses the assessment and 
improvement of the processes and practices involved in software development [6]. 

Investment on improving the software process has increased significantly, and several 
research papers document SPI’s effectiveness as shown in [7]. The SPI literature also 
contains many case studies of successful companies and descriptions of their improvement 
programs [8], and recent examples are presented in [9] [10] [11] [12] [13] [14] [15] [16] [17] 
[18]. One important aspect in conducting a software process improvement initiative is the 
measurement of its effects on the process itself and the produced artifacts. The measurement 
of the software process is a substantial component in the endeavor to reach predictable 
performance and high capability and to ensure that process artifacts meet their specified 
quality requirements [19] [20]. Software measurement is acknowledged as essential in the 
improvement of software processes and products since if the process (or the result) is not 
measured the SPI effort could address the wrong issue [21]. 

Different metrics are used to measure the outcome of SPI initiatives. A measure 
developed without thorough understanding of the concept of interest and the context in 
which the measurement is taking place, is not a true measure and may lead to serious 
ambiguities when evaluating results [22]. Therefore, the correct metrics need to be selected 
for the measurement to be effective and meaningful for the evaluation of the improvement. 
Abrahamsson described that any direct measure of success remains inadequate if other 
dimensions are not considered and that the importance of these dimensions varies depending 
on the stakeholder (e.g. software developer, change agent or manager) evaluating it [23], as 
success means different things to different people [24]. Besides that, it is hard to determine 
whether the improvement that is being measured is coming solely from the SPI initiatives or 
if there are some other factors which are influencing the evaluation [25]. 

Due to the above mentioned complexities, SPI practitioners have found it difficult to 
develop and implement effective performance measurement programs for SPI, in part 
because guidelines for conducting SPI measurements are scarce [26]. Mendonça et al. 
defines the required properties of a measurement framework as a set of related metrics, data 
collection mechanisms, and data uses inside an organization [27]. Therefore, a measurement 
framework that can address the aforementioned problems could guide SPI practitioners in 
introducing an effective evaluation program in their organization. Such a framework could 
provide concrete evidence of the SPI initiatives' outcome, visible to the relevant and 
interested stakeholders. An initial model for improvement measurement and evaluation is 
proposed in this thesis. 

1.1 Aims and objectives 
The aim of this thesis project is to identify and elaborate the key concepts to effectively 

measure and evaluate the benefits of software process improvement initiatives. This will be 
achieved by addressing the following objectives: 
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• To study the current literature, particularly industry related publications, in order to 
identify the requirements for a software process improvement measurement 
framework. 

• To identify commonly used measures and evaluation methods for improvement 
assessment. 

• To identify factors which potentially skew the results of evaluation and may lead to 
erroneous decisions.   

• To identify the major issues in measurement and evaluation of SPI. 
• To formulate and illustrate key concepts which will pave the way for a SPI 

measurement and evaluation framework. 

1.2 Research questions 
Table 1 gives a short overview of the research questions which will be answered during 

the course of this thesis. A more detailed discussion of the questions and how they will be 
answered is given in Chapter 4. 

Table 1: Research questions 

Research Question Aim 

RQ1: How can the result of SPI initiatives 
be evaluated? 

To identify the different approaches and strategies 
used to assess the benefits of SPI initiatives. More 
detailed aspects of this question are addressed in 
RQ1.1 - 1.6. 

RQ1.1: What types of evaluation methods 
are used to evaluate SPI initiatives? 

To identify which concrete evaluation methods are 
used and how they are applied in practice to assess 
SPI initiatives. 

RQ1.2: What evaluation methods are most 
frequently used in association with each of 
the identified SPI initiatives? 

To determine which evaluation method is most 
commonly used in the context of a certain SPI 
initiative and to determine if specific evaluation 
methods are targeted to a particular initiative. 

RQ1.3: What measurement perspectives are 
used and to what extent are the measurement 
perspectives associated with the identified 
SPI initiatives? 

To determine from which measurement 
perspective SPI initiatives are evaluated, i.e. which 
measurable entities are taken into consideration in 
the assessment. Furthermore, to analyze any 
relationship between SPI initiatives and 
measurement perspectives. 

RQ1.4: What are the metrics reported for 
evaluating the SPI initiatives? 

To identify the metrics which are commonly 
collected and used to evaluate SPI initiatives. 

RQ1.5: To what degree are the evaluation 
methods and metrics from RQ1.1 and RQ1.4 
used in industry, i.e. reported empirical 
results of usage? 

To verify that the collected information is relevant 
in the context of industrial application, i.e. that the 
identified evaluation methods and metrics have 
been applied successfully in practice. 

RQ1.6: What are the confounding factors 
identified in relation to the evaluation of SPI 
initiatives presented? 

To identify which factors can distort and hence 
limit the validity of the results of the SPI 
evaluation. To determine if these issues are 
addressed and to identify possible remedies. 

RQ2: What are the major aspects that 
need to be considered in the evaluation of 
SPI motivated by the findings from RQ1? 

To analyze and elicit from the previously answered 
questions a practical model to evaluate SPI 
initiatives, taking into account the discovered 
issues and providing possible applicable solutions. 
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1.3 Expected outcomes 
The expected outcome of this thesis is twofold: first, the analysis and synthesis of the 

conducted systematic literature review will provide an overview of the state-of-the-art in 
evaluating SPI initiatives. The gathered information will serve as input for the design and 
specification of a model to measure and evaluate the benefits of SPI initiatives. Second, the 
model will illustrate the main issues which need to be addressed for an effective evaluation 
and contain key concepts which are deemed to be essential in the implementation of a 
framework for SPI measurement and evaluation. 

1.4 Structure of the thesis 
Figure 1 shows the overall structure of this thesis. The content is logically divided into 

three main parts. 

 
Figure 1: Structure of the thesis  

In Background Research the reader is equipped with the essential information to follow 
the topics in the following parts. Chapter 2 (Background) introduces the software process 
and in particular the various approaches for its improvement. Furthermore, a short 
introduction into software measurement, software process improvement evaluation and the 
theoretical background about "confounding factors" is given. Chapter 3 (Related Work) 
presents a brief summary of the related work regarding the measurement and evaluation of 
SPI initiatives. Since the systematic literature review was used as the main research 
methodology, it was deemed as appropriate to describe the followed approach in more detail 
in Chapter 5 (Systematic Review). The chapters in Background Research can be skipped if 
the reader is already familiar with these topics. 

In Research Design the implementation details of the conducted research are presented. 
Chapter 4 (Research Methodology) depicts the strategy how the stipulated research questions 
will be answered. Furthermore, the design of the systematic review is illustrated in Chapter 6 
(Systematic Review Design and Execution). It includes a detailed review protocol which 



  4 

aims to add traceability to the review and to support a possible replication in the future. In 
Chapter 9 (Validity Threats) threats to validity regarding the research work are discussed. 

In Research Contribution the original work of this thesis is presented. Chapter 7 
(Systematic Review Results) analyses the gathered information through the systematic 
review and presents the findings. Chapter 8 (Proposed Evaluation Model) uses the previous 
findings and other outputs from the systematic review to design a model for software process 
improvement measurement and evaluation. The presented thesis work closes with Chapter 
10 (Conclusion) which contains a conclusion and future work. 

1.5 Terminology 
Table 2: Terminologies used in the thesis report 

Terms Definitions 

SPI initiative  

All software engineering methods or activities which 
are intended to improve the performance of the 
software process. SPI initiatives can be categorized 
into frameworks (e.g. CMM, CMMI, SPICE, QIP, 
Six Sigma, etc), software engineering practices (e.g. 
inspections, test-driven development, etc.) or tools 
that support software engineering practices. For a 
more in-depth discussion see Section 2.1.2. 

To evaluate 
To perform analysis on any kind of data with the aim 
to increase the knowledge on the evaluated entity. 

Evaluation method 

A systematic determination of values of interest 
using a set of rules. In SPI context, it refers to the 
method used to evaluate the outcome of an SPI 
initiative. For a detailed discussion see Section 
7.2.1.1. 

Measurement perspective 

The measurement perspective is the perspective from 
which the improvement is being measured, e.g. 
project, product, organization, etc. For a detailed 
discussion see Section 7.2.3.1. 

Metric 
A real objective measurement describing the 
structure or content of software products or software 
processes that has a standard unit of measure. 

Success indicator 

A success indicator is an attribute of an entity (e.g. 
process, product, organization) which can be used to 
evaluate the improvement of that entity; for a more 
in-depth discussion of success indicators, see Section 
7.2.4. 

Confounding factors 

Usually unobserved variables that can distort the 
evaluation result and that hide or amplify the effect 
of the observed variables. For a detailed discussion 
see Section 2.4. 

Systematic literature review 
 “A means of identifying, evaluating and interpreting 
all available research relevant to a particular research 
question, topic area, or phenomenon of interest” [94]. 
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2 BACKGROUND 
This section provides some background to SPI in general and the evaluation of SPI. 

Since software measurement resides in the core of any improvement evaluation, a brief 
introduction to software measurement is also given. The first section (Section 2.1) describes 
the general concept of software process improvement, the second section (Section 2.2) gives 
a brief introduction to software measurement focusing mainly on the measurement of SPI 
and the third section (Section 2.3) describes the assessment and evaluation of SPI in general. 
A brief introduction to confounding factors is given in the last section (Section 2.4). 

2.1 Software process improvement 
2.1.1 Software process concepts 

With the increase of computing power in the early 1970’s, software industries started to 
face more challenges and Dijkstra, in his ACM Turing Award Lecture in 1972, termed this 
challenge as "software crisis" [28]. Later on, effort to make the software development 
process more disciplined increases driven by the fundamental belief that the quality of a 
software system is governed by the quality of the process used to develop it  [29] [30] [31]. 
However, merely defining a process is not enough to have a disciplined process [32]. In fact, 
a process is disciplined if it is defined, trained, enforced and followed [30]. Furthermore, a 
disciplined and mature process is also expected to be continuously improving [31]. A 
disciplined process manifests itself in an ordered pattern of collective behavior and increased 
team capability [30]. Analogously, the lack of process discipline leads to chaos. 

The Institute of Electrical and Electronics Engineers (IEEE) defines process as "a 
sequence of steps performed for a given purpose" [33]. ISO 9000-1 gives a more elaborate 
definition of process, namely as "a set of interrelated resources and activities which 
transform inputs into outputs, and resources in this sense include personnel, finance, 
facilities, equipment, techniques and methods” [34]. Paulk et al. define software process in a 
similar way as "a set of activities, methods, practices, and transformations that people use to 
develop and maintain software and the associated products (e.g., project plans, design 
documents, code, test cases, and user manuals)" [35]. 

Discipline in the software process was first motivated by the introduction of the waterfall 
life-cycle model in 1970 which gave a clear understanding of the software development 
activities [36]. Thereafter in the late 1980’s, process improvement models like Capability 
Maturity Model (CMM) drove the process maturity movement which helped the software 
industry to move further towards  a disciplined software process [30]. Robert Lai referred 
this process maturity movement as the second wave of the software industry whilst the first 
wave started with the introduction of life-cycle models [37]. Since then software process 
movement has got momentum and several software process improvement frameworks, 
practices and tools have been introduced which push the software industry even further 
towards becoming an engineering discipline [30]. 

2.1.2 Software process improvement initiatives  
Olson et al. defined software process improvement as "the changes implemented to a 

software process that bring about improvements" [38]. In other words, SPI addresses the 
improvement and assessment of the processes and practices involved in software 
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development. The basic principle behind process improvement is the iterative execution of 
the following four steps [39] [40]: 

•    Assess the current status of a process 
•    Elaborate an improvement plan 
•    Implement the plan 
•    Evaluate the improvement 

An effective software process improvement environment should have a process 
infrastructure which supports the process improvement activities [30]. A process 
infrastructure includes both organization and management infrastructures (roles and 
responsibilities) and a technical infrastructure (technical tools and facilities) [30]. 

Software process improvement involves different kinds of initiatives. In this thesis work, 
SPI initiatives are defined as all software engineering methods or activities which are 
intended to improve the performance of the software process and are categorized as 
frameworks, practices and tools. Each of these categories is briefly discussed below: 

i. Frameworks 
Software process improvement frameworks provide models to guide organizations in 
improving their capability and maturity of the software processes.  These models 
also help to set the priorities in improvement and to focus on the processes that need 
more attention. Some SPI frameworks provide assessment procedures which allow 
organizations to assess their current process adherence with respect to a predefined 
standard. Furthermore, they allow the assessment of the organizations increased 
capability to develop software after an improvement initiative was implemented. 
Some of the well known SPI frameworks are CMM, Capability Maturity Model 
Integrated (CMMI), ISO/IEC 15504 (also known as SPICE – Software Process 
Improvement & Capability dEtermination), Quality Improvement Paradigm (QIP) 
and Six Sigma, etc. 

ii. Practices 
Practices are software engineering activities that are planned and performed to 
achieve the goals of certain processes or process areas (process area is defined as a 
cluster of related practices in an area that, when performed collectively, satisfy a set 
of goals considered important for making significant improvement in that area [42]). 
Obviously, the scope of practices is narrower than frameworks and confined to 
improving the capability of certain process areas and not the overall organization. 
Effective implementation of appropriate practices improves the performance of 
specific process areas. Practices can be applied in one or more phases of the software 
development life-cycle. Example of SPI practices are: inspections, test-driven 
development, etc. 

iii. Tools 
Tools are software applications that support software development activities or the 
implementation of certain practices for software process improvement. Tools are 
considered as an SPI initiative because the introduction of new tools or the upgrade 
of a tool can improve the software process in terms of productivity and product 
quality [43]. For example, if an organization wants to improve its requirement 
management process by tracking the realization of the requirements in other phases 
of the software development life cycle, to prioritize requirements and to facilitate 
changes when required, a requirements management tool can support to accomplish 
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these tasks more efficiently. Some other examples of tools that can help to improve 
the software process are: Telelogic Doors, Bugzilla, Rational ClearCase, IBM 
Rational Requisite Pro, etc. 

The scope of SPI frameworks is much broader than practices and tools.  Therefore, more 
illustration of the SPI frameworks with examples is needed for specific SPI frameworks. SPI 
frameworks are discussed in more detail in the following section.  

2.1.3 Software process improvement frameworks 
The two dominant streams in software process improvement differ conceptually in the 

way how the to-be-improved processes are identified. SPI frameworks based on the bottom-
up approach assume that an in-depth understanding of the processes, products and company 
goals is needed in order to implement an effective improvement program [44]. This is in 
contrast to the top-down approach where the SPI framework specifies some generally 
accepted standard processes against which the organizations' processes are benchmarked. 
The elimination of the differences between the standard process and the actual one is then 
the process improvement [44]. Hence, SPI frameworks can be classified into two main 
categories: inductive (bottom-up approach) and prescriptive (top-down approach) [45]. In the 
following sections a few of the major inductive and prescriptive frameworks are discussed in 
brief. 

2.1.3.1 Quality Improvement Paradigm (QIP) 

QIP is based on the bottom-up approach and is inductive in nature, i.e. the decision on 
the to-be improved processes is based on a thorough understanding of the current situation 
[45]. The purpose of the QIP model is to support continuous process improvement and 
engineering of the development processes [47]. 

 
Figure 2: The QIP cycle (inspired by [46]) 
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The QIP cycle (Figure 2) is comprised of two closed loop cycles – the organizational 
(larger) and the project (smaller) cycle [46]. The idea is to establish practices through 
experimenting them in different projects, and then capture and package them into a form that 
can be reused later in the organization, within certain boundaries [48].  The QIP considers 
that all project environments and products are different and therefore certain prerequisites are 
given for reusing experience that includes capturing and packaging of experiences, 
explanations on what kind of project and product types they have been applied successfully 
(and unsuccessfully) to, and how to tailor them to different environments and products [48]. 

The QIP cycle starts with the “characterize and understand" phase aiming to describe 
and comprehend the current context/environment with respect to available 
process/product/quality models, data, intuition etc. where the improvement initiative will be 
carried out. Thereafter in the next two phases, quantifiable goals are set and then based on 
this new process, methods, techniques or tools are chosen for carrying out the improvement. 
Then in the execution phase, the improvement is tested in a specific project (refer the smaller 
cycle in Figure 2), results are analyzed and compared with prior experiences. At last, 
captured experiences in the project level are further analyzed in the organizational level to 
accumulate and package reusable experience in a form that can be used by other projects 
[49]. 

2.1.3.2 Six Sigma 

Six Sigma is another bottom-up SPI approach that aims to reduce process variances 
through application of various statistical analysis techniques [50]. It originated from the 
manufacturing industry and it has helped well-known companies like Motorola and General 
Electric [11] to achieve high return on investment and improving customer satisfaction by 
eliminating defects. In terms of a metric, Six Sigma means 3.4 defects per million 
opportunities (DPMO) and it is used as a measurement for product quality [50]. 

Six Sigma proposes an approach called DMAIC (Define, Measure, Analyze, Improve, 
and Control) which is used for software quality improvement [11]: 

i. Define phase is aimed to understand the current problem and to set goals for 
improvement. 

ii. Measure phase documents the current process quantitatively by determining what to 
measure. 

iii. Analyze phase identifies potential variation causes that help to uncover improvement 
areas. 

iv. Improve phase optimizes the current process using data analysis. 
v. Control phase ensures that the gain is maintained and any deviation is corrected 

before it results in a defect. 

2.1.3.3 Capability Maturity Model (CMM) 

The CMM is one of the most well-known SPI approaches [51]. The framework specifies 
some generally accepted standard processes against which the organizations' processes are 
benchmarked [35]. The CMM provides a prescriptive (top-down) model for improving the 
management and development of software products in a disciplined and consistent way [32]. 
The framework organizes the process improvement steps into five maturity levels as shown 
in Figure 3. CMM levels help an organization to prioritize its improvement efforts and build 
successive foundations for continuous process improvement by defining an ordinal scale for 
measuring the maturity of its software process and for evaluating its software capability [32]. 
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Each level comprises a set of process goals that, when satisfied, stabilize an important 
component of the software process which in turn results in an increase in the process 
capability of the organization [32]. 

 

Figure 3: The five levels of software process maturity (inspired by [35]) 

Each maturity level is composed of certain key process areas. A key process area is a set 
of related activities that need to be performed collectively to achieve a set of goals 
considered important for enhancing the process capability [35]. Each key process area is 
comprised of common features that specify key practices, that, when collectively addressed 
can accomplish the goals of the key process area. To achieve a maturity level, the key 
process areas for that level must be satisfied. To satisfy a key process area, each of the goals 
for the key process area must be satisfied. 

Some other models of SPI, largely based on CMM, emerged later on. Two of the most 
well-known of these models are: CMMI [52] and ISO/IEC 15504 [53]. These new standards 
attempt to address some of the issues identified with CMM and have some unique features as 
illustrated in the following sections.  

2.1.3.4 Capability Maturity Model Integration (CMMI) 

CMMI is an integration of different CMM versions including CMM for Software (SW-
CMM), Integrated Product Development Capability Maturity Model (IPD-CMM) and 
Systems Engineering Capability Model (SECM) with the aim to eliminate the need to use 
multiple models in the same organization [54]. CMMI comes in two basic versions: staged 
and continuous representation. Though both versions are based on the same key process 
areas, they differ in the way how they are represented and how they address SPI [52]. In the 
staged representation, organizations are evaluated against five different maturity levels and 
practices in each KPA are implemented to achieve an overall increase in the organizational 
maturity level [42]. On the contrary, the continuous representation is focused towards 
assessing and improving individual process areas, such as requirement engineering, and 
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improving related practices [99]. However, though CMMI allows for targeted improvements, 
it still guides priorities, i.e. what practices should be improved/added and in what order. 
Therefore, it still is prescriptive (model-based) in nature [54] [55]. 

2.1.3.5 Software Process Improvement & Capability dEtermination (SPICE) 

Another popular prescriptive SPI model is ISO/IEC 15504, also known as SPICE. Both 
CMMI and SPICE are influenced by CMM [40] and the organization of the process areas in 
the continuous representation of the CMMI is similar to that of SPICE [41]. However, some 
process areas that are present in one, are not present in the other [40]. The major visible 
difference between SPICE and CMMI is that SPICE provides only the continuous 
representation of improvement and no staged representation [40]. 

 

Figure 4: Two-dimensional architecture of ISO/IEC 15504 (inspired by [56]) 

SPICE provides a reference model for software process capability determination which 
consists of two dimensions (Figure 4): the process dimension and the capability dimension 
[56]. In the process dimension, processes associated with software development and 
maintenance are defined and classified in five categories known as customer–supplier 
(CUS), engineering (ENG), support (SUP), management (MAN), and organization (ORG) 
[56]. The capability dimension is organized as a series of process attributes (PAs), applicable 
to any process, and represent measurable characteristics necessary to manage a process and 
to improve its performance capability [56]. The capability dimension comprises six 
capability levels ranging from 0 to 5. The greater the level, the greater is the achieved 
process capability. The capability level of each process instance is determined by rating 
process attributes. Each process attribute is measured by an ordinal rating ‘F’ (Fully), ‘L’ 
(Largely), ‘P’ (Partially), or ‘N’ (Not achieved) that represents the extent of achievement of 
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the attribute, as defined in ISO/IEC 15504: Part 2 [56] [57]. A process instance is defined to 
be at capability level n if all process attributes below level n satisfy the rating ‘F’ and the 
level n attribute(s) are rated as ‘F’ or ‘L’. For example, for a process instance to be at 
capability level 2, it requires 'F' ratings for PA1.1 (process performance) and 'F' or 'L' rating 
for PA2.1 (performance management), PA2.2 (work product management). 

2.2 Introduction to software measurement 
2.2.1 Software measurement 

The dependency on software has become higher and higher over time [58]. Many of 
today's devices, whether they are home appliances, industrial machineries or personal 
devices, embed some kind of software [58]. This high dependency demands high quality 
software [1]. According to Fenton there are two viewpoints of software quality [59]: 

i. Internal product view 
This view characterizes the software quality by looking on the criteria that can be 
used to control the software quality during development. 

ii. External product view 
This view characterizes the software quality from the user’s perception in the final 
product. 

In order to determine quality of the software, measurement needs to be applied [1]. 
Software measurements provide a mean to quantify the quality of the software, not just in 
terms of the software as a product but also by the performed process and spent resources for 
producing the software [60]. Having software measurement in place will provide visibility 
and better control on the software engineering process and the resulting products, such that 
the right decisions can be made [61]. In the context of SPI, software measurement is 
essential since if the software development process and the result of the process (the 
software) are not measured, there is a possibility that the improvement initiative might 
address the wrong issue [62]. 

2.2.2 Categorization of software measurement 
Software measurement can be categorized in several ways [60]. According to Fenton, 

software measurement or software metrics can be classified into three types based on the 
entities where measurements are collected [63]. 

i. Process measures are measurements that are collected from the methods, activities 
and practices used in developing a software product, e.g. the number of defects 
found during testing. 

ii. Resources measures are measurements that are collected from the time, cost, effort, 
personnel or other kinds of resources used to conduct the process for developing a 
software product, e.g. the effort in man-months expended in the testing phase. 

iii. Product measures are measurements that are collected from the software product, 
e.g. the number of post-release defects. 

There is another categorization of software measurement based on the dependency 
between measurements [64]. According to these criteria, measurements can be divided into 
two types [64]: 
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i. Direct measurement is a measurement of an attribute that can stand alone and does 
not require the measurement of any other attribute (e.g. size of the product in lines of 
code) 

ii. Indirect measurement is a measurement of an attribute that depends on the 
measurement of one or more other attributes (e.g. productivity in lines of code 
(LOC) / hour, which requires measurement in attribute size and in attribute time). 

Fenton also groups the attributes of the measured entities into two categories [63]: 

i. Internal attributes can be measured purely from the entities themselves without 
relating them to their behaviors, e.g. size of the software in LOC. 

ii. External attributes can only be measured from the entities by relating them to their 
environments, e.g. the number of failures experienced by users. 

2.2.3 Challenges in software measurement 
Implementing a software measurement program is not a trivial task [65]. Measurement in 

software is a relatively new discipline [65]. The immaturity of software measurement 
negatively impacts software engineering in general. Kitchenham mentioned in her study that 
software engineering suffers because software measurements are not standardized [66]. 
Kitchenham also wrote that the problem in data collection arise because of poor definition of 
software measures [68]. Zahran mentioned that “effective and meaningful measurement” 
could only happen in a disciplined process environment whereas “measurement” may also 
need to be conducted in a non-disciplined process environment [62]. 

Wieger mentioned that there are two main factors that can impose difficulties in 
implementing a measurement program and in interpreting its results: a technical factor and a 
human factor [67]. The technical factor is about the process to collect the data for software 
measures whereas the human factor covers the human as the source of data collection [67]. 
These factors can also be considered as confounding factors (see Section 2.4 below for a 
further discussion on confounding factors). 

Pfleeger mentioned that problems in software measurement are caused by different and 
sometimes conflicting motivations among participants of the measurement program [70]. 
The three identified measurement participants in his study are researchers, practitioners and 
customers. Researchers, who are mostly from academia, are motivated by publications they 
can produce [70]. Most of their publications are highly theoretical results and never used in 
the real world nor tested empirically [70]. Practitioners are typically eager to achieve results 
in a short-term [70]. They are not always willing to be a test bed neither for new studies nor 
providing their data to researchers as they fear that corporate information will be revealed to 
competitors [70]. The last participants, the customers who are not always involved in the 
software development process, feel that they cannot influence the process and can only hope 
that they will get what they want [70]. 

Despite of the difficulties, the existence of software measurement is still required in 
software engineering [71]. Software measurement plays an important role in the software 
engineering field [72]. Rombach mentioned that software measurement is an essential 
component for maturity in software technology [74]. Software measurement is still 
considered as beneficial as long it is well-understood and utilized properly [69]. 
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2.3 Evaluation of software process improvement 
2.3.1 Formal assessment 

As explained in Section 2.1, prescriptive SPI frameworks have a set of process areas that 
need to be covered in order to achieve a certain maturity level. A formal assessment can be 
conducted in order to determine whether an organization reaches a certain maturity level 
[73]. A formal assessment is an appraisal conducted by a trained team of software 
professionals to determine the state or level of an organization's current condition, to 
determine the priority of issues faced by organization, and to obtain support for software 
process improvement [35]. 

According to Zahran, formal assessments are typically enacted in three phases [32]: 

i. Phase 1: Preparation phase is aimed to gain support and commitment from top level 
/ senior management to the process and to take action on the results of the 
assessment. At the end of this phase, training for the assessment is conducted. 

ii. Phase 2: On-site assessment is the core phase of formal assessment. As the name 
implies, this phase includes the assessment of the process of organization and the 
creation of a preliminary report of the findings. 

iii. Phase 3: Recommendations is the phase where the findings and recommendations 
are presented to the managers and when the action team to plan and implement the 
recommendations is assembled. 

Normally, prescriptive frameworks provide assessment guidelines that are designed 
towards benchmarking [40]. The following sections describe in brief several examples of 
formal assessment frameworks. 

2.3.1.1 CMM formal assessment 

For CMM the formal assessment/appraisals methodology is based on a set of 
requirements that is called the CMM Appraisal Framework (CAF) [75]. The Software 
Engineering Institute (SEI) created two processes which are compliant with CAF, CMM-
Based Appraisals for Internal Process Improvement (CBA IPI) and Software Capability 
Evaluation (SCE) [76]. 

i. CBA-IPI is created to serve as a method to assess and characterize the software 
process of an organization.  The CBA IPI process usually is conducted by people 
internal to the organization. 

ii. SCE is created to provide a guideline for software acquisition to select suppliers or 
software contractors for contract monitoring and incentives. SCE is conducted by an 
external group to evaluate the organization's process capability which results are 
aimed to support decisions about the future business. 

2.3.1.2 CMMI formal assessment 

The SEI provides a set of requirements for formal assessment/appraisals of CMMI called 
Appraisal Requirements for CMMI (ARC) [77]. ARC is a result of evolutionary progression 
from CAF [77]. SEI also provides an official implementation of ARC that is called Standard 
CMMI Appraisal Method for Process Improvement (SCAMPI) [77]. CMMI appraisal 
methods are not required to satisfy all ARC requirements [77]. There are three classes of 
CMMI appraisal methods, differentiated by the degree of confidence in the appraisal 
outcomes, the generation of ratings, appraisal cost and duration [77]. 
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i. Class A is the most rigorous CMMI appraisal of all. This class must satisfy all ARC 
requirements and is considered as the most suitable for providing benchmarking 
ratings. This class also has an option to be compliant with ISO 15504 appraisals. 

ii. Class B is less rigorous than class A as it does not satisfy all requirements of ARC. 
This class is not meant to give ratings for benchmarking and is not intended to be 
compliant with ISO 15504 appraisals. Class B is useful for an initial assessment of 
CMMI and, as this type involves lower cost, in compare to evaluations done using 
Class A appraisals. 

iii. Class C is only required to satisfy a subset of ARC requirements. This class is the 
least rigorous of all and is most useful to provide a “quick look” at the current 
process capability. 

2.3.1.3 ISO/IEC 15504 (SPICE) Formal Assessment 

The description of SPICE in ISO/IEC 15504 contains also the needed requirements for a 
formal assessment [62]. According to Zahran, ISO/IEC 15504 can be used in one of the 
following three modes [62]. 

i. Capability determination mode is used to determine the capability of a potential 
software supplier. 

ii. Process improvement mode is used to improve the software development process. 
iii. Self-assessment mode is used to determine the organization’s own ability to 

undertake a new project. 

ISO/IEC 15504, like ARC for CMMI and CAF for CMM, provides only the 
requirements for a concrete assessment framework [62]. Other formal assessment methods 
can be compliant to ISO/IEC 15504 by following the stated properties (e.g. SCAMPI class A 
and BOOTSTRAP [78]) [62]. 

2.3.2 Actual benefit evaluation 
Actual benefit evaluation is another type of evaluation in which the evaluation is based 

on the actual benefit of the SPI outcome. This type of evaluation focuses not on the 
compliance against a set of rules but is based on the evaluation results of applying certain 
measurements which are obtained from measurement derivation methods (e.g. GQM [80]) 
[79]. Although in an SPI initiative for which a formal assessment method is available, 
evaluating the actual benefit of SPI is still important and beneficial since the compliance to a 
certain standard does not always guarantee that actual benefits are achieved [1]. 

Organizations that implement SPI initiatives must be able to express clearly the value 
added by the initiatives [79]. The value is needed to determine the organization’s 
achievement level on the goals which are defined before implementing SPI initiatives such 
as improving product quality, return on investment or increased customer satisfaction [79]. 
The actual benefit evaluation is aimed to help organization determining the achievement 
level of their goals [79]. This thesis mainly focuses on the issues of evaluating SPI’s actual 
benefit.  

2.4 Confounding factors 
The main motivation to treat the topic of confounding factors in a rather detailed way is 

to show that they are a major threat in empirical research in general and it is assumed by the 
authors of this thesis that this threat exists also in the evaluation of SPI initiatives. First, the 
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concept of confounding factors is described (Section 2.4.1), followed by a short discussion 
how they can be controlled in comparative research studies (Section 2.4.2). Then, a 
motivation for further studying confounding factors in the context of SPI evaluation is given 
(Section 2.4.3). 

2.4.1 What are “confounding factors”? 
In the context of experimental design, confounding factors were defined as “variables 

that may affect the dependent variables without the knowledge of the researcher” [81]. They 
represent a threat to the internal validity of the experiment and to the causal inferences that 
could be drawn since the effect of the treatment cannot be attributed solely to the 
independent variable. As shown in Figure 5, both independent variables (treatments) and 
confounding factors represent the input to the experiment and the assessment validity of the 
dependent variables (effects) is threatened. 

 
Figure 5: Variables in experiments (adapted from [81]) 

A more detailed definition of confounding variables can be found in [82]: 

“If we undertake to estimate the effect of one variable (X) on another (Y) by examining 
the statistical association between the two, we ought to ensure that the association is not 
produced by factors other than the effect under study. The presence of spurious association, 
due for example to the influence of extraneous variables, is called confounding as it tends to 
confound our reading and to bias our estimate of the effect studied. Conceptually, therefore, 
we can say that X and Y are confounded when there is a third variable Z that influences both 
X and Y; such a variable is then called a "confounder" of X and Y.” 

The major difference between the two definitions is that the second one explicitly states 
that the confounding variable is associated with both the independent and dependent variable 
Figure 6. This is a necessary condition for a true confounder since without this association 
the confounding effect would cancel out when measuring the dependent variable. Only if the 
confounder is correlated with the independent variable (and changes therefore with different 
values of it) and with the dependent variable, the ceteris paribus (all other things being 
equal) condition is violated. Therefore the studied effect cannot be solely attributed to the 
treatment. 

 
Figure 6: Variables in experiments according to definition in [82] 
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Definitions which support the above: 

i. “A confounding variable is an extraneous variable (usually unmonitored) that 
changes systematically along the two variables being studied. A confounding 
variable provides an alternative explanation for the observed relationship between 
the two variables and, therefore, is a threat to internal validity.” [83] 

ii. “A confounding variable is an extraneous variable that wholly or partially accounts 
for the apparent effect of the study exposure (or that masks a true underlying 
association. [...] A confounding variable could be the real cause or it could be a non-
causal link resulting from the confounders' association with the true causal factors.” 
[84] 

iii. “A variable can confound the results of a statistical analysis only if it is related (non-
independent) to both the dependent variable and at least one of the other 
(independent) variables in the analysis.” [85] 

The following example (adapted from [86]) is given to substantiate the idea, showing 
that the results of a study may considerably be distorted if confounding factors are not 
addressed appropriately: 

A study tries to determine whether wearing a seat belt while driving reduces the risk of 
being killed in a car accident. For this purpose, accident records for a specific highway 
stretch are examined by comparing the fatality rates of drivers wearing with those ones not 
wearing a seat belt. The data of these two categories is given in Table 3. 

Table 3: Car accident data (adapted from [86]) 

Condition 
Seat belts 

Worn Not worn Total 
Driver killed 10 20 30 
Driver not killed 40 30 70 

Total 50 50 100 
Fatality rate 0.2 0.4  

The data shows that the fatality rate for drivers who have worn seat belts is lower (10/50 
= 0.2) than for those who haven't (20/50 = 0.4). This suggests that wearing a seat belt 
positively influences the fatality rate of car accidents. If a third variable, namely the speed at 
impact, representing the severity of the accident, is considered, the picture changes as shown 
in Table 4. 

Table 4: Car accident data categorized by severity level (adapted from [86]) 

Condition 
Low impact speed High impact speed 

Worn Not worn Total Worn Not worn Total 
Driver killed 4 2 6 6 18 24 
Driver not killed 36 18 54 4 12 16 

Total 40 20 60 10 30 40 
Fatality rate 0.1 0.1  0.6 0.6  

Here, although the base data is the same as in Table 3, the given information suggests 
that wearing seat belts has no influence on the fatality rate. Although the example seems 
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abundantly constructed, it shows how the consideration of an extra variable can change the 
drawn conclusions. 

2.4.2 Addressing “confounding factors” 
The control of confounding variables in comparative research is mentioned as the major 

concern in “Statistical Methods for Comparative Studies: Techniques for Bias Reduction” 
[86]. The authors differentiate between randomized and non-randomized studies and propose 
statistical methods to adapt the analysis in order to compensate for known confounding 
variables. Generally, the effect of confounding factors on the dependent variable can be 
controlled by designing the study appropriately, e.g. by a random allocation of the treatment 
and control groups. The fundamental assumption by such a design is that the confounding 
variables are equally distributed in each group, i.e. that the probability is high that the groups 
have similar properties. Therefore, if the distribution of the dependent variable is similar in 
both the control and treatment group, it can be concluded that the treatment has no effect. 

In the case of non-randomized studies, i.e. where it is not possible to create randomized 
samples, the matching technique can be used to group the samples in a way to minimize the 
effect of confounding variables. The basic idea inherent in all the discussed matching 
techniques is to form study groups which are as similar as possible in regard to possible 
confounding variables (that is, similar as in randomization, increase the probability that the 
association between confounding variable and independent variable is similar in all groups). 

The methods described above can be applied when designing the study. The authors in 
[86] propose also adjustments techniques which can be applied during the analysis, that is, if 
the groups were in fact not comparable. These methods are standardization and stratification, 
analysis of covariance, logist analysis and log-linear analysis. In order to effectively apply 
one of these methods, it is necessary to specify a valid mathematical model which describes 
the relationships between dependent, independent and confounding variables. 

2.4.3 “Confounding factors” and evaluation of software process 
improvements 

A major problem of the previously discussed techniques is the prerequisite that the 
confounding variable is known to the researcher. Without being able to specify the 
confounding variables neither an adequate design of the study nor the selection of an 
appropriate adjustment technique can minimize the effect of confounding factors. 
Furthermore, even though the methods provide a way to control confounding variables when 
groups are compared to each other and hence the relative confounding effect is under 
control, the absolute effect is still unknown (e.g. what would be the true effect of the 
treatment without the confounding component).  

Assuming that in the evaluation of software process improvements the change is 
assessed by comparing indicators which represent an attribute before and after the initiative 
has taken place, it is apparent that the problem of confounding factors, as it is encountered in 
comparative studies, is also an issue in the evaluation of SPI initiatives. It is therefore of 
paramount importance to identify potential confounding factors in the field of software 
process improvement. Then, the question how they can be addressed efficiently in the 
evaluation needs to be answered. Realistically, some of the previously discussed methods 
may work in academic settings but are probably not scalable and applicable in industry 
settings. 
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3 RELATED WORK 
A preliminary study on the literature indicates that no systematic reviews on evaluating 

the outcome of software process improvements have been conducted before. However, 
several studies which are related to the area of SPI measurement and evaluation are 
identified. Although the studies reside in the same area, they do not focus on the issues 
addressed in this thesis work. A summary of those studies are given below.   

Gomez et al. conducted a systematic review on measurement in software engineering 
[87]. This study tried to answer three questions: “What to measure?”, “How to Measure?’ 
and “When to Measure?” For answering the first question, the study accumulates the metrics 
based on entities where the measures are collected (process, project, and product) and 
measured attributes (complexity, size, cost, etc). The second question is answered by 
presenting the percentage of metrics that have been validated (empirically, theoretically or 
both) and the focus of the metrics (object-oriented, measurement focusing in process, 
quality, etc). The answer for the third question is presented by quantifying the metrics based 
on the phases when they were collected in the project lifecycle. The results of this study can 
be used as one component in evaluating SPI initiatives as it provides an ontology of metrics 
used and applied in industry. However, the systematic review does not focus on evaluating 
the outcome of software process improvements and is limited to answering which metrics are 
generally used in software engineering. 

A study by Wilson et al. is aimed to create a framework for evaluation and prediction of 
SPI success [88]. The study is based on a framework of questions for evaluating a metric 
program adapted to the SPI context. The questions are grouped according to four 
perspectives: Context, Inputs, Process and Products. Questions within context perspective 
are intended to discover whether SPI program is suitable with organization’s current 
conditions. Input perspective is aimed to investigate the resources required to implement SPI 
program. Process perspective is intended to deal with method that is used to implement and 
maintain the SPI program. Products perspective is targeted to collect information regarding 
the results and benefits gained as ouputs of the SPI program. They validate the adapted 
framework by interviewing several practitioners. Although the results are positive for the 
framework, this study was meant to propose a framework for assessing the readiness of an 
organization to implement SPI and not to evaluate the outcome after implementing SPI. 

The Software Engineering Institute published a technical report about concepts on 
measuring the benefits of software process improvements [89]. This technical report 
explained that benefit evaluation of SPI is important. The report explained the methods to 
measure the costs and savings of conducting SPI. It also describes several measurements that 
are needed in order to measure the benefits of SPI along with guidelines on how to collect 
those measurements. Although it mentions a set of appropriate measurements and explicitly 
introduces an evaluation method, the study does not provide information on how the 
selection of measurement is conducted. Furthermore, the factors that can influence the 
measurement results are not discussed. 

A study by Statz entitled “Measurement for Process Improvement” proposes some 
measurements that are needed to justify the decision of embarking SPI, assess the readiness 
of an organization to conduct an SPI and monitor the progress of the implemented process 
improvement [90]. Assessing the readiness of an organization to conduct SPI has a different 
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purpose than evaluating the outcome after implementing SPI. In this study, the 
measurements for justification of embarking SPI are grouped according to Balanced 
Scorecard (BSC) (for more information about BSC, see [91]) measurable concepts [90]. 
Measurements for monitoring the progress of implemented process improvement are 
grouped according to the software and system project such as schedule and progress, 
resources and cost, product quality, product stability and size, and customer satisfaction. 
Although the result of the study can be used as inspiration for SPI evaluation (i.e. as a 
guideline on what to measure) the study does not provide a comprehensive method to 
evaluate the outcome of process improvements. The study also does not provide method to 
select the measurements nor discussing factors that can influence the measurement results. 

Abrahamsson proposed a method to measure the success level of SPI [23]. The method 
is based on two elements, the dimensions that were proposed before by Shenhar et al. [92], 
and the stakeholders involved in an SPI program, as proposed by Zahran [30]. The 
dimensions reflect different interests and views determined by parties involved in the project. 
The   defined  dimensions are: “Project efficiency”, “Impact on the process user”, “Business 
success”, “Direct operational success”, and “Process improvement fit and preparing for the 
future”. The stakeholders are “Sponsorship”, “Management”, “Coordination”, “Operational”, 
and “Object of change”. This study presents the evaluation results of the dimensions from 
one of the stakeholders' point of view, in this case from the “Object of change” (e.g. 
Software developers, designers, testers). Abrahamsson argues that evaluating the dimensions 
by the stakeholders can be useful to help determining the level of success achieved by the 
SPI implementation. However, this study only proposes dimensions that come from project 
entity. Other entities which are affected by SPI, such as the software product, are not 
covered.  It is possible that the software project is considered as a failure because it is not on 
time nor on budget but the product is a big success in the market [178]. This study does also 
not provide information on how to evaluate the improvement nor proposes concrete metrics 
to be used in each dimension for evaluating the success of SPI.  

Bhatti et al. [93] proposed a method for organization to determine optimum measures. 
The study presented a model called Optimum Measures Set Decision (OMSD). The basic 
idea of the model is adding a heuristics approach to the GQM paradigm by incorporating 
factors which are important to be considered for determining the measures. The study also 
suggests using a measures pool which consists of metrics from ISO 9126 to assist the process 
of determining optimum measures. Although the study mentioned that the model can be used 
to select the measurements for SPI, the model in the study did not address the entire SPI 
evaluation issues. Issues not discussed in the study are time to evaluate, the method to 
evaluate the measurements results, factors that can influence the evaluation results. 

This thesis is intended to identify the concepts needed to measure and evaluate the 
outcome of implementing SPI initiatives. Benefits of implementing SPI initiatives are also 
addressed in the Product perspective proposed in [88]. However, the measurement and 
evaluation in this thesis is not targeted for prediction before SPI initiatives implementation. 
Abrahamsson posed an involvement of SPI’s stakeholders in the evaluation process of SPI 
implementation in order to identify which “entities” are important to be measured [23]. This 
thesis is aligned with Abrahamsson’s idea of involving stakeholders and elaborates it in 
broader scope of entities. The measurement selection method proposed in [93] and the list of 
measurements proposed in [87] [89] and [90] can be one of the component for measurement 
and evaluation of SPI implementation. This thesis explores the measurements in more 
details. Almost all related studies, except [89], do not provide information for method that 
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can be used to evaluate the measurement results. Information regarding method to evaluate 
the improvement is presented in this thesis. Two aspects that are not included in the related 
studies are regarding the right time to evaluate the improvement and factors that can 
influence the evaluation results. These two aspects are presented in this thesis. Additionally, 
this thesis discussed the method to increase the visibility of the evaluation results. 
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4 RESEARCH METHODOLOGY 
To answer the research questions mentioned in Section 1.2, two research methods were 

used:  systematic literature review and conceptual analysis. 

 Besides, a traditional literature review was conducted to have a deeper understanding of 
the topics under investigation. Before detailing down how each of these research methods is 
used, their definition and general idea are described in Section 4.1. Then, in Section 4.2, a 
flow chart illustrates how the chosen research methods were applied in this study to answer 
the research questions. In Section 4.3, a mapping of the research questions with the research 
methods is shown in a table along with the steps taken to answer the research questions. 

4.1 Brief description of research methodologies 
A brief description of the research methods used in this thesis is given in the following 

sections. 

4.1.1 Systematic review 
According to Kitchenham et al., a “Systematic literature review (also known as 

systematic review) is a means of identifying, evaluating and interpreting all available 
research relevant to a particular research question, topic area, or phenomenon of interest” 
[94]. Kitchenham noted that the systematic review is a form of secondary study whereas 
individual studies contributing to a systematic review are called primary studies [94]. The 
systematic review uses a well-defined methodology that is unbiased and (to a degree) 
repeatable [94]. 

 The systematic review is done in three main steps as recommended by the guidelines of 
Kitchenham [94]. These steps are: planning, conducting and reporting the review. In the 
planning step, the main activities are defining the research questions and developing a 
review protocol. A review protocol defines the purpose and procedure of the systematic 
review [95]. A properly designed review protocol helps to avoid researcher bias in 
conducting the systematic review [94] [95]. In the conducting phase, primary studies are 
selected based on a defined search strategy and then the needed data is extracted and 
synthesized. Besides, a quality assessment of the primary studies is also done in this phase. 
Finally, in the reporting phase, the findings of the systematic review are documented and 
disseminated. A detailed description of each of the phases of the systematic review in 
general is given in Chapter 5, whereas the design of the systematic review conducted in this 
study is described in detail in Chapter 6. 

 Incorporating systematic review in this thesis gives the advantage of obtaining 
evidences that provide information on SPI evaluation across a wide range of settings and 
empirical methods, minimizing researcher bias, in compare to conventional literature review. 
On the other hand the major disadvantage of doing systematic review is, as acknowledged by 
Kitchenham in [94], “systematic review requires considerably more effort than traditional 
literature review”. However, the author thinks, the advantages outweigh the disadvantages. 

4.1.2 Literature review 
A literature review is commonly used by researchers to explore the existing knowledge 

on a subject area. The methods used for conducting a literature review can vary as it depends 
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on the objective and scope of the research. However, it is important that the literature review 
is conducted in an effective way. Levy and Ellis define a literature review process as 
“sequential steps to collect, know, comprehend, apply, analyze, synthesize, and evaluate 
quality literature in order to provide a firm foundation to a topic and research method” [96]. 

4.1.3 Conceptual analysis 
According to the “Writing guides of content analysis” published by the Colorado State 

University, “In conceptual analysis, a concept is chosen for examination, and the analysis 
involves quantifying and tallying its presence” [97]. According to M. Beaney, "conceptual 
analysis consists primarily in breaking down or analyzing concepts into their constituent 
parts in order to gain knowledge or a better understanding of a particular philosophical issue 
in which the concept is involved" [98]. 

Conceptual analysis can be conducted in the following steps as mentioned in [97]: 

i. Deciding the level of analysis: Determining which word, set of words or phrases 
constitute the concept. 

ii. Deciding how many concepts to code for: This step involves developing a pre-
defined set of concepts and categories and determining the total number of 
individual concept to code for. 

iii. Deciding whether to code for existence or frequency of a concept: This step is to 
determine whether to simply look for the existence of a concept or to count it each 
time it occurs. 

iv. Deciding on how to distinguish among concepts: This step determine the level of 
generalization that can be done for each concept. For example, to decide if two terms 
express the same idea, whether they can be grouped together as one item or if they 
should be interpreted differently. 

v. Developing rules for coding the texts: To ensure that the coding of the concepts is 
done consistently and coherently, a set of rules are determined in this step. This step 
defines how to make an implicitly mentioned concept explicit so that coding is done 
exactly for what it was intended to code for. 

vi. Deciding what to do with "irrelevant" information: This step determines whether to 
discard unwanted material or considering all information as relevant and important 
and using it to reexamine or reassess later. 

vii. Coding the texts: This step is to code the text based on the decision for coding made 
in the previous steps. 

viii. Analyzing the results: Based on the data gathered from the previous steps, analysis is 
done in this step to draw conclusions and generalizations where possible. 

4.2 Flow chart for the research methodology 
The conventional literature review was done at the beginning of the research to have 

deeper understandings of the topic under investigation. At first the literature review was 
done on various SPI frameworks’ standard documents (e.g. CMMI version 1.1 both staged 
[42] and continuous representation [99], SPICE-Software process assessment version 1.0 
part 1-9 [100], Standard CMMI Appraisal Method for Process Improvement (SCAMPI): 
Class A appraisal [101] , Class B and C appraisals [102], etc). This is driven by the fact that 
the SPI frameworks are one of the major SPI initiatives and deeper understanding on 
different well-known SPI framework is necessary to carry out the research on SPI initiatives 
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in general. The sources that were explored for acquiring the SPI standards documents 
include official websites, books, technical reports, etc. The reason why a literature review 
was chosen for this purpose instead of a formal systematic review is that the required sources 
for standard documents were well-known and the needed information could be acquired 
reliably. 

 
Figure 7: Flow chart for the research methodology 

A literature review was also conducted to gather background information on 
confounding factors (Section 2.4).  It was revealed that the discussion of confounding factors 
in the software engineering field is very limited (mostly in the context of experimental 
studies and research). On the other hand, it was found that the terms “confounding factor”, 
“confounding variable” or “external variable” have been used in other fields too (e.g. 
medicine). Therefore it was decided to include the information from different research areas 
in order to illustrate better the concept of confounding factors. The findings from this 
literature review provided the needed additional background information to conduct the 
systematic literature review on SPI evaluation. 
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  To answer the first research question “RQ1: How can the result of SPI initiatives be 
evaluated?” a systematic review was conducted. The systematic review focused on four main 
aspects, which were considered as essential for SPI evaluation. These are: the used 
evaluation methods, measurement perspective in the evaluation, metrics used for evaluation 
and confounding factors affecting the evaluation results. All the steps of the systematic 
review were driven by the consideration of these aspects, starting from formulating the 
research questions (Section 6.1.2), the review protocol design (Section  6.1.3) in the planning 
phase to the primary study selection (Section 6.2.2), the data extraction (Section 6.2.3) and 
the synthesis in the conducting phase,  and the dissemination of the results in the reporting 
phase. 

Conceptual analysis is one of the other research methods used in this thesis to answer the 
research question RQ2. Findings from the systematic review act as an input for the 
conceptual analysis. Hence, the conducted conceptual analysis is highly dependent on the 
data gathered from the systematic review. Therefore, the steps (step i – vi) of the conceptual 
analysis mentioned in Section 4.1.3 are applied and incorporated in the data extraction 
strategy (see Section 6.1.3.5) of the systematic review so that the data can be collected in a 
systematic way and is usable for later use in conceptual analysis. The data extraction form 
(see Table 12 in section 6.1.3.5) shows the categorizations and generalizations done and 
reflects the output of steps i - vi of the conceptual analysis.  Step vii, “coding the text”, is 
done with the help of the data extraction form template (see Table 15, Section 6.2.3) at the 
time of conduct phase of the systematic review. The data collected from the systematic 
review and its results (see Chapter 7) drive step viii, “analyze the result”, of conceptual 
analysis. Based on the findings from the conceptual analysis, the core concepts were 
proposed as a model for evaluating SPI initiatives. 

4.3 Mapping of research questions and research 
methodologies 

The research questions, corresponding research methodologies and steps followed to 
answer the research question are described in Table 5. 

Table 5: Mapping of research questions and research methodologies  

Research Questions Steps Methodology 

RQ1: How can the result of SPI 
initiative be evaluated? 

To explore how the results of SPI 
initiatives can be evaluated. SPI 
evaluation is investigated in terms of the 
evaluation methods used, measurement 
perspective in the evaluation, metrics 
used for evaluation and confounding 
factors affecting the evaluation results. 
Detailed steps followed to answer this 
question are elaborated in RQ1.1 to 
RQ1.6. 

Systematic 
review 

RQ1.1: What types of evaluation 
methods are used to evaluate SPI 
initiatives? 

Identify different evaluation methods 
used in SPI evaluation and categorize the 
evaluation methods in accordance to the 
similarity of the methods applied. 

Systematic 
review 
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RQ1.2: What evaluation methods 
are most frequently used in 
association with the identified 
SPI initiatives? 

For each of the identified SPI initiatives, 
the use of each evaluation methods are 
first quantified/ tallied. Thereafter, the 
most frequently evaluation methods in 
association with each SPI initiative are 
identified.    

Systematic 
review 

RQ1.3 What measurement 
perspectives are used and to what 
extent are the measurement 
perspectives associated with the 
identified SPI initiatives? 

For each paper selected in the primary 
studies, the perspective from which the 
improvement is being measured is 
identified and recorded to see the  
percentage of each measurement 
perspective individually and also in 
association with SPI initiatives. Any 
specific trend that exists between 
measurement perspective and well-
known SPI frameworks is also identified. 

Systematic 
review 

RQ1.4: What are the metrics 
reported for evaluating the SPI 
initiatives? 

Metrics are extracted from the papers and 
fitted into a categorization to get an 
overview of what is actually measured. 
Then, how often each category is 
reported in the publications in terms of 
the total number of metric instances 
found is identified. Besides, most 
commonly used metrics for each category 
are also identified. 

Systematic 
review 

RQ1.5: To what degree are the 
evaluation methods and metrics 
from RQ1.1 and RQ1.4 used in 
industry, i.e. reported empirical 
results of usage? 

Data from RQ1.1 and RQ1.4 are further 
analyzed to identify their application in 
industry and non-industry context. Systematic 

review 

RQ1.6: What are the 
confounding factors identified in 
relation to the evaluation of SPI 
initiatives presented? 

Publications that discuss factors that can 
influence the accuracy of SPI evaluation 
are first identified and then the findings 
from those papers are summarized. 

Systematic 
review 

RQ2: What are the major 
aspects that need to be 
considered in the evaluation of 
SPI motivated by the findings 
from RQ1? 

The results and analysis from RQ1 are 
used as input for this research question in 
order to formulate and propose the core 
concepts that can be used as a model to 
evaluate SPI initiatives. 

Conceptual 
analysis 
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5 SYSTEMATIC REVIEW 
Information gathering is a common activity in conducting research regardless of the area 

in which the research is performed. Having objective and complete information will bring 
many benefits for the research. Information gathered during research must be accurate and as 
objective as possible. Therefore it is expected that the researchers gather and evaluate 
information without being biased. Clearly this goal is difficult to achieve since this would 
require perfect information about a research area and a researcher which is unbiased by his 
own expectations (and therefore knowledge) in that area. 

The systematic literature review tries to address the above mentioned issues. The 
systematic review is “a mean to identify, evaluate and interpret the existing relevant 
researches to a certain research questions or interest by providing rigorous, trustworthy and 
auditable methodology” [94]. Its main goal is to identify evidence regarding a research 
question and to analyze it either quantitatively or qualitatively. A systematic review is a 
secondary study which gathers its value by selecting, analyzing and synthesizing primary 
studies. 

A set of guidelines to conduct systematic review in software engineering field were 
written by B. Kitchenham [94]. The guidelines were created by modifying similar supporting 
material from evidence-based medicine. Kitchenham wrote in the guidelines that the 
modification from evidence-based medicine was necessary because of two reasons. The first 
reason is the small number of empirical research in software engineering compared to 
medical research. The second reason is motivated by the insight that the research methods of 
software engineers are not as rigorous as those ones used by medical researchers. The 
guidelines highlight the differences to medical systematic reviews and provide hints for 
software engineers how to perform a systematic review in their own field. 

5.1 Motivations for systematic review 
The execution of a systematic review requires a certain amount of time and effort. It is 

therefore important to select this tool when it is adequate and justifies the effort. This section 
presents some "use-cases" where it is reasonable to conduct a systematic review (adapted 
from [94]). 

i. Some research may be interested in finding evidence concerning a specific treatment 
or technology. This can be achieved by a systematic review although the practitioner 
has to pay attention to formulate focused research questions.  

ii. A systematic review can help to identify gaps in current research. Due to the 
rigorousness of the methodology it increases the likelihood to identify a real gap 
which is not caused by omission of relevant literature. A systematic review can only 
provide confidence to a certain extent since the threat of publication bias exists. 
Publication bias describes the phenomenon that positive research results are more 
likely to be published that negative ones. It represents a threat since unpublished 
results are difficult to retrieve and their lack in the analysis of the review may affect 
the drawn conclusions. 

iii. Since the systematic review tries to discover empirical evidence, it can be used to 
assess to which extent a theoretical hypothesis is supported or not. Analogously it 
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can be instrumented to form the basis onto which further research activities are 
positioned. 

5.2 Properties of systematic review 
This section highlights important features of the systematic review that differentiates it 

from the traditional literature review. A systematic review requires the definition of a 
“review protocol” which defines clearly the addressed research question(s) and the means by 
which they are answered. The design of the protocol drives the whole review process and 
enables the evaluation of the systematic review by third parties. It is therefore of major 
importance to define a crisp and sound protocol which explains clearly the aims of the 
review and the means by which they are tried to be achieved. Furthermore, the review 
protocol allows researchers to repeat the systematic review at a later point in time in order to 
observe the development in a certain research field. 

The definition of a “search strategy” helps to acquire as many of the relevant primary 
studies as possible. The intent is to identify the sources which are queried (journal, 
conference and reference databases), gray literature (material which cannot be found easily 
by conventional channels; e.g. unpublished papers, work in progress) and to define the 
means by which the queries are executed (selection of keywords and definition of search 
strings). The explicit definition of a search strategy allows readers to assess the rigorousness 
and completeness of the systematic review. 

In order to objectively select primary studies, the systematic review requires the 
definition of “inclusion and exclusion criteria”. They state properties which studies have to 
fulfill and help to identify the material which is relevant to answer the research questions. 
“Quality criteria” are defined in order to assess the quality of the individual primary studies. 
The usage of quality criteria can be twofold: they can trigger the inclusion/exclusion of 
material and/or rate the quality of the selected primary studies and of the synthesized data. 
Finally, a systematic review is the prerequisite for performing “meta-analysis” which 
combines the results of several primary studies that address a set of related research 
questions.  

The features of traditional literature review are compared with those of the systematic 
review in Table 6 [103]: 

Table 6: Comparison of traditional literature review and systematic review features 

Feature Traditional literature review Systematic literature review 

Question Often broad in scope Often a focused research question 

Identification of research Usually not specified, potentially 
biased 

Comprehensive sources and explicit 
search strategy 

Selection Usually not specified, potentially 
biased 

Criterion-based selection, uniformly 
applied 

Appraisal Variable Rigorous critical appraisal 

Synthesis Often a qualitative summary Qualitative and/or quantitative 
synthesis 

Inferences Sometimes evidence-based Usually evidence-based 
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It can be seen that systematic review provides a more rigorous approach, especially for 
features identification of research, selection and appraisal. Those features increase the 
objectivity of the review and strengthen the background for further research based on the 
results of the conducted systematic review. 

5.3 Advantages and disadvantages of systematic review 
Every methodology has its strengths and weaknesses and it is up to the practitioner to 

choose the appropriate tool to reach the stated goal. This section shows the advantages and 
disadvantages of systematic review (as identified by Kitchenham in [94]) and in combination 
with the "use-cases" presented in Section 5.1 it may serve as a decision aid for actually 
performing a systematic review. 

Since the systematic review is driven by a prior defined protocol, it makes it less likely 
that the result is skewed or biased by the expectations of the researcher. Although the 
protocol design is not static and, in general, may evolve during the systematic review, the 
changes and their rational are made explicit. The objection that the initially defined protocol 
is done pro-forma and is substantially useless does not hold [95]. A well performed 
systematic review includes the modifications to the protocol and identifies the motivations 
and consequences affecting the outcome of the review. Although the search strategy tries to 
increase the likelihood to acquire all relevant material, it does not protect against publication 
bias (emerges from the affinity of researchers or publishers to handle positive results 
differently as negative or inconclusive ones) of primary studies. 

Due to the fact that systematic reviews summarize and synthesize the results of studies 
executed with different methodologies and within a wide range of settings it allows the 
researcher to gather more robust evidence of an effect or phenomenon. On the other hand, if 
synthesis reveals inconsistencies, sources of variations can be further studied. Furthermore, 
if the systematic review includes quantitative studies, it is possible to combine data using 
meta-analysis which increases the likelihood of detecting real effects (which would not be 
uncovered by the single studies alone). 

The major disadvantage of systematic reviews compared to traditional reviews is the 
considerable higher amount of required effort and calendar time [95]. Since the full process 
includes several steps and requires joint reviews by the participating researchers, it may be 
difficult to establish a schedule. For first-time practitioners it is also difficult to estimate the 
required effort. 

5.4 Systematic review process 
The systematic review process consists of three phases. Those phases are: plan the 

review, conduct the review and document the review (Figure 8). The execution of each phase 
requires iteration, feedback and maintenance in order to achieve acceptable results. Each of 
these phases contains a sequence of stages. Details on each stage are explained in the next 
sections. 
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Figure 8: Phases in systematic review (inspired by [94]) 

5.4.1 Plan the review 
This is the first phase of the systematic review and is also the most important one. In this 

phase the planning of the complete process is conducted. The next phases are basically just 
following what has been planned in this phase. 

 
Figure 9: Stages in plan the review phase (inspired by [94]) 
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There are five stages in planning the review phase [94]: 

i. Identify the needs for a systematic review 
A rationale must be given why a systematic review could answer a research question 
or could help to put further research activities on a solid ground. Furthermore, 
researchers investigate whether a systematic review in the same research area has 
already been conducted before or not. Found evidences will be studied for deciding 
whether the systematic review is still needed or any kind of other study is more 
appropriate. 

ii. Commissioning the review 
In this stage, an organization that wishes to collect information by conducting a 
systematic review but doesn't have the needed resources or expertise specifies the 
requirements for the work to be done. The organization usually issues a commission 
document in order to solicit a research group and/or to have a mean to control that 
the review remains focused and in context.  

iii. Specifying research questions 
In this stage the research questions, which are the main drivers of the systematic 
review, are defined. Primary studies identified in this systematic review and the final 
result must be able to answer these research questions. 

iv. Development of the review protocol 
In this stage the review protocol is developed. It describes the details and methods 
with which the entire systematic review is conducted. A well-documented review 
protocol ensures that the systematic review is repeatable. 

v. Evaluating the review protocol 
This stage's purpose is to ensure that the review protocol has fulfilled certain quality 
criteria and ensures that the systematic review can be conducted in an unbiased 
manner. In this stage, researchers which are not involved in the systematic review, 
inspect, evaluate and provide feedback on the review protocol which has been 
produced before. If the result of the review protocol evaluation is dissatisfactory, a 
refinement of the review protocol needs to be carried out.  

The second stage, commissioning the review, is not a mandatory stage and can be 
omitted. The rest of the stages are mandatory and have to be carried out in sequence. The 
review protocol is the main product of this phase. It drives the next two phases and is 
developed iteratively until it reaches the required quality. The next chapter (Chapter 6) in 
this thesis is dedicated to present the review protocol of a systematic review on evaluating 
SPI initiatives. 

5.4.2 Conduct the review 
The activities in this phase are based on what has been designed in the previous phase. 

There are five stages that are required to be executed in sequence. Those five stages 
correspond to five components in review protocol [94]:  

i. Identification of research 
Resources, which include digital libraries, journals, and proceedings to conferences, 
are identified. The search strategy is applied on these resources to identify potential 
primary studies. 
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ii. Selection of primary studies 
In this stage, all studies extracted from the previous stage are examined according to 
inclusion and exclusion criteria. The selection is carried out based on the selection 
procedures described in review protocol. 

iii. Study quality assessment 
This stage is about assessing the quality of the selected studies from the previous 
stage based on the checklist or questions defined in the research protocol. 

iv. Data extraction 
In this stage, the information found in the selected studies which could help to 
answer the research questions is extracted for further analysis. 

v. Data synthesis 
The gathered information in the extraction forms is analyzed and synthesized to 
draw the final answers to the research questions. 

 
Figure 10: Stages in conduct the review phase (inspired by [94]) 

5.4.3 Document the review 
The main activity in this phase is to prepare the results of the systematic review in an 

appropriate format. This phase is done based on the dissemination strategy defined in the 
review protocol. In disseminating the results, researchers have to consider the intended 
audience in order to communicate the results effectively.  
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According to Kitchenham's guideline [94] there are seven forms to disseminate the 
systematic reviews' results:  

i. Academic journals and conferences 
ii. Practitioner-oriented journals or magazines 

iii. Press releases to the popular and specialist press 
iv. Short summary leaflets 
v. Posters 

vi. Web pages 
vii. Direct communication to affected bodies  

The systematic review guideline explains that there are two stages in this phase:  

i. Formatting the main systematic review report 
According to [94] generally two formats can be used for reporting a systematic 
review. Those are a technical report or a section in PhD thesis, and journal or 
conference paper. 

ii. Evaluating the systematic review report 
In this stage, an evaluation of the report is conducted. In the form of a technical 
report, the report is rarely evaluated independently. However, evaluating the result of 
systematic review is a good practice in order to ensure validity and quality of the 
report. The evaluation could also take place after the report has been published. 
 

 
Figure 11: Stages in document the review phase (inspired by [94]) 
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6 SYSTEMATIC REVIEW DESIGN AND EXECUTION 
Assessing the outcomes of SPI is as important as their actual implementation. Without a 

clear picture of gains or losses, it is impossible to reason about the performance of an SPI 
initiative. Literature provides various examples of SPI performance assessment with varying 
methodologies. The aim of this study is to identify the different approaches and to put them 
in a systematic context. The main outcomes from this review are to find out the evaluation 
methods and metrics used to evaluate the success of SPI initiatives. Apart from that, it is also 
subject of interest to know the context of these evaluation methods, i.e. to see whether they 
are tailored to a specific SPI framework, to identify measurement perspectives based on the 
reported metrics and to elicit factors that can influence the accuracy of evaluation result.  

In this thesis, the followed systematic review steps (Figure 12) are mainly adapted from 
Kitchenham [94]. The steps of piloting the selection procedure and data extraction are added 
after considering the lessons learnt from [104].    

 
Figure 12: Systematic review phases and steps (adapted from [94]) 
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6.1 Planning the review 
6.1.1 Need of systematic review 

In order to decide if the systematic review shall be executed or not, a preliminary search 
on the topic was made. The search shall uncover the following aspects:  

i. Were systematic reviews regarding SPI already executed and to which extent? 
ii. Were literature reviews regarding SPI already executed and to which extent?  

To answer these questions, two databases, namely Compendex and Inspec, were 
searched. The search strings were applied on the field: Subject, Title and Abstract ("wn KY" 
in the search strings). The synonyms for "systematic review" used in the search string are 
listed in [105]. The results obtained were three papers with one of them identified as 
duplicate.  

Search strings used for systematic review on SPI:  
((SPI OR "Software process improvement") AND ("systematic review" OR "research review" 
OR "research synthesis" OR "research integration" OR "systematic overview" OR 
"systematic research synthesis" OR "integrative research review" OR "integrative review")) 
wn KY  

Due to the low response, a second search with the same search string was executed on 
Google. Clearly, the response was higher with 1730 results, but it contained much duplicates 
and irrelevant results. In total, 6 sources were found, of which none considered the research 
questions presented in Section 6.1.2.  

Search strings used for literature review on SPI:  
((SPI OR "Software process improvement") AND (review OR "literature review")) wn KY  

Next, a second search was executed in Compendex and Inspec with a new search string 
to uncover the literature reviews on SPI. The obtained result was 117 papers (with 20 
duplicates). By reading the title and the abstract of those papers, 31 were not in the field of 
Computer Science and 66 were not discussing reviews or literature reviews at all. The 
remaining 20 sources were investigated more deeply in order to assess exactly which topics 
and research questions are studied. However, none of those papers were found relevant to 
answer the research questions. The observation from these preliminary search results 
warranted the authors to carry out the systematic review. 

6.1.2 Defining research question 
The set of research questions for the systematic review is taken from the sub questions of 

the first research question in this thesis, “RQ1: How can the result of SPI initiatives be 
evaluated?”  

Table 7: Research questions for systematic review 

Research Question Aim 

RQ1.1: What types of evaluation methods are 
used to evaluate SPI initiatives? 

To identify which concrete evaluation methods 
are used and how they are applied in practice to 
assess SPI initiatives. 

RQ1.2: What evaluation methods are most 
frequently used in association with each of the 
identified SPI initiatives? 

To determine which evaluation method is most 
commonly used in the context of a certain SPI 
initiative and to determine if specific evaluation 
methods are targeted to a particular initiative. 
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RQ1.3: What measurement perspectives are 
used and to what extent are the measurement 
perspectives associated with the identified SPI 
initiatives? 

To determine from which measurement 
perspective SPI initiatives are evaluated, i.e. 
which measurable entities are taken into 
consideration in the assessment. Furthermore, to 
analyze any relationship between SPI initiatives 
and measurement perspectives. 

RQ1.4: What are the metrics reported for 
evaluating the SPI initiatives? 

To identify the metrics which are commonly 
collected and used to evaluate SPI initiatives. 

RQ1.5: To what degree are the evaluation 
methods and metrics from RQ1.1 and RQ1.4 
used in industry, i.e. reported empirical results 
of usage? 

To verify that the collected information is 
relevant in the context of industrial application, 
i.e. that the identified evaluation methods and 
metrics have been applied successfully in 
practice. 

RQ1.6: What are the confounding factors 
identified in relation to the evaluation of SPI 
initiatives presented? 

To identify which factors can distort and hence 
limit the validity of the results of the SPI 
evaluation. To determine if these issues are 
addressed and to identify possible remedies. 

6.1.3 Review protocol 
A review protocol is an essential element in systematic review as it documents the 

detailed steps that will be used to carry out a particular systematic review with the aim to 
reduce the possibility of researcher bias [94]. This section is dedicated to present the review 
protocol and the planned steps for the implementation of the review. 

6.1.3.1 Search strategies 

The search strategies are used to determine the primary studies that are to be included in 
this study. The search strategies consist of the resources that are used to search, the search 
strings and some general search guidelines. 

6.1.3.1.1 Resources 

Five reference databases are identified to perform the search in this review. The first two 
chosen databases are Inspec and Compendex. The main reason for selecting these two 
databases is that they both are comprehensive databases housing millions of publications, 
especially in the engineering and computer science field.  These two databases are accessed 
by using the Engineering Village interface, which is found to be user friendly and to provide 
advanced search features.   

The third database, SCOPUS, is chosen for the same reasons as the previous two 
databases. SCOPUS has a user-friendly search interface and provides additionally a powerful 
result exportation facility that is able to save also the copy of the full-text paper if available 
[106]. These reasons have further convinced the authors to add SCOPUS into the database 
list.  

In order not to miss any important publications in this review, two well-known publisher 
databases, namely IEEE Xplore and ACM Digital Library, are included into the reference 
databases list as well.      

6.1.3.1.2 Search strings 

The following search keywords (Table 8) are used in performing the search. These 
keywords resulted from several discussions and have gone through several fine-tuning 
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sessions. The search strings are applied on the Title/Abstract/Topic/Subject search fields, 
depending on the reference database that is used. 

Table 8: Search strings for systematic review 

SPI Keywords Operator Measurement Keywords 

“process improvement” OR   
“process enhancement” OR  
“process innovation” OR  
spi 

AND measur* OR metric* OR success* OR 
evaluat* OR assess* OR roi OR investment* 
OR value* OR cost* OR effect* OR goal* 
OR result* 

6.1.3.1.3 General search strategies 

Before starting to conduct the search, the review team (the authors of this thesis) had 
come out with some general search strategies to be followed.  

 
Figure 13: Flow chart of search strategies 

The flow chart of the search strategies is depicted in Figure 13 and they are described as 
follows:  

i. After determining the resources and initial keywords, trial searches are conducted 
using various combinations of search terms derived from the research questions.  
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ii. In order to assess the responses from the search, some papers are picked randomly 
from the obtained list of papers according to the search criteria. If the search result 
includes some papers that should be selected based on the selection criteria, then the 
search criteria and query string is good enough. Otherwise, the search criteria and 
the keywords are refined. 

Some papers that were already known to be relevant are used to check the inclusiveness 
of the search keywords. If almost all of the known primary studies are found in the search, 
the search string is good enough. Otherwise, continue to refine the search criteria and search 
strings. 

6.1.3.2 Study selection criteria 

The study selection criteria are based on the relevance of the paper after reading the title 
and the abstract. If some or a combination of the research questions are discussed in the 
paper, it is included in the selection. If after reading the title and abstract the decision can not 
be made to include the particular paper, the conclusion is read to determine its relevance. 

A main criterion for the inclusion as primary study is the presentation of empirical data 
showing how the discussed SPI initiative is assessed. Since the focus of this research is 
measurement and evaluation of SPI, general discussions on improvement approaches, 
comparisons of frameworks or models, and descriptions of practices or tools without 
empirical evaluation are not included in the primary studies. The selection is not restricted by 
any specific research method. Only studies written in English are considered. 

In the case that the reviewer is unable to make the decision on the selection after the 
above mentioned steps, he marks the paper as "Unsure". After everyone in the review team 
has finished going through the list of papers for selection, those papers which are marked as 
"Unsure" are brought forward to a review team discussion in order to judge the final 
inclusion or exclusion of those papers.   

6.1.3.3 Study selection procedure 

Two iterations of study selection procedure are conducted. In the first one the selection 
procedure is piloted to fine tune the steps described above, while in the second iteration the 
final selection procedure is applied. The piloting is done by each review members on the 
same pool of papers. Another important aim of the piloting is to ensure that all the review 
members have a homogeneous understanding of the scope and paper selection criteria. 

6.1.3.3.1 Pilot selection 

The following steps are performed during the piloting:  
i. 50 papers are picked randomly from the pool of extracted papers.  

ii. Each member comes out with his own selection of papers that is to be included and 
excluded from the 50 papers based on his understanding towards the scope of the 
study and the selection criteria.  

iii. After all the review members have completed their individual selection, the 
outcomes of the previous step are compared among the review members to 
determine the degree of homogeneous interpretation. The degree of homogeneous 
understanding is measured using the Fleiss' Kappa statistics for inter-rater agreement 
[107].  
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iv. If the outcomes from all members are similar in the sense that the majority of the 
papers being included and excluded are the same, the review team selection process 
is good enough to proceed with the actual review. Otherwise, go to step v.  

v. Members should discuss the different interpretations they have in scoping in and 
excluding the papers in their selection. Then, they should repeat the procedure by 
starting from step i, reducing the randomly selected papers by 50%. 

6.1.3.3.2 Actual selection 

After the review members have agreed that they have a common understanding in paper 
selection, the review team moves on to the actual selection. The list of papers extracted from 
the resources is divided equally among the review members. 

6.1.3.4 Study quality criteria 

Quality criteria are assessed during the full-text reading of primary studies but not during 
the selection procedure. The defined quality criteria are tabulated in a quality assessment 
checklist (Table 9). The quality criteria are rated according to a “Yes”, “No” or “Partially” 
scale. 

Table 9: Quality assessment checklist 

Criteria Yes / No / Partially 
1. Is the aim of the research sufficiently explained?  
2. Is the presented idea/approach/method clearly explained (or are 

there references to more in-depth discussions)? 
 

3. Are threats to validity taken into consideration?  
4. Is it clear in which context the research was carried out?  
5. Are the findings of the research clearly stated?  

6.1.3.5 Data extraction strategy 

The data extraction is piloted in a similar manner as the paper selection procedure 
explained in Section 6.1.3.3. After the understanding and interpretation of the research are 
streamlined between the review members, the actual full-text reading and data extraction is 
performed. Similar to the actual paper selection procedure, the list of primary studies 
identified is divided equally among the review members. The following data extraction 
forms are compiled: 

Table 10: Systematic review information 

Name Date 

Paper selector:  Selection date:  

Data extractor:  Extraction date:  
Data checker:  Check date:  

 
Table 11: Paper meta-data 

Item Value 
Title:   
Authors:  
Publication Date:  
Source:  
Database:  
Search String ID:  
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Table 12: Data extraction form 

Data Item Data Value Mapping to RQ 

 

 

Research method 

 Case study 
 Industry report 
 Conceptual analysis  
 Experiment 
 Survey (Interview, Questionnaires) 
 Action research 
 Other 

RQ1.5 

SPI initiative 

 Framework/Model: 
o CMM 
o SPICE 
o PSP 
o TSP 
o CMMI 
o IDEAL 
o BOOTSTRAP 
o QIP 
o TQM 
o PDCA 
o Six-Sigma 
o Other 

 Practices 
 Tools 

RQ1.1, RQ1.2, 
RQ1.4 

Measurement 
perspective 

 Project 
 Product 
 Organization 

RQ1.3 

Context 

Type  Industry 
 Non-industry 

RQ1.5 

Customer  Internal 
 External 

Product type 
 Software only 
 Combination of  software 

and hardware 
Domain Collected from papers 

Organization size 
 Small ( < 50 ) 
 Medium ( 50 – 249 ) 
 Large ( > 249 ) 

No. of projects Collected from papers 
Project size Collected from papers 

Evaluation method 

 Pre-post comparison 
 Actual-targeted comparison 
 Survey (Questionnaire/Interview) 
 Statistical  analysis 
 Cost-benefit analysis 
 Goal-question-metric (GQM) 
 Other 

RQ1.1, RQ1.2, 
RQ1.5 

Improvement goal(s) 

 Productivity 
 Defect count 
 Improved quality 
 Customer satisfaction 
 Time-to-market 
 Cost reduction 
 Return-on-investment (ROI) 
 Other 

RQ1.4 

 
 Quality: 

o Product Quality: 
 Functionality 
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Success indicator  Reliability 
 Usability 
 Efficiency 
 Maintainability 
 Portability 
 Reusability 

o Process Quality 
 Defects 
 Effort 
 Cost 
 Productivity 
 Estimation Accuracy: 

o Cost 
o Schedule 
o Size 
o Effort 
o Productivity 
o Quality 
o Other 

 Customer satisfaction 
 Return-on-investment (ROI) 
 Time-to-market 
 Other 

 

RQ1.4, RQ1.5 

Metric Collected from papers RQ1.4, RQ1.5 

Confounding factors Collected from papers RQ1.6 

Executive summary  Collected from papers N/A 

6.1.4 Review protocol evaluation 
Throughout the planning phase, the review protocol has been refined several times. The 

review team found that the review protocol needs continuous refinement in order to make 
sure that every step is precisely documented and focused. The components of the review 
protocol that involved the major refinements were the research questions, search keywords 
and the data extraction form.  

The initial review protocol was sent to the review team supervisor, Dr. Tony Gorschek, 
who forwarded it to an independent researcher for evaluation. Then, a meeting was 
scheduled with the supervisor to discuss the feedback to further improve the review protocol. 
The review team updated the review protocol accordingly and produced a second version of 
the review protocol. Aside from the evaluation, the review team performed their own 
verification on the review protocol through a series of piloting on the study selection and the 
data extraction. The details of the piloting will be presented in the coming sections. 
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6.2 Conducting the review 
6.2.1 Study selection piloting 

The review team performed a validation against already known primary studies and two 
study selection piloting sessions. The details and findings from these sessions are described 
in the following sections. 

6.2.1.1 Validation against known primary studies 

To validate that the search string is good enough to find the required primary studies, the 
search string result was validated against some pre-selected known relevant papers as it was 
designed in Figure 13. To identify the relevant papers, the journal "Software Process: 
Improvement and Practice" was selected. The title and abstract of the papers from this 
journal were read, including all issues from 1996 to 2008, in order to identify the papers 
which are deemed to be relevant for this systematic review. 

Thereafter, it was checked how many of the relevant papers the formulated search string 
is able to identify if the search is performed on the Inspec and Compendex reference 
databases. Table 13 summarizes the result of this investigation. 

According to the data of Table 13, the search string was able to identify 24 papers 
(around 77%) from the total 31 relevant papers whereas seven papers were not identified. It 
was revealed that, out of these seven unidentified papers, three papers were not retrieved 
because Inspec and Compendex do not index those years (1996, 1997) of the journal. 
Therefore, the search string could originally not identify four papers (around 12%) out of the 
total 31 papers. The result indicated that the coverage of the search string was not too bad. 

Table 13: Comparison of search string result against already known primary studies 

Journal – Software Process: 
Improvement and Practice Search String Results 

Year No. of relevant 
papers 

No. papers 
identified 

No. papers not indexed 
by Inspec / Compendex 

No. papers 
not captured 

2008 3 3 0 0 
2007 6 6 0 0 
2006 3 3 0 0 
2005 1 0 0 1 
2004 5 5 0 0 
2003 1 1 0 0 
2002 1 1 0 0 
2001 2 1 0 1 
2000 5 3 0 2 
1999 0 0 0 0 
1998 1 1 0 0 
1997 1 0 1 0 
1996 2 0 2 0 
Total 31 24 3 4 
 
In order to further improve the search string, the review team analyzed the four missing 

papers to identify the common keywords found in the abstract. One more keyword, 
“result*”, was found to appear in four of the papers and it was added to the search string. 
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The final search string after this modification is shown in Table 8. After the refinement of 
the search string, the search is able to catch all the known relevant papers identified in the 
"Software Process: Improvement and Practice" journal except those papers which were not 
indexed by the reference databases. 

This validation to check the coverage of the search string increases the level of 
confidence on the search string such that it can identify relevant primary studies effectively. 
After this validation has been done, the piloting process of some important components of 
review protocol was initiated, which will be discussed in the next sections. 

6.2.1.2 Initial piloting 

The initial piloting on the study selection was conducted to provide an initial verification 
of some important components in the review protocol, paying special attention to the 
research questions and also the study selection criteria and procedure. The Inspec and 
Compendex reference databases were selected for this piloting and a total of 50 random 
papers were extracted using the final search string. Each of the review members went 
through these papers individually and made their selection based on their interpretation on 
the scope and objective of this review. 

The number of selected papers by each member varied significantly among each other. 
After computing the Fleiss' Kappa value to measure the degree of common understanding 
among the members, a very low value of 0.182 was obtained, which indicated a bad 
agreement among the review members.  

After conducting a post-mortem session by the review members, it was concluded that 
the poor result was due to a too broad definition of the research scope, a poor description of 
the inclusion and exclusion criteria and a varying understanding of the research questions. 
The findings from the post-mortem directed the review team to refine the research questions 
and to define clearly and precisely the scope, and the inclusion and exclusion criteria for the 
systematic review.  

6.2.1.3 Second piloting 

A second piloting was conducted by taking into account lessons learnt from the initial 
piloting. This time, the SCOPUS reference database was chosen and the number of random 
papers picked was reduced to 30. In this second piloting, another category, "Unsure", was 
introduced to cater for those papers for which the reviewer is not sure about its inclusion. 
From the following analysis based on the number of selected papers by each member plus 
the papers that fall under the "Unsure" category, it was found that the agreement improved. 
The Fleiss' Kappa also showed a substantial agreement among the review members with a 
good value of 0.709. In this second piloting, the review members found that they were 
clearer of the research scope and this resulted in a more homogeneous selection on the 
papers. 

6.2.1.4 Data extraction piloting 

Aside from the study selection piloting, the review team performed a piloting session on 
the data extraction. During the piloting, 7 papers were chosen, where each member 
performed a full-text reading on those papers and tried to populate the data extraction form 
in order to test out the applicability of the form. After the session, the team worked on 
improving the data extraction form and the quality assessment checklist. 
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6.2.2 Primary study selection 
6.2.2.1 Extraction from digital resources 

The next step in the systematic review is to retrieve papers for the selection of primary 
studies. The review team retrieved a total of 10,817 papers from the resources mentioned in 
Section 6.1.3.1.1. The details of the retrieved papers are shown in Table 14. The papers were 
divided equally among the review members for individual primary study selection. The 
review team utilized a reference management tool (Zotero [108]) to handle resources such as 
bibliography generation, categorization of the papers, storage of downloaded full-text papers, 
sorting of papers in alphabetical order to identify duplicates, etc. 

Table 14: Statistics of the papers retrieved from digital resources 

Database Search String Results 

Inspec 

((measur* OR metric* OR success* OR evaluat* OR 
assess* OR roi OR investment* OR value* OR cost* OR 
effect* OR goal* OR result*) AND ("process 
improvement" OR "process enhancement" OR "process 
innovation" OR "spi")) wn KY   

4098 

Compendex 

((measur* OR metric* OR success* OR evaluat* OR 
assess* OR roi OR investment* OR value* OR cost* OR 
effect* OR goal* OR result*) AND ("process 
improvement" OR "process enhancement" OR "process 
innovation" OR "spi")) wn KY   

2360 

SCOPUS 

TITLE-ABS-KEY(measur* OR metric* OR success* OR 
evaluat* OR assess* OR roi OR investment* OR value* 
OR cost* OR effect* OR goal* OR result*) AND TITLE-
ABS-KEY("process improvement" OR "process 
enhancement" OR "process innovation" OR "spi")    

3406 

IEEE Xplore 

( ((measur* or metric* or success* or evaluat* or assess* 
or roi or investment* or value* or cost* or effect* or 
goal* or result*)<in>ab ) <and> (('process improvement' 
or 'process enhancement' or 'process innovation' or 
'spi')<in>ab ) )    

826 

ACM Digital Library 
(Abstract:"process improvement" or Abstract:"process 
enhancement" or Abstract:"process innovation" or 
Abstract:"spi" ) 

127 

Total 10,817 
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6.2.2.2 Papers selected for primary studies 
 

 

Figure 14: Primary studies selection 
 

From the retrieved 10,817 papers, duplicate papers, non-full text papers and non-English 
papers were discarded. After applying the inclusion/exclusion criteria, a total of 6321 papers 
were found not to be relevant and were further discarded. This diminished the pool of papers 
for full-text reading to 362 papers. In the final pool of primary studies, 148 papers remained 
after filtering out studies that were found to be irrelevant after assessing the full-text and 
those that report the same industry case studies. 
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6.2.3 Data extraction 
Based on the data extraction fields designed in Table 12, a data extraction template 

(Table 15) was created using a spreadsheet application and the data extraction on the 148 
identified primary studies was conducted by the review team. 

Table 15: Data extraction form template in spreadsheet 

Title:  
Paper Selector:  
Paper Extractor:  

Data Extraction Form Comments 

Research Method:    

SPI Initiative:    

Context: 
Type [Customer]  

[Product Type] [Domain] 
[Org Size] [No. Project] 

[Project Size] 
 

   
Measurement 
Perspective:    

Evaluation 
Method:   

Improvement 
Goal:    

Success Indicators: 

Indicators Metrics   

    

    
      

Confounding 
Factors of 
Measurement:  

Executive 
Summary:  

Quality Assessment Checklist Answer 
1. Is the aim of the research sufficiently explained?  
2. Is the presented idea/approach clearly explained (or are there references to more in-
depth discussions)?  
3. Are threats to validity taken into consideration?  
4. Is it clear in which context the research was carried out?  
5. Are the findings of the research clearly stated?  

6.2.4 Study quality assessment 
According to Kitchenham, the study quality assessment can be used to guide the 

interpretation of the synthesis findings and to determine the strength of the elaborated 
inferences [94].  During the data extraction process, the quality assessment checklist is rated 
according to a “Yes”, “No” or “Partially” scale. Table 16 shows the summary of the assessed 
quality of the selected primary studies. 
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Table 16: Summary of primary studies’ quality based on quality assessment checklist 

Quality Assessment Question 
Quality Rating 

Yes Partially No 
1. Is the aim of the research sufficiently explained? 138 10 0 
2. Is the presented idea/approach clearly explained (or 
are there references to more in-depth discussions)? 115 30 3 

3. Are threats to validity taken into consideration? 16 19 113 
4. Is it clear in which context the research was carried 
out? 73 54 21 

5. Are the findings of the research clearly stated? 117 30 1 

As it can be observed from Table 16, the majority of the selected primary studies 
demonstrate a good quality according to quality assessment Questions 1, 2, 4 and 5. A large 
number of papers (53 papers – Refer to Section 7.1.2.1) are actually industry reports which 
usually don’t address threats to validity. This explains why many papers were found not to 
discuss threats to validity (Question 3). For Question 4 about the context of research, a more 
detailed analysis is given in Section 7.1.3. 

6.2.5 Data synthesis 
Data synthesis is a crucial step in conducting the review, which involves the collection 

of data, analyzing and summarizing the results from the systematic review [94]. The raw 
data from the data extraction forms were grouped together and analyzed accordingly for each 
research question. The results from the data extraction fields were tabulated and charted to 
highlight the similarities and differences from the observed studies. Some data in certain data 
fields that share similar properties are grouped into homogeneous categories to reduce the 
diversity of the data. To proceed with some in-depth findings, more analyses were performed 
on some data fields to allow more elaborated and interesting synthesis findings. The next 
chapter (Chapter 7) is dedicated to present the details of the systematic review results 
focusing primarily on the elaborated data synthesis in answering each research question.   

6.3 Document the review 
The final step of the systematic review is documenting and disseminating the systematic 

review results. A major part of this thesis report is devoted to document the systematic 
review, starting from the planning stage up to executing the review. The conclusion of the 
systematic review is drawn and presented in the next chapter (Section 7.3). The discussion 
about the threats to validity can be found in Chapter 9. 
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7 SYSTEMATIC REVIEW RESULTS 
7.1 Characteristics of primary studies 

Referring to Section 6.2.2.2, a total of 148 publications were selected as primary studies. 
The following sections give a picture of some characteristics of the inspected studies. 

7.1.1 Publication year 
Figure 15 shows in which year the inspected studies were published. It can be seen that 

in the early 90's, there were not so much publications and the most probable reason for this is 
that SPI was a new research area at that time. 

 
Figure 15: The distribution of publications according to year 

7.1.2 Research method 
7.1.2.1 Results 

From the result, it was quite difficult to identify which research method was applied in a 
study. The goal was to have a clear and consistent picture of the published literature from the 
viewpoint of the used research methods. The first attempt of categorization was simple and 
straightforward: extract the mentioned research method without interpreting the content of 
the study. This lead to the following problems: 

i. The research method was not mentioned: this was often the case for the category 
“Industry report” (see definition b. below) 

ii. The mentioned research methods were inconsistent, i.e. one study fulfilled the 
understanding of a “Case study” (see definition a. below) while another did not. 

The following categories and criteria are defined for the research method: 

a. Case study 
Criteria: 
1. The study declares one or more research questions which are answered 

(completely or partially) by applying a case study. 
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2. The study empirically evaluates a theoretical concept by applying a case study 
(without explicitly stating research questions) 

b. Industry report 
Criteria: The focus of the study is directed towards reporting industrial experiences 
without stating a research question or theoretical concept which is then evaluated 
empirically. 
Usually these studies do not mention explicitly a research method. Therefore, instead 
of creating a category “N/A” (research method is not applicable), “Industry report” 
category was added to the categorization even though it is not a research method in 
the strict sense. 

c. Conceptual analysis 
Criteria: The study presents a theoretical concept without empirical evaluation. 

d. Experiment 
Criteria: The study conducts an experiment and clearly states its design. 

e. Survey 
Criteria: The study collects qualitative and/or quantitative data by means of a 
questionnaire or interview. 

f. Action research 
Criteria: The study states “Action research” as the research methodology. 

Figure 16 shows the distribution of the inspected studies according to the previously 
defined categorization. “Case study” (44%) and “Industry report” (36%) constitute the 
majority of the 148 considered papers for this systematic review. 

 

 
Figure 16: The research method distribution of the publications 
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7.1.2.2 Analysis and discussion 

Initially there were no distinction between “Case study” and “Industry report” (industry 
reports were grouped as case studies) but later on it was recognized that highlighting the 
nature of the study would be interesting. Therefore, the distinction between “Case study” and 
“Industry report” is introduced. An industry report is interpreted as knowledge transfer from 
industry to academia, while case studies can be seen as transfer of knowledge from academia 
to industry. 

The categories “Survey” (includes studies which collect qualitative and/or quantitative 
data by means of a questionnaire or interview) and “Action research” contain studies where 
the research methodology is unambiguously stated and described. The majority (91%) of the 
inspected studies have an empirical foundation, either directly by being an industrial report 
or indirectly by including a case study, survey or experiment. This is a direct consequence of 
the nature of the specified research questions. The incentive for conducting this systematic 
review was to identify empirical evidence of measurement and evaluation of SPI initiatives. 
Therefore, it is presumed that the collected information is able to answer the research 
questions adequately. 

7.1.3 Context 
7.1.3.1 Results 

The following figures show the context of the inspected studies from two perspectives. 
Figure 17 exposes the distribution of the studies in industry (84%) and non-industry (16%), 
i.e. academic or not explicitly stated settings. 

 

Figure 17: The industry vs. non-industry distribution of the publications 

Figure 18 shows the reported organization sizes from the studies conducted in an 
industry setting. Remarkable 50% of the studies do not provide this information. In those 
studies which reported the organization size, large (27%) predominate over medium or small 
organizations (10% each). The organization sizes are defined according to the European 
Recommendation 2003/361/EC [109]. 
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Table 17: Organization sizes (adapted from [109]) 

Organization size No. of employees 

Large 250 employees and above 

Medium 50 – 249 employees 

Small 49 employees and below 

 
 

 
Figure 18: The organization size distribution of the publications in industry settings 

7.1.3.2 Analysis and discussion 

The result shows that many publications (almost 50% of the 125 papers reported in 
industry context) did not report the size of the company. The fact that considerable research 
effort exists to explore how to introduce software process improvement into small and 
medium sized companies [110] [111], suggests that company size and the available resources 
should be taken into account when choosing and embarking an SPI initiative. Omitting that 
information therefore debilitates the judgment if such an initiative is feasible in a different 
setting.  

Many publications only provide the name of the company but they seldom provide its 
size in terms of the number of employees.  For well-known organizations, this could be 
because the authors consider this information as obvious. Another reason could be because 
the information is not of interest for the study and therefore, it is unimportant to report. 
Furthermore, authors of papers that fall into “Not Stated” category (as in Figure 18) may also 
want to keep the anonymity of the organization. 

It is possible to search for the company size especially if the company is well-known. 
However, there is a high possibility that the result does not represent the scope of SPI 
implementation because of two reasons. The first reason is that it is hard to verify the size of 
the company at the time when the study was carried out. Usually only the current or latest 
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size is found. The second reason is that even if the size of the company at that time is known, 
it does not imply that the scope of the SPI implementation is the entire company, i.e. even if 
the size of the company is known, there's a possibility that the SPI is implemented just in one 
department or business unit.  

As an example from the systematic review papers to illustrate this issue the case for “A 
practical view of software measurement and implementation experiences within Motorola” 
[112] is considered. The paper does not mention the size of the company. Since Motorola is 
a well-known company, it is possible to get the information about Motorola's size. On 
December 31st, 2008, it had 64000 employees [113]. However, it is difficult to point out the 
exact size of Motorola when the study was conducted. Even if the organizations’ exact size 
at the publication date of the study (1992) is known, it is still difficult to know the scope of 
SPI implementation since the paper does not specify the scope in which the SPI initiative 
was implemented. 

7.1.4 SPI initiatives 
7.1.4.1 Results 

SPI initiatives include all software engineering methods or activities which are intended 
to improve the performance of the software process (see Section 2.1.2).  The categorizations 
of the SPI initiatives are the following:  

i. Frameworks: this group contains frameworks/models like the CMM, international 
standards like ISO/IEC 15504 (SPICE) and business management strategies like Six 
Sigma. 

ii. Practices: software engineering practices which can be applied in one or more 
phases of the software development life-cycle (e.g. inspections, test-driven 
development, etc.). 

iii. Tools: software applications that support software engineering practices. 

 

Figure 19: The SPI initiatives distribution of the publications 
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Figure 19 shows the distribution of the identified SPI initiatives.  Reported combinations 
of SPI initiatives (e.g. a certain practice was applied in the context of a framework) are 
recorded explicitly. For some studies it was not possible to determine the SPI initiative (e.g. 
in conceptual analysis studies) and they were therefore categorized as “Not Stated”. The 
“Framework” category is predominant (61%), followed by “Practices” (20%) and “Tools” 
(6%). 

The frameworks are categorized into “well-known” SPI frameworks. Figure 20 shows 
their distribution. Note that this figure represents studies where a well-known framework 
was mentioned as standalone and also in combinations with other frameworks and 
derivations of well-known SPI frameworks. Table 18 gives a more detailed picture of the 
instances of derivations and combinations that have been encountered in this study. CMM 
(44%) is the most prominent framework, followed by Six Sigma and CMMI (11% each). 

 
Figure 20: Well-known SPI frameworks distribution of the publications 

The result reveals that around half of the studies discuss a standalone framework, while 
15% discuss the combination of two or more frameworks (e.g. CMM and Six Sigma). Figure 
21 shows that Six Sigma, CMMI, SPICE, TSP, QIP and BOOTSTRAP were found more 
often in combination with other SPI initiatives than as a standalone initiative.  

Table 18 shows a detailed listing of the combinations and derivations of SPI initiatives 
that have been encountered in this systematic review. The “2 or more Frameworks” category 
contains instances where a well-known framework is combined with either another well-
known framework, a framework which supports the elicitation of appropriate measures 
(GQM and AMI) for evaluating the initiative, or an ISO standard. 
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Figure 21: Standalone and combined well-known SPI frameworks distribution of the 
publications 

A framework is considered as derived framework if the authors state on which well-
known framework it is based on. These derived frameworks are often tailored to specific 
industry domains or organization sizes and are shown in category “Derived SPI framework”. 
Similarly, the category “Own SPI frameworks” contains frameworks which are adapted to a 
specific industry, but the authors didn't explicitly name the ancestor of the framework. The 
categories of “SPI Framework + Practices” and “SPI Framework + Tools” represent studies 
which embed the application of a practice or tool in the context of a well-known SPI 
framework. The category of “Limited frameworks” contains frameworks which are confined 
to a specific software life-cycle phase, e.g. requirements engineering or maintenance. 

Table 18: Complete list of frameworks (except standalone well-known frameworks) 

Framework 
Category 

List of Frameworks 
* {n} - n denotes the no. of instances (default value is 1) 

No. of 
Instances 

2 or More 
Frameworks 

1. BOOTSTRAP + GQM (PROFES) {3} 
2. CMMI + ISO 9001 + MPS.BR {2} 
3. CMMI + Six SIGMA 
4. CMM + GQM 
5. CMM + Six-Sigma 
6. CMM + RE maturity model 
7. CMM + AMI (Assess, analyze, metricate, improve) 
8. CMM + Raytheon's three-phase process-improvement paradigm 
9. CMM (SW-CMM) + Other (EVM and TSP) 
10. SPICE + IEC 61508 
11. SPICE + ISO 12207 
12. QIP + ISO 12207 
13. Six-Sigma + GQM 
14. TSP + GQM 
15. PSP + Own Model  [SW-CMM + Other (EVM and TSP)] 
16. CMMI + TSP + PSP 
17. ISO 9000 + CMM + CMMI + SPICE 
18. QIP + CMM + ISO 9001 

21 
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Derived SPI 
Framework 

1. TSPi (Derived from TSP) 
2. RAPID (Assessment model based on SPICE) 
3. Quality model for continuous improvement (Six Sigma  CMMI  

EFQM) 
4. Knowledge Based SPI (Derived from IDEAL) 
5. TCS-QMS (SW-CMM + People-CMM + Six Sigma) 
6. PQM (Platform for Quality Management - Derived from TQM) + AMM 

(Active Measurement Model)  
7. Unnamed-framework (Derived from CMM) 

7 

SPI Framework 
+ Practices 

1. CMM + Software development and maintenance methodologies 
(SDMMs) + Structural and Cultural Change 

2. CMM + Practice Quality Improvement 
3. CMM + Practices (Peer review, unit test planning, Development 

integration testing) 
4. CMM + Practice (measurement planning) 
5. CMMI + Practice (Gasoline System Product line development approach - 

GS approach) 
6. Six Sigma + XP 
7. SPICE (ISO/IEC TR 15504) + Practice (Development System Security 

Process) 

7 

SPI Framework 
+ Tool 1. PSP + TT (Tool) 1 

Own SPI 
Framework 

1. ASPE-MSC  (Approach for Software Process Establishment in Micro 
and Small Companies) 

2. P-SPI (Product Focused SPI) 
3. FMESP (Framework for the Modelling and Measurement of Software 

Processes) 
4. ASAP (Avaya Software Assessment Process) 
5. Unamed-framework {2} 

6 

Limited 
Framework 

1. REPEAT (Requirements Engineering ProcEss At Telelogic) 
2. MAUI (Measure, Alert, Understand and Improve) 
3. MTPF (Minimal Test Practice Framework) 
4. OMA (Observe-Mine-Adopt) 
5. Software Testing Metrics Framework 
6. GQM + Software process for a specific application domain 
7. Multiview Framework (Derived from GQM) 
8. Unamed- framework 

8 

 
7.1.4.2 Analysis and discussion 

The scope of this systematic review is to capture any kind of process improvement 
initiative. The holistic approach is captured by the “Framework” category while the 
initiatives targeted at a limited or specific area of software development are represented by 
the “Practices” and “Tools” categories. Adding up the latter categories (i.e. the categories 
“Practices”, “Tools” and “Practices + Tool” sum up to 42) shows that compared to 
frameworks (91 studies), they are underrepresented. This suggests that it is less common to 
measure and evaluate the impact of practices and tools in the context of software process 
improvement. 

It is of no surprise that CMM is the most reported framework since it was introduced 
almost 20 years ago. It can be seen here the influence of the Software Engineering Institute 
(SEI) which is also the sponsor of the CMMI, Team and Personal Software Process 
(TSP/PSP) and IDEAL. The CMM and its successor CMMI are also the predominant 
frameworks (12 out of 18) used in combination with another model (as shown in Table 18). 
SPICE (ISO/EC 15504) and BOOTSTRAP, software process improvement and assessment 
proposals originating in Europe, are rather underrepresented. Since the focus of the research 
questions is to elicit evaluation methods and measurements in SPI initiatives, the conclusion 
that SPICE is generally less commonly used in industry cannot be drawn from the picture; it 
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rather means that the evaluation methods and measurements used in SPICE are less 
frequently reported by the scientific literature. 

The same argument does not hold for the inductive approaches to software process 
improvement, Six Sigma, QIP and Total Quality Management (TQM), since their inherent 
nature is to measure the process and then to guide the improvement according to the 
evaluation. On the other hand, it can be seen from the “2 or More Frameworks” category in 
Table 18 that prescriptive approaches to process improvement, i.e. where the path for 
improvement is outlined by a set of best practices and goals, are often combined with 
inductive ones. This may imply that under certain circumstances, e.g. possessing a highly 
mature process, the mixture of both approaches can lead to a synergetic effect, in the sense 
that one approach complements the other. Four papers that exemplify these arguments are 
[114], [115], [116] and [117]. 
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7.2 Research questions 
Six research questions will be answered in the following sections (Section 7.2.1 – 

Section 7.2.6). Each of the research questions will have a “Results” section presenting the 
observations from the systematic review papers, an “Analysis and discussion” section giving 
an investigation based on the results obtained and a “Summary” section that briefly answers 
the research question. 

7.2.1 RQ1.1: What types of evaluation methods are used to evaluate 
SPI initiatives? 

Aim: To identify which concrete evaluation methods are used and how they are applied in 
practice to assess SPI initiatives. 

7.2.1.1 Results 

The focus of this systematic review is to find out those evaluation methods that are used 
for evaluating the outcome of SPI initiatives (from this point onwards when evaluation 
method is mentioned, it refers to this type of evaluation) and not the evaluation of SPI 
through formal appraisal (see Section 2.3.2).   

By inspecting the studies it was discovered that many publications do not mention the 
evaluation method explicitly. To solve this problem, a categorization of evaluation methods 
was established based on the common characteristics of the evaluation methods found in the 
papers. If the mentioned evaluation method in the paper falls under one of the defined 
categories, the evaluation method of the paper will be assigned under that category. In the 
case that a paper mentions a very specific evaluation method that doesn't fall under any of 
the categories, it is considered as a separate evaluation method. If the evaluation method 
cannot be identified, the publication will be put under the "Not Stated" category. 

In total, fifteen different methods (including the combinations of two evaluation 
methods) for evaluating the outcome of SPI initiatives were detected by the systematic 
review. Table 19 gives a brief description of these evaluation methods. Figure 22 depicts the 
distribution of the different categories of evaluation methods found in this study. A good 
percentage (39%) of the papers described “Pre-Post Comparison” as the evaluation method. 
“Statistical Analysis” (13%) and “Actual-Targeted Comparison” (12%) show almost the 
same number of occurrences. Other than these three evaluation methods, “Statistical Process 
Control (SPC)” (5%) and “Cost-Benefit Analysis” (3%) are two other common evaluation 
methods that have been reported. 
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Figure 22: Evaluation methods distribution of the publications 
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Table 19: Description of the evaluation methods 

No. Evaluation Method Description 
1 Pre-Post Comparison In this evaluation method, the outcome of SPI initiatives is 

evaluated by comparing the success indicators’ values before and 
after the SPI initiatives took place. Papers that exemplify pre-post 
comparison are [13], [118] and [119]. 

2 Statistical Analysis The outcome of SPI initiatives can also be evaluated by statistical 
analysis of the gathered data. Statistical analysis can be done by 
descriptive statistics (summarization of the data, numerically or 
graphically). Graphical summaries include various kinds of charts 
and graphs. Statistical analysis can also be done by inferential 
statistics by drawing inferences about the larger population 
through hypothesis testing, estimates of numerical characteristics 
(estimation), descriptions of association (correlation), or modeling 
of relationships (regression).  

3 Actual-Targeted 
Comparison 

With this method, the actual outcome of SPI initiatives is 
compared with a pre-determined baseline or a targeted value for 
the evaluation. Papers that can be used to exemplify this 
evaluation method are [120], [121] and [122]. 

4 Statistical Process 
Control (SPC) 

Statistical process control (SPC) is based on the principle that 
consistent process execution yields consistent measured 
performance in measures like productivity, error rate, and cycle 
time for example. Here, consistent is in the sense that the result 
may vary somewhat, although the variation will be minor. In SPC, 
the process is monitored through the use of control charts. If the 
control chart reveals that performance level differs substantially 
from the process capability, this indicates process has been 
changed some way. A significant change in the process capability 
suggests the need for investigating the reason for discrepancy and 
take corrective action if necessary [123]. The difference between 
“Statistical Analysis” and SPC is that SPC has pre-defined 
statistical method while “Statistical Analysis” does not have pre-
defined statistical method, i.e. “Statistical Analysis” is not bound 
to use specific statistical method. 

5 Survey (Questionnaire / 
Interview) 

Survey is found as an evaluation method for evaluating the 
outcome of SPI initiatives. Two types of survey are commonly 
used for this purpose; these are survey by questionnaire and 
survey by interview. By questionnaire or interview quantitative or 
qualitative data are collected to describe, understand, compare, 
evaluate and explain the matter under investigation.  

6 Pre-Post Comparison + 
Survey 

This is the combination of pre-post comparison and the survey 
method mention above. Those papers which mentioned both of 
these methods as its evaluation method fall into this category. 

7 Cost-Benefit Analysis One of the other evaluation methods for evaluating the outcome 
of SPI is cost-benefit analysis. Cost-benefit analysis considers the 
cost involved for SPI and the quantifiable benefits that is gained 
by SPI. Then analysis is done to see whether the benefits 
outweigh the initiatives’ cost or not. Sometimes intangible (non-
quantifiable) benefits are also considered and quantified using a 
measurement scale (e.g. Likert scale) according to the perceived 
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benefits of the stakeholders. 
8 Philip Crosby 

Associates’ Approach 
This method is based on differentiating the cost of doing it right 
the first time from the cost of rework and categorizes the cost 
associated with any process as performance, appraisal, rework 
(non-conformance) and prevention cost [124] [125]. 

9 Goal-Question-Metric 
(GQM) 

GQM is a systematic approach for integrating goals to models of 
the software processes, products and quality perspectives of 
interest based upon the specific needs of the project and the 
organization [80].  

In order to improve process measurement, goals have to be 
defined. Using GQM approach these goals can be refined into 
questions and consecutively into metrics which will supply all the 
necessary information for answering those questions.  GQM is 
widely used for making a measurement plan or to support the 
measurement in an objective way. In this study, we considered 
GQM as an evaluation method only when it is explicitly 
mentioned that besides making a measurement plan, GQM is also 
used for evaluating the outcome of an SPI initiative.  

10 Pre-Post Comparison +  
Cost-Benefit Analysis 

This is the combination of pre-post comparison and cost-benefit 
analysis method mentioned above. Those papers which mentioned 
both of these methods as its evaluation method fall into this 
category. 

11 Cost-Benefit Analysis + 
GQM 

This is the combination of cost-benefit analysis and GQM method 
mentioned above. Those papers which mentioned both of these 
methods as its evaluation method fall into this category. 

12 Cost-Benefit Analysis + 
Survey 

This is the combination of cost-benefit analysis and survey 
method mentioned above. Those papers which mentioned both of 
these methods as its evaluation method fall into this category. 

13 Statistical Analysis + 
Survey 

This is the combination of statistical analysis and survey method 
mention above. Those papers which mentioned both of these 
methods as its evaluation method fall into this category. 

14 Earned Value Earned Value Management (EVM) is a project management 
technique used to monitor project cost and schedule.  It integrates 
the project scope, schedule and cost into unified set of prescribed 
metrics based on mainly on three elements earned value, actual 
cost and planned value for the purpose of monitoring and 
forecasting project performance [126]. 

15 Software Productivity 
Analysis Method 
(SPAM) 

The SPAM method provides a way of defining productivity 
models and evaluation algorithms to calculate the productivity of 
all possible combinations of an observed phenomenon (e.g. 
process, project size, technology etc.) [127] [128].  

 
7.2.1.2 Analysis and discussion 

The most common evaluation method found is pre-post comparison. However, the 
validity of the pre-post comparison, in terms of whether the results are in causal relationship 
with the SPI initiative, is rarely discussed. The context before and after SPI initiatives and 
other influences (for example introduction of new technologies or adding an additional round 
of inspections) that might affect the outcome of SPI initiative in either a positive or a 
negative way need to be taken into consideration.   
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Most of the evaluation methods found in this study are not specifically standardized for 
evaluating the outcome of SPI initiatives. However, a few evaluation methods, for example 
Philip Crosby Associates’ Approach suggest explicitly what to evaluate. The majority of the 
evaluation methods found are very generic in nature and different organizations applied 
those methods for measuring different success indicators based on the organizational needs 
and contexts. For example, for measuring same attributes (e.g. productivity or quality) two 
organizations may use two completely different evaluation methods. 

The results of different evaluations can only be comparable if they are performed in a 
homogeneous way. For example, if the comparison of the performance (e.g. in terms of 
productivity) across organizations in a homogenous way needs to be conducted, the 
measures should be defined consistently and consider similar products in order to evaluate 
the performance. The SPI evaluation methods found in the study mostly present only the 
basic approach of performing the evaluation, but no details of how to perform the evaluation 
are provided. This indicates that there is a shortcoming in the used methods to evaluate the 
outcome of SPI initiative in a consistent and appropriate way. 

7.2.1.3 Summary 

The evaluation methods found were quite generic in the sense that they are not 
specifically standardized to evaluate the outcome of SPI. According to the categorization 
based on common characteristics, the commonly used evaluation methods reported were pre-
post comparison, statistical analysis and actual-targeted comparison. Other evaluation 
methods include SPC, cost-benefit analysis and survey. Since most of the reported 
evaluation methods only present a basic approach of performing the evaluation, i.e. applying 
pre-post comparison without consideration of confounding factors, an indication for further 
research in this area is given. 

7.2.2 RQ1.2: What evaluation methods are most frequently used in 
association with each of the identified SPI initiatives? 

Aim: To determine which evaluation method is most commonly used in the context of a 
certain SPI initiative and to determine if specific evaluation methods are targeted to a 
particular initiative. 

7.2.2.1 Results 

To answer this research question, all evaluation methods found in the study are mapped 
with the respective SPI initiatives mentioned in the papers and an investigation on whether 
there is any trend for using a specific evaluation method for any specific SPI initiative is 
conducted. Table 20 shows the mapping of evaluation methods with standalone well-known 
SPI frameworks. The columns contain the standalone well-known SPI frameworks, while the 
rows contain different evaluation methods. The number in the cells indicates how often an 
evaluation method is used for the respective frameworks. 

From Table 20, it is evident that “Pre-Post Comparison” is mostly used for the 
evaluation of the outcome of SPI initiatives. “Statistical Analysis” has been reported six 
times and “Statistical Process Control (SPC)”, “Actual-Targeted Comparison” and “Cost-
Benefit Analysis” have been reported three times each. Here, the papers which do not 
mention or name the used evaluation method or if it is not clear from the context which type 
of evaluation method is used, the evaluation method is considered as “Not Stated”. 
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Table 20: Mapping of evaluation methods with standalone well-known SPI frameworks 

NO SPI INITIATIVES CMM PSP Six Sigma CMMI SPICE TSP QIP TQM IDEAL PDCA TOTAL 
1 Pre-Post Comparison 11 5 1 1 1 1 - - 1 1 22 
2 Statistical Analysis 3 1 2 - - - - - - - 6 

3 Statistical Process Control 
(SPC) 1 - 1 1 - - - - - - 3 

4 Actual-Targeted Comparison - - - 1 - 1 1 - - - 3 

5 Pre-Post Comparison + Survey 2 - - - - - - - - - 2 

6 Cost-Benefit Analysis 2 - - - - - - - - - 2 

7 Philip Crosby Associates’ 
Approach 1 - - - - - - - - - 1 

8 Pre-Post Comparison +  
Cost-Benefit Analysis 1 - - - - - - - - - 1 

9 Not Stated 6 - - - 1 - - 1 - - 8 
  TOTAL 27 6 4 3 2 2 1 1 1 1 48 

 

Furthermore, the evaluation methods are mapped with different SPI initiatives (i.e. frameworks, practices and tools) to see the trend of the usage of 
evaluation methods for different SPI initiatives. Table 21 presents this mapping. The columns contain all the SPI frameworks (includes standalone, 
combination of 2 or more, derived, own and limited), practices, tools and combination of these SPI initiatives, while the rows contain different evaluation 
methods. The number in the cells indicates how often an evaluation method is used for the respective SPI initiatives. 

In Table 21, “Pre-Post Comparison” is still the most used evaluation method even when all SPI initiatives are considered (i.e. frameworks, practices and 
tools). “Statistical Analysis” and “Actual-Targeted Comparison” are two other mostly used evaluation methods. “Statistical Process Control (SPC)” and 
“Cost-Benefit Analysis” are also reported quite a number of times. 
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Table 21: Mapping of evaluation methods with different SPI initiatives 

NO SPI INITIATIVES 
Standalone 

SPI 
Framework 

2 or More 
SPI 

Frameworks 

Derived 
SPI 

Framework 

SPI 
Framework 
+ Practices 

Own SPI 
Framework 

Limited 
Framework 

SPI 
Framework 

+ Tool 
Practices Tool Practices 

+ Tool 
Not 

Stated TOTAL 

1 Pre-Post Comparison 22 9 3 5 1 2 - 11 3 2 - 58 

2 Statistical Analysis 6 1 1 1 - 1 - 6 - - 3 19 

3 Actual-Targeted Comparison 3 1 - - 1 4 - 4 4 1 - 18 

4 Statistical Process Control (SPC) 3 2 1 - - - - 1 - - - 7 

5 Pre-Post Comparison + Survey 2 - 1 - - - - 3 - - - 6 

6 Cost-Benefit Analysis 2 - - - 1 - - - - - 1 4 

7 Survey (Questionnaire / Interview) - 2 - - - - - - - - 1 3 

8 Philip Crosby Associates’ Approach 1 1 - - - - - - - - - 2 

9 Goal-Question-Metric (GQM) - - - - - - - 1 - - - 1 

10 Pre-Post Comparison +  
Cost-Benefit Analysis 1 - - - - - - - - - - 1 

11 Cost-Benefit Analysis + GQM - 1 - - - - - - - - - 1 

12 Cost-Benefit Analysis + Survey - 1 - - - - - - - - - 1 

13 Statistical Analysis + Survey - - - - 1 - - - - - - 1 

14 Earned Value - 1 - - - - - - - - - 1 

15 Software Productivity Analysis 
Method (SPAM) - - - - - - - - 1 - - 1 

16 Not Stated 8 3 1 1 2 1 1 3 1 1 2 24 

  TOTAL 48 22 7 7 6 8 1 29 9 4 7 148 
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7.2.2.2 Analysis and discussion 

It is quite obvious from the results given in the above section that pre-post comparison is 
the most used evaluation method. Some other trends in the evaluation methods are also 
identified. For example, Six Sigma initiative is found more often to use statistical-based 
(Statistical analysis and statistical process control) evaluation. This is due to the fact that Six 
Sigma recommends statistical measurement itself. As statistical-based evaluation methods 
are mostly used for Six Sigma when it is used as standalone SPI initiative, it might be 
interesting to investigate whether this holds even if Six Sigma is combined with other SPI 
initiatives. Table 22 shows the result of this investigation. 

Table 22: Evaluation Method for Six Sigma 

Category of Six Sigma 
Evaluation Method 

Pre-Post 
Comparison 

Statistical 
Analysis 

Statistical Process 
Control (SPC) 

Not 
Stated 

Standalone Six Sigma 1 2  1   
Six Sigma combined with other 
SPI initiatives 1 1  3 1 

Total 2  3  4  1  
Percentage 20% 30% 40% 10% 

In Table 22, it is clear that even when Six-Sigma is combined with other SPI initiatives, 
statistical-based evaluation methods are mostly used (70 % of the total reported Six-Sigma 
related publications) for evaluating the SPI outcome.  

Another interesting observation is on the SPC evaluation method. The fact that six 
instances (out of seven) are found using SPC when the SPI initiative is a framework suggests 
that this evaluation method is more suitable for monitoring a wider scope of process 
improvements (as compared to practices and tools).   

PSP and TSP are based on continuous measuring of personal performance and 
identification of change in personal performance and this can be easily evaluated using pre-
post comparison. Possibly, that is why almost all the papers (six out of eight) which have 
PSP or TSP as the SPI initiative used pre-post comparison as the evaluation method. 

7.2.2.3 Summary 

Consistent with the findings from RQ1.1, pre-post comparison, statistical analysis and 
actual-target comparison are the three most frequently used evaluation method to evaluate 
the outcome of SPI initiative. The analysis of mapping the SPI initiatives with their 
respective evaluation methods mentioned in the papers yields few interesting findings. First, 
improvements that involve Six Sigma mostly use statistical-based evaluations. Since in 
Section 2.4.2 various techniques to compensate for confounding factors using statistical 
analysis were identified, they could be efficiently applied in such contexts in order to 
increase the validity of the evaluation results. Second, SPC is more commonly used in 
association with an SPI framework. This indicates that the effort for implementing SPC 
techniques is considered as too high for the evaluation of rather short-termed initiatives as 
they are found in the implementation of certain practices or application of tools. And third, 
PSP and TSP usually use pre-post comparison as the evaluation method to assess the 
outcome of SPI initiative. 
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7.2.3 RQ1.3: What measurement perspectives are used and to what 
extent are the measurement perspectives associated with 
identified SPI initiatives? 

Aim: To determine from which measurement perspective SPI initiatives are evaluated, i.e. 
which measurable entities are taken into consideration in the assessment. Furthermore, also 
try to analyze any relationship between SPI initiatives and measurement perspectives. 

7.2.3.1 Results 

In this systematic review, the measurement perspective is defined as the perspective 
from which the improvement is being measured. The information about the measurement 
perspective is interpreted from the identified metrics and from the attributes they are 
supposed to measure. Three types of measurement perspectives are defined: 

i. Project perspective 
In this perspective the measurement is conducted during the projects where the SPI 
initiatives take place. Examples of metrics that are used to measure from this 
perspective are productivity during development phase, defect rates per development 
phase, etc. One of the paper, [129], can be used to exemplify this perspective since 
the metrics mentioned in the paper are intended to measure attributes of the project, 
process quality and estimation accuracy of cost. 

ii. Product perspective 
In this perspective the evaluation of the SPI initiatives' impact is conducted by 
measuring the effect on the delivered products. An example of a metric that is used 
to measure from this perspective is the number of customer complaints after product 
release. To exemplify this perspective's definition, one of the papers, [130], can be 
used. In the paper it is mentioned that measurement on time-to-market, customer 
satisfaction, stakeholder satisfaction on a certain product and return on investment of 
a particular product. These attributes belongs to product. 

iii. Organization perspective 
In this perspective, the evaluation of SPI initiatives' impact is conducted 
organization-wide. An example of a metric that is used to measure from this 
perspective is return on investment. Other qualitative measurements such as 
employee satisfaction and improved business opportunities are also measured from 
this perspective. An example of a paper that uses this perspective is in a paper [14]. 
The paper mentioned that they measure quality of work condition, organization 
communication, learning and efficiencies, ability to attract, retain and develop 
software professionals. All of those are attributes of the organization. 

These three types of evaluation perspectives can be combined according to the facts that 
are found in the publications as it is possible that in one publication the evaluation is based 
on measuring from more than one perspective, e.g. “Project + Product” or “Product + 
Organization”. 

Figure 23 gives an illustration on the percentage of measurement perspectives identified 
from this study. From the figure, It is clear that “Project” perspective is used most to 
measure the impact of SPI initiatives (67 % or 99 papers). The second most measurement 
perspective is “Project + Product” (20 % or 29 papers). By looking at the percentages, it is 
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clear that most of the papers conducted measurement in project and product perspectives in 
order to gauge the impact of SPI initiatives. 

 
Figure 23: Measurement perspective distribution of the publications 

Figure 24 shows the distribution of measurement perspective for different standalone 
well-known SPI frameworks.  From the figure, it is clear that organizational measurement 
perspective is absent in the evaluation of SPI initiatives for all standalone well-known 
framework except CMM. For CMM-based software process improvement all measurement 
perspectives (project, product and organization) have been reported for the evaluation of SPI. 
Besides CMM, most of the other standalone well-known SPI initiatives (except TQM) also 
considered the project perspective and few others (Six Sigma, CMMI, TSP, TQM) 
considered both project and product perspective. However, from the figure, except for 
CMM, all other standalone well-known frameworks have been reported very few times in 
this study. Therefore, it might be interesting to see when these frameworks are combined 
with other frameworks whether any specific framework influences the measurement 
perspective. The findings of this investigation will be presented in the analysis part of this 
section.  

Having data about SPI initiatives and measurement perspectives, a mapping between 
these two can be made. This mapping shows information about which measurement 
perspectives are used to evaluate SPI initiatives. Table 23 shows the mapping between SPI 
initiatives and measurement perspectives. The columns contain the measurement 
perspectives, while the rows contain different SPI initiatives. The number in the cells 
indicates how often a specific measurement perspective for the different SPI initiatives was 
reported. 
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Figure 24: Measurement perspective distribution for standalone well-known SPI frameworks 

As shown in Table 23, SPI initiatives in the “Tools” and “Practices + Tools” categories do not consider the organization perspective in the measurement. 
The reason is that tools and practices are mostly applied on project or product levels and not on the organization level. For the “Practice” category, the most 
prominent measurement perspective is the project perspective. The reason is that these initiatives are mostly addressing the project level. By observing Table 
23, it is clear that most of the measurements for SPI frameworks measurements are conducted in project level. This fact shows a discrepancy as the aim of 
using an SPI framework for process improvement is mostly to improve organization-wide. However, from the observation of this study, the organization 
measurements are the least reported ones. 
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Table 23: Mapping of SPI initiatives with different measurement perspectives 

NO SPI INITIATIVES Project Product Organization Project + 
Product 

Project + 
Organization 

Product + 
Organization 

Project + Product 
+ Organization TOTAL 

1 Standalone SPI Frameworks 30 - 1 12 2 - 3 48 
  CMM 15 - 1 7 1 - 3 27 
  Six-SIGMA 2 - - 2 - - - 4 
  PSP 5 - - - 1 - - 6 
  SPICE / ISO 15504 2 - - - - - - 2 
  CMMI 2 - - 1 - - - 3 
  QIP 1 - - - - - - 1 
  TSP 1 - - 1 - - - 2 
  TQM - - - 1 - - - 1 
  IDEAL 1 - - - - - - 1 
  PDCA 1 - - - - - - 1 

2 Combination of 2 or More SPI 
Frameworks 11 - 2 5 2 - 2 22 

3 Derived SPI Framework 6 - - - - - 1 7 
4 SPI Framework + Practices 5 - - 2 - - - 7 
5 Own SPI Framework 4 - - 2 - - - 6 
6 Limited Framework 6 - - 1 - 1 - 8 
7 SPI Framework + Tool - - - 1 - - - 1 
8 Practices 21 - 1 5 1 - 1 29 
9 Tool 7 1 - 1 - - - 9 

10 Practices + Tools 4 - - - - - - 4 
11 Not Stated 5 - 1 - - - 1 7 
  TOTAL 99 1 5 29 5 1 8 148 
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7.2.3.2 Analysis and discussion 

A considerable percentage (67%) of the total papers in this study reported only 
measurements for the project perspective. This indicates that the measurement perspective to 
evaluate the SPI initiatives’ outcome is strongly biased towards the project perspective. The 
dominance of project perspective and the very low number of the organization perspective 
can indicate a potential problem to communicate the evaluation results of the SPI initiatives 
to all the organization's stakeholders, assuming that they have different information needs. 
Another finding is that whenever the product perspective is considered, it is often 
accompanied by the project perspective. This is may be due to the fact that product success is 
dependent on success of projects; therefore, it is considered important to measure both 
project and product. Another reason is because measuring project is easier as potentially less 
confounding factors are involved. 

Using only (mostly) project perspective can raise a problem. The problem is in the 
difficulty to span the evaluation over several projects, thus not only focusing on attaining 
goals of a particular project. The long-term impact from the initiative may be missed. For 
example: the ability to add features can be worsened by one project through the degradation 
of the architecture of the whole product. The improvement initiative gave better performance 
to the project (e.g. shortened cycle time) but it also degraded the architecture. A follow-up 
project pays the price since the new features cannot be integrated easily and the 
improvements in cycle time may be lost. 

SPI initiatives that involve Six Sigma are more or less balanced in terms of “Project” 
perspective and “Project + Product” perspective. To further investigate this matter 
publications where Six Sigma is reported (in combination with other SPI initiatives and 
standalone) are observed. The finding of this investigation is described in Table 24. Most of 
the papers which mentioned Six Sigma as SPI initiative, their evaluation are based on either 
the “Project” or “Project + Product” measurement perspective. This may be due to the fact 
that Six Sigma gives emphasis on product quality. It is also observed that organizational 
perspective is missing for the SPI initiatives based on Six Sigma, except one paper [131] 
which is in fact a conceptual analysis and it is not empirically validated. 

Table 24: Measurement perspective for Six Sigma 

Category of Six Sigma SPI initiatives 

Measurement Perspective 

Project 
Project + 
Product 

Project +  
Product + 

Organization 
Standalone Six Sigma 2 2   

Six Sigma combined with other SPI initiative 3* 2 1* 

Note (*): There are 2 conceptual analysis papers found; 1 paper in “Project” and 1 paper in  
               “Project + Product + Organization” 

An interesting finding is that SPI initiatives which involve PSP are mostly evaluated on 
the “Project” perspective. This may be due the fact that PSP is based on continuous 
measuring of the personal performance at the project level.  
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Table 25: Measurement perspective for Six Sigma, SPICE, TSP and PSP (in combined frameworks) 

Combined Frameworks  
(Only well-known frameworks which has more than 2 combined occurrences) Measurement Perspective CMM/CMMI 

Involved 

  Six Sigma with other SPI initiatives   
CMMI + Six SIGMA Project Yes 
CMM + Six Sigma Project + Product Yes 
Six Sigma + GQM Project + Product No 
Quality model for continuous improvement (Six Sigma  CMMI  EFQM) Project + Product + Organization Yes 
TCS-QMS (SW-CMM + People-CMM + Six Sigma) Project Yes 
Six Sigma + XP Project No 

  SPICE with other SPI initiatives   
SPICE + IEC 61508 Project No 
SPICE + ISO 12207 Project + Product No 
ISO 9000 + CMM + CMMI + SPICE Project + Product + Organization Yes 
RAPID (Assessment model based on SPICE) Project No 
SPICE (ISO/IEC TR 15504) + Practice (Development System Security Process) Project   

  TSP with other SPI initiatives   
CMM (SW-CMM) + Other (EVM and TSP)  Project Yes 
TSP + GQM  Project No 
PSP + Own Model  [SW-CMM + Other (EVM and TSP)] Project Yes 
CMMI + TSP + PSP Project + Product + Organization Yes 
TSPi (Derived from TSP) Project No 

  PSP with other SPI initiatives   
PSP + Own Model  [SW-CMM + Other (EVM and TSP)] Project Yes 
CMMI + TSP + PSP Project + Product + Organization Yes 
PSP + Tool (TT) Project + Product No 
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Now the measurement perspectives which were used in evaluating the combined SPI 
initiatives are discussed in details. Table 25 shows the measurement perspective for well-
known frameworks (Six Sigma, SPICE, TSP and PSP) when they are combined with other 
SPI initiatives. In the first column the different combinations of SPI initiatives are presented, 
the second column states the measurement perspective and the third column states whether 
CMM/CMMI is involved in the combination of the SPI initiatives. The objective was to find 
out whether any specific framework has an influence on the measurement perspective. 
Interestingly, most of the time, when CMMI is present in the combination of the SPI 
initiative, the respective measurement perspective also includes the organizational 
perspective. This finding is highlighted in Table 25. This suggests that if the CMMI 
framework is involved in the SPI initiative, emphasis is put on the organizational 
measurement perspective when evaluating the improvement. 

7.2.3.3 Summary 

Three perspectives from which the improvements are being measured are determined by 
interpreting the identified metrics along with the attributes they measure: project, product 
and organization. The measurement perspective was found to be strongly biased towards the 
project perspective in the majority of the publications and only a low number of them 
involve the organization perspective. This indicates, in terms of the visibility, that the effects 
of the improvement are assessed, evaluated and reported only by measures originating from 
the project level.  

This can lead to a twofold issue: first, the measurement and therefore the evaluation are 
constrained to a subset of entities on which the improvement has an impact; the product and 
the organization are not counted in and the full effect (either positively or negatively) of the 
improvement is not visible. Second, it is assumed that different stakeholders have diversified 
information needs. Concretely this means that for a project manager the evaluation of the 
project level measures may be appropriate while for top-level management, the assessment 
of individual projects may be less important than to see the effect of the improvement on the 
product or on the organization.  

Interestingly, the product perspective was often found to be accompanied with the 
project perspective. Aside from that, Six Sigma was found to give emphasis on product 
perspective whereas PSP mostly focused on project perspective. Another interesting finding 
is that when CMMI is used in combination with other SPI initiatives, the measurement 
perspective mostly includes also the organization perspective. 
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7.2.4 RQ1.4: What are the metrics reported for evaluating the SPI 
initiatives? 

Aim: To identify the metrics which are commonly collected and used to evaluate SPI 
initiatives. 

7.2.4.1 Results 

From the studies the metrics which were used to measure the software process 
improvement are extracted. In order to get an overview of what is actually measured, the 
metrics are categorized according to the classification of “success indicators”. The 
classification scheme was not defined a-priori but it emerged and evolved during the data 
extraction (it was stabilized after a piloting phase and then used without further modification 
in order to maintain consistency).  

The term “success indicator” is used in order to highlight the improvement context in 
which the measurement takes place. Therefore, a “success indicator” is an attribute of an 
entity (e.g. process, product, organization) which can be used to evaluate the improvement of 
that entity. The categories of success indicator can be seen in Table 26. The identified 
metrics are categorized as in the following example: 

• The metric “Number of defects found in peer reviews” is mapped to the “Process 
quality” category because it describes the effectiveness of the peer review process.  

• The metric “Number of defects identified after shipment / KLOC” is mapped to the 
“Product quality” category because the object of study is the product itself and not 
the processes from which the product originates. 

Table 26: Success indicators descriptions 

NO SUCCESS 
INDICATORS DESCRIPTION EXAMPLES 

OF PAPERS 

1 Process Quality 

The quality that indicates process performance 
and is not related to the product. The metrics for 
this success indicator are dependent on the type 
of process they measure. 

[13] [132] [133] 

2 Product Quality 

The quality of the product based on the six 
attributes from ISO 9126 (functionality, 
reliability, usability, efficiency, maintainability, 
portability). 

[120] [137] [138] 

3 Defects 
This success indicator is to group metrics that are 
solely intended to measure the defects without 
relating them to quality. 

[142] [143] [144] 

4 Estimation Accuracy 

The deviation between the actual and planned 
values of other attributes measurements. 
Examples of attributes commonly estimated are 
schedule, effort, size and productivity. 

[13] [119] [134] 

5 Productivity 
The performance of the development team in 
terms of its efficiency in delivering the required 
output. 

[112] [135] [136] 
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6 Effort The effort of the development team in developing 
the product. [139] [140] [141] 

7 Cost The cost in terms of the resources that is required 
in developing the product (monetary expenses). [16] [145] [146]  

8 Time-to-Market The time that it takes to deliver a product to the 
market from its conception time. [147] [148] [149] 

9 Return-on-Investment 
(ROI) 

The value quantified by considering the benefit 
and cost of software process improvement. [114] [150] [151]  

10 Customer Satisfaction  

The level of customer expectation fulfillment by 
the organization's product and service. Customer 
satisfaction measurement is divided into two 
types, qualitative and quantitative. 

[112] [152] [153] 

11 Others 

This success indicator is to group metrics that 
measure context-specific attributes which are not 
part of any of the above success indicators (e.g. 
employee satisfaction, communication and etc) 

[143] [154] [155] 

 

The categorization of the metric is dependent on the context of the study. The usage of 
the metric is interpreted by understanding which attribute is actually measured. In some 
cases this was not possible due to missing information in the description of the metric. For 
example the “Defects” category contains those defect metrics for which the given 
information could not be used to justify a classification into one of the quality categories. 

 
Figure 25: Success indicators distribution of the publications 

Figure 25 shows the categorization of success indicators and how often they were 
represented in terms of metrics in the inspected studies. “Process Quality” (61 papers) was 
the most observed success indicator, followed by “Estimation Accuracy” (56 papers), 
“Productivity” (52 papers) and “Product Quality” (47 papers). Qualitative and quantitative 
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“Customer satisfaction” success indicators are differentiated. The former is largely assessed 
by questionnaires, while for the latter, objective measures (e.g. New open problems = total 
new post-release problems opened during the month) can be identified. The “Others” 
category contains success indicators such as “Team morale”, “Employee motivation” or 
“Innovation” which were explicitly mentioned in the studies as indicators for improvement 
but could not be mapped directly into the classification. 

 
Figure 26: Product quality’s success indicators distribution of the publications 

Figure 26 shows the categorization of product quality which is based on the ISO 9126-1 
standard. Two points have to be noted: 

• “Reusability” is added into the product quality characterization.  
• When a metric cannot be mapped to a specific product quality characteristic due to 

missing information in the inspected study, it was mapped to the “Product Quality” 
category without specifying the exact characteristic.   

“Reliability” (nine papers) was the most observed success indicator for the product 
quality characteristics, followed by “Maintainability” and “Reusability” (six papers each). 

 
Figure 27: Estimation accuracy’s success indicators distribution of the publications 

Figure 27 shows the categorization of estimation accuracy indicators. The “Others” 
category contains again estimation accuracy metrics which could not be mapped to the 



  74 

specific categories. “Schedule” (37 papers) is by far the most observed success indicator for 
estimation accuracy. On the other hand, assuming that “Cost” can be expressed in terms of 
“Effort” and vice versa, combining them shows that their number of observations (35 papers) 
is comparable to that one of “Schedule”. “Size” (ten papers), “Productivity” and “Quality” 
(two papers each) fall behind. 

 
Figure 28: Success indicators and no. of metrics instances distribution of the publications 

In order to indicate how strong a success indicator is represented, Figure 28 shows the 
number of metrics instances per indicator category. Note that the metrics instances number is 
the individual count of a metric; metrics are not grouped semantically. Table 27, which 
shows the ratio of metric instances over the number of papers in which those instances were 
observed, indicates that the success indicators “Customer Satisfaction (Quantitative)”, 
“Process Quality” and “Product Quality” are supported by more metric instances (Ratio > 2) 
than the other success indicators. The ratio for “Customer Satisfaction (Quantitative)” turns 
out to be high due to one paper which mentions eight different metrics [156]. On the other 
hand, “Cost”, “Time-to-Market” and “Return-on-Investment” show a lower ratio (Ratio < 1). 
The ratio value below one indicates that in some cases, these success indicators are reported 
without any metrics. 

Table 27: Degree of metrics instances for each success indicator 

No Success Indicators Ratio = #Metrics Instances / # Papers 
1 Customer Satisfaction (Quantitative) 2.71 
2 Process Quality 2.23 
3 Product Quality 2.19 
4 Effort 1.73 
5 Defects 1.63 
6 Productivity 1.58 
7 Estimation Accuracy 1.55 
8 Cost 0.96 
9 Time-to-Market 0.96 
10 Return-on-Investment (ROI) 0.91 
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Table 28 lists the success indicators with the some examples of their corresponding 
metrics. The complete list of success indicators and metrics can be found in “Appendix B: 
List of Success Indicators and Metrics”. 

Table 28: Common metrics (grouped by success indicators) reported in the publications 

NO SUCCESS INDICATORS COMMON METRICS 

1 Process Quality 

1. Defect removal efficiency, DRE = E/(E+D)  
   - E is the number of errors found before delivery 
   - D is the number of errors found after delivery 

2. Defect density, DD = No. defects / size 
   - No. defects according to development phases 
   - Size in lines-of-codes (LOC), function point (FP), etc 

3. Rework efficiency = No. of defect / defect fixing effort 

2 Product Quality 
1. No. of reported failures in operation 
2. Mean time to failure (MTTF) 
3. Post-release fault density = No. of faults / size 

3 Defects 

1.  Defect density, DD = No. defects / size 
   - No. defects according to development phase 
   - Size in LOC, FP, etc 

2. Yield (% of defects found and fixed before compilation    
and testing) 

3. Fault-slip through (FST) = Total no. of faults in late 
verification / total no. of faults in the project 

4 Estimation Accuracy 

1. Schedule variance = (Actual duration- planned duration) / 
planned duration 

2. Schedule performance index (SPI) = Earned value /  
planned value 

3. Effort variance = (Actual effort - planned effort) / planned  
effort 

4. Cost performance index (CPI) = Earned value / actual cost 

5 Productivity 

1. Size / effort 
  - Size in LOC, FP, etc 
  - Effort in person-month, person-hour, hour, etc 

2. Effort / size 
  - Effort in person-month, person-hour, hour, etc 
  - Size in LOC, FP, etc 

6 Effort 1. Person-month, person-hour, staff-hour, etc 
2. Rework effort in person-hour, staff-hour, etc 

7 Cost 

1. Cost / size 
  - Size in LOC, FP, etc 

2. Cost of rework 
3. Effort * cost per staff-hour  

8 Time-to-Market 1. Project cycle time (days, months, etc) 
2. Time to deliver (days, months, etc) 

9 Return-on-Investment (ROI) 1. Cost benefits ratio = Benefit / cost 
2. ROI = Profit / investment 

10 Customer Satisfaction  1. No. of customer complaints 
2. No. of customer reported defects 
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Table 29: Mapping of SPI initiatives with different success indicators 

NO SPI INITIATIVES Process 
Quality 

Product 
Quality Defects Estimation 

Accuracy Productivity Effort Cost 
Time-

to-
Market 

ROI 
Customer 

Satisfaction 
(Qualitative) 

Customer 
Satisfaction 

(Quantitative) 
Others TOTAL 

1 Standalone  SPI Framework 17 18 13 25 22 14 9 10 5 7 5 9 154 

  CMM 8 7 8 13 14 10 6 9 4 5 4 6 94 

  Six-SIGMA 2 2 2 - - - - - - - - 1 7 

  PSP 3 3 1 4 2 1 2 - 1 - - - 17 

  SPICE / ISO 15504 - - - 2 2 1 - - - 1 1 1 8 
  CMMI 1 2 1 2 2 1 - - - - - - 9 
  QIP 1 1 - 1 - 1 1 - - - - - 5 

  TSP 1 1 1 2 - - - - - - - - 5 
  TQM - 1 - 1 1 - - 1 - 1 - 1 6 
  IDEAL - 1 - - 1 - - - - - - - 2 
  PDCA 1 - - - - - - - - - - - 1 

2 Combination of 2 or More SPI 
Frameworks 11 4 5 12 8 4 5 4 6 5 2 4 70 

3 Derived SPI Framework 5 2 2 2 2 2 1 1 1 2 - 1 21 

4 SPI Framework + Practices 1 3 3 1 4 - 2 2 - - -   16 

5 Own SPI Framework 4 2 - 2 1 3 2 1 - 1 - 4 20 

6 Limited Framework 3 4 2 2 - 3 1 2 1 1 - 3 22 

7 SPI Framework + Tool 1 - 1 1 - 1 - - - - - 1 5 

8 Practices 12 8 8 8 12 7 5 4 5 2 - 4 75 

9 Tools 3 1 - 1 2 3 1 3 2 1 - 2 19 

10 Practices + Tools 1 3 - 1 - 3 - - 1 - - 1 10 

11 Not Stated 3 2 1 1 1 1 1 - 1 1 - 1 13 

  TOTAL 61 47 35 56 52 41 27 27 22 20 7 30 425 
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Finally, in Table 29, the success indicators which were identified for each SPI initiative 
are shown. The columns contain the success indicators, while the rows contain the different 
SPI initiatives. The number in the cells indicates how often a success indicator is identified 
in the context of the respective SPI initiative. Note that the table as it is presented doesn't 
weight the number of success indicators with the number of studies. Therefore the number 
cannot be compared vertically (e.g. comparing “Product Quality” in “Standalone SPI 
Frameworks” with that in “Derived SPI Framework”). The indicators can be compared 
horizontally, e.g. in the case of Six-Sigma it can be seen that the focus of measurement is on 
quality.  

All the results presented here will be discussed more in depth in the next section. 

7.2.4.2 Analysis and discussion 

The main incentive behind the embarkment of an SPI initiative is to increase quality and 
to decrease cost and time-to-market [157]. In order to evaluate the success of such an 
initiative, it is therefore crucial to assess the improvements' effects. Figure 25 shows the 
success indicators which were identified in this systematic review. Mapping the before 
mentioned improvement goals to the success indicators leads to the following ranking: 

• Quality (“Process Quality” + “Product Quality”) was found in 94 studies 
• Cost (“Effort” + “Cost”) was found in 61 studies 
• Schedule (“Time-to-market”) was found in 27 studies 

This shows that quality is the most measured attribute, followed by cost and schedule. 
Now, an analogy with the famous “Iron Triangle” [158] is used (Figure 29). This analogy 
reflects that the three properties are interrelated and it is not possible to optimize all three at 
the same time (“Pick any two”). 

 
Figure 29: Iron Triangle (adapted from [158]) 

The unbalanced number in the success indicators suggests that this is also true from the 
perspective of what is measured in SPI initiatives. Furthermore, in order to calculate 
accurately the financial benefits of an SPI initiative, it is necessary to take all three properties 
into account [157]. In order to communicate the results of an SPI initiative to the various 
stakeholders return on investment can be an adequate mean [159]. The low occurrence of 
“Return-on-investment” (22 papers) as success indicator suggests that it is seldom used to 
increase the visibility of the improvement efforts. 

Customer satisfaction can be used to determine software quality [160]. An increased 
product quality could therefore also be assessed by examining customer satisfaction. 
Nevertheless, only 20 studies which use qualitative and seven studies which use quantitative 
means to determine a change in customer satisfaction were identified. Although measuring 
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customer satisfaction by a questionnaire can provide a more complete view on software 
quality, it is an intrusive measurement that needs the involvement and cooperation of the 
customer. On the other hand, quantitative measurements as the number of customer reported 
failures need to be put into relation with other, possibly unknown, variables in order to be a 
valid measure for software quality. A decrease in product sales, an increased knowledge of 
the customer on how to circumvent problems or a shift in the user base can all cause a 
reduction in reported failures, making the measurement of software quality from this 
perspective more complex. 

When possible, success indicators are categorized according to product quality 
characteristics. The argument is that those characteristics have a different weight, depending 
on the stakeholder. A developer may rate “Maintainability”, “Reusability” and “Portability” 
higher than the user of the product. “Reliability”, “Usability”, “Functionality” and 
“Efficiency” on the other hand are the characteristics of the product which are more 
important to the customer. Interestingly, “Reliability” is measured far more often as 
compared to the other three characteristics. It can be seen from Figure 26 that the number of 
success indicators is skewed towards the developers’ perspective (“Reliability” being an 
exception). This could indicate that the measurement of product quality is unbalanced and 
the aspects in which the customer is interested are taken less into consideration.  

In Figure 27 the success indicators for estimation accuracy are shown. It is interesting 
that estimating quality seems very uncommon although the improvement of quality is one of 
the main interests of SPI initiatives, where quality is found to be most measured success 
indicators (Figure 25). The identified quality estimation metric instances cover process 
quality, i.e. actual/estimated number of Quality Assurance reviews [136] and 
actual/estimated number of defects removed per development phase [161]. Quality 
estimation metrics should be given equal importance as the other estimation metrics, as they 
can be used to assess the stability of the software process. Another finding is that “Schedule” 
(37 papers) and “Cost/Effort” (35 papers) represent the bulk of the estimation accuracy 
measures. This might be due to the fact that these two factors are seen as important 
constraints during the project planning and are therefore often estimated.   

Another interesting aspect can be observed in the distribution of success indicators for 
the frameworks group (Table 29): the count of success indicators “Estimation Accuracy”, 
“Productivity” and “Effort/Cost” (assuming that effort can be expressed in terms of cost and 
vice versa) is higher than that the one for indicators “Process Quality” and “Product 
Quality”. Assuming that the categorization is sound, this is quite remarkable since it suggests 
that in frameworks the focus for measurement is not on quality. 

An overwhelming list of metric instances is extracted from the publication. However, 
many of the metric instances are actually measuring the same attribute but in different 
measurement units, e.g. defect density which is measured by taking the number of defects 
over size, where size can be expressed in either LOC, KLOC, FP, etc. Even more interesting 
is that the definition of basic measures deviates considerably. For the success indicator 
“Productivity” there are examples where the metric was defined as the ratio of effort over 
size in [162] [163] and reversely, as the ratio of size over effort in [164][165]. Another 
example can be found for the metric "Defect Density" (refer Table 28), that is interpreted as 
"Process Quality" in [166] but classified as "Defect" in [167] [168]. There are two 
implications can be identified from this condition. The first implication is that more effort is 
needed in reusing/adapting the metrics from one organization to the other. The second one is 
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that the results of measurements on the same success indicator cannot be compared directly 
from one organization to another. 

7.2.4.3 Summary 

The grouping of metrics according to the categorization of success indicator revealed 
which metrics are mostly used. “Process Quality”, “Estimation Accuracy”, “Productivity” 
and “Product Quality” is found to be the most measured among all success indicators. In 
addition, the large number of metrics instances reported for the success indicator “Process 
Quality” and “Product Quality” clearly indicates more emphasis is given on measuring 
quality. However, as stated in [1], little evidence exists that process conformance guarantees 
also high quality products. Therefore, measuring “Process Quality” alone without assessing 
the final product quality as it is perceived by the customer is giving just a part of the 
complete picture. “Product Quality”, on the other hand, can be measured by internal (e.g. 
maintainability, reusability, portability) and external quality attributes (e.g. usability, 
reliability, efficiency). It is assumed that the measurement of internal quality attributes can 
indicate the products’ external behavior, although this relationship is disputed and requires 
further research [1]. Nevertheless, from the data collected in the systematic review it can be 
seen that external quality attributes, in which the customer is interested, are taken less into 
consideration than internal ones. This implies that “Product Quality” is not covered 
adequately in the assessment of improvement initiatives. A way to overcome this limitation 
is to assess product quality indirectly by “Customer Satisfaction”, either qualitatively (by 
survey) or quantitatively (e.g. number of customer reported failures).  

Quality, cost, schedule – improving one or more of those product characteristics is the 
most common target in improvement initiatives [157]. The evaluation, on the other hand, is 
biased towards the assessment of improved quality, which indicates an imbalance and a lack 
of control in the other characteristics. What follows is that only that was is intended to be 
improved is assessed, not what actually changes by the enacted improvement initiative. This 
can lead to problems in evaluating accurately the effects of SPI. 

Another issue, which became apparent when categorizing the encountered metric to 
success indicators, was the inconsistent definition of indirect metrics as it was found for 
productivity. This indicates that there exists no common approach to assess even the most 
well-known and widely used success indicators. 

7.2.5 RQ1.5: To what degree are the evaluation methods and metrics 
from RQ1 and RQ4 used in industry, i.e. reported empirical 
results of usage? 

Aim: To verify that the collected information is relevant in the context of industrial 
application, i.e. that the identified evaluation methods and metrics have been applied 
successfully in practice. 

7.2.5.1 Results 

Figure 17 in Section 7.1.3.1 shows that the number of publications in industry outweighs 
the number of publications in non-industry context. Starting from this figure, this research 
question is answered by taking the data from the evaluation methods (RQ1.1) and success 
indicators (RQ1.4) and highlighting them in terms of their application in industry or non-
industry context. 
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Figure 30 shows the comparison of the evaluation methods between industry and non-
industry publications. Evaluation methods that were found in non-industry context were 
“Pre-Post Comparison”, “Statistical Analysis”, “Actual-Targeted Comparison” and “Cost-
Benefit Analysis”.  It is clearly shown in Figure 30 that the papers which report studies in 
industry context outweigh the non-industry ones.   

 
Figure 30: Evaluation methods distribution of the publications differentiated by industry 

and non-industry context (shows only the evaluation methods that present in both contexts) 

 
Figure 31: Success indicators distribution of the publications differentiated by industry 

and non-industry context 
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Figure 31 shows the comparison of the success indicators between industry and non-
industry publications. All the success indicators found in industry context were also found in 
non-industry context, except “Customer Satisfaction (Quantitative)”.  Again, it is clearly 
shown in Figure 31 that the papers which report studies in industry context outweigh the 
non-industry ones.   

7.2.5.2 Analysis and discussion 

From the results presented above, it is evident that the number of publications within 
industry context outweighs the number of publications within non-industry context in both 
evaluation methods and success indicators. From this fact, it can be assumed that the 
findings from RQ1.1 to RQ1.4 were mostly based on the studies conducted in industry 
context.  

This assumption doesn’t hold for the case of PSP initiative. Table 30 shows the 
distribution of PSP publications within industry and non-industry context. It is interesting to 
find that all six publications involving standalone PSP were in academic context and the only 
two studies that appear in industry context were found to combine it at least with TSP.  
There are two possible reasons for this. The first reason is because PSP measurements are 
very detailed and personal measures. Collecting these measures can violate privacy of the 
software engineers and breaks regulations in some countries [132]. The second reason is that 
implementing PSP requires investment for automated data collection tool. Without this 
automated tool, the fine-grained data collection as specified in PSP is difficult to achieve and 
also filling the PSP measurement data manually generates interruptions that can disturb the 
software engineers' work [132] [169]. 

Table 30: Distribution of PSP publications in industry and non-industry context 

Category of PSP 
Context 

Industry Non-Industry 
Standalone PSP 0 6 
PSP combined with other SPI initiatives 2 1 
Total 2 7 
Percentage 22% 78% 

 
7.2.5.3 Summary 

The data from the evaluation methods (RQ1.1) and success indicators (RQ1.4) was 
categorized according to their application in industry or non-industry context. The results 
evidently show that the findings from RQ1.1 to RQ1.4 can be assumed to be empirically 
applied in industry because a large number of the publications are reported within industry 
context. PSP is an exception to this generalization because the majority of its publications 
referred to non-industry context. 
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7.2.6 RQ1.6: What are the confounding factors identified in relation to 
the evaluation of SPI initiatives presented? 

Aim: To identify which factors can distort and hence limit the validity of the results of the 
SPI evaluation. To determine if these issues are addressed and to identify possible remedies. 

7.2.6.1 Results 

From the papers, factors that can influence the validity and accuracy of the SPI 
evaluation are extracted. These factors can be referred as confounding factors or 
confounding variables as described in Section 2.4. Only a few hints regarding these factors 
can be identified. This fact indicates that they are seldom taken into consideration when 
evaluating process improvement. Table 31 shows the list of papers that mentioned or 
discussed confounding factors along with the description and solutions (if provided by the 
paper). 

Table 31: Summary of confounding factors mentioned in the systematic review papers 

No Paper Confounding factors Solutions 
1 A minimal test 

practice framework 
for emerging 
software 
organizations [170] 

When choosing projects for 
evaluation, this paper points out that 
“it is impossible to find identical 
projects as they are always of differing 
size and nature”. 

Selection of similar projects 
in size and nature for 
evaluation. 

2 ROI of software 
process improvement 
at BL informatica: 
SPIdex is really 
worth it [9] 

This paper mentioned several factors 
that can influence the productivity 
values such as language, project size, 
tools and technical issues.  

Measuring projects that use 
same language, tools, 
development environment 
and normalizing the 
productivity by size 
(function points) can help to 
reduce the influence of 
those factors. 

3 Cost benefit analysis 
of personal software 
process training 
program [171] 

In threats to validity, this paper 
mentioned that the result of measuring 
the impact of personal software 
process training depends on the length 
of project time being measured and 
number of sample data used to 
measure improvement. 

No solution provided. 

4 A study on metrics 
for supporting the 
software process 
improvement based 
on SPICE [136] 

There were two consecutive 
assessments mentioned in the paper. 
For the second assessment, project 
with similar application domain and 
scope with the project used in the first 
assessment was selected.   

When comparing two 
evaluation results, select 
projects with similar 
application domain and 
scope. 

5 Case studies of 
software-process-
improvement 
measurement [19] 

This paper mentioned about 
environmental influences like staff 
size and turnover, capability maturity 
level, staff morale. 

Collect those environmental 
data (influences) which help 
to identify and understand 
influences on performance. 

6 How software 
process improvement 
helped Motorola 

The following confounding factors 
were mentioned: 
1. Project domain 

The following solutions 
were discussed: 
1. Project domain - Select 
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[172] 2. Project size 
3. Technology changes, code reuse  

similar projects for cycle-
time baselining. 

2. Project size - Normalize 
size to "assembly-
equivalent lines of code". 

7 Improving validation 
activities in a global 
software 
development [146] 

This paper mentioned about the 
uncontrolled independent variables or 
the Hawthorne effect [63]. 

Matching (see Section 
2.4.2): Evaluated projects 
were grouped according to 
potential confounding 
factors (cultural differences, 
skill background of 
employees) in non-
overlapping sets. 

8 Product focused 
software process 
improvement: 
concepts and 
experiences from 
industry [18] 

This paper explained that measuring 
the effect of a specific process action 
on product quality is possible. 
However, the missing knowledge on 
relationships between process actions 
and product quality makes the 
measurement unreliable and therefore 
it cannot be generalized to all 
situations. 

No solution provided. 

9 Designing and 
conducting an 
empirical study on 
test management 
automation [139] 

This paper identified seven state 
variables (confounding factors) which 
can influence the result of their study: 
1. Programming and testing 

experience of the developers. 
2. Application domain of the tested 

component. 
3. Functional area of the classes 

involved in the tested component. 
4. Familiarity of the developers with 

other tools. 
5. Scale of the project. 
6. Size of the project team. 
7. Number of iterations previously 

completed. 

The paper discussed how 
the state variables influence 
the result of their study and 
stated that these variables 
have to be taken into 
consideration when 
interpreting the result of 
their study. 

10 Integrating 
measurement with 
improvement: An 
action-oriented 
approach [147] 

The following confounding factors 
were mentioned: 
1. Staff size 
2. Staff training / learning curve 
3. Fixed ("overhead") costs as 

program management, 
configuration management and 
regression testing for multi-platform 
development 

The following solutions 
were discussed: 
1. Staff size - Production 

rates normalized to staff 
size. 

2. Fixed ("overhead") costs 
– these cost need to be 
considered in cost 
reduction improvement. 

11 Introducing 
ClearCase as a 
process improvement 
experiment [150] 

The paper mentioned changes in 
environment that might influence the 
experiment results: 
1. Company restructuring 
2. Change of development platform 
3. Changes in product release 

No solution provided. 
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frequency 
12 Metrics for small 

projects: Experiences 
at the SED [173] 

The following influences were 
mentioned: 
1. Project nature (sustainment or new 

development)  
2. Manual data collection 
3. Different programming language 
4. Employee education an experience 

level 

The following solutions 
were discussed: 
1. Project nature – Perform 

matching (see Section 
2.4.2) according to 
project categories. 

 

13 A portrait of a 
CMMISM Level 4 
effort [137] 

The following confounding factors 
were mentioned: 
1. Development phase 
2. Measurement unit 
3. Data collection process 
 

Perform matching (see 
Section 2.4.2) according to 
project categories. 

14 Problems in 
measuring 
effectiveness in 
software process 
improvement: A 
longitudinal study of 
organizational 
change at Danske 
Data [26] 

This paper mentioned that “conflicts 
about measurement goals can often 
influence perceptions of success or 
failure on SPI initiatives”. 

No solution provided. 

15 Quantitatively 
managing defects for 
iterative projects: An 
industrial experience 
report in China [174] 

This paper mentioned that in their 
study, which is about defect-related 
measurement, the availability and 
quality of historical data can affect the 
result of applying their method 
(BiDefect).  

Data from a stable process is 
required if no high quality 
historical data is available. 

16 Using group support 
systems for software 
inspections [175] 

This paper mentioned one factor that 
influences the software inspections' 
efficiency and effectiveness. The 
factor is preparation rate which 
explains velocity of preparing source 
code for inspections (measured in lines 
of code per hours). 

Measure preparation rate in 
software inspection and take 
them into consideration 
when measuring the 
efficiency and effectiveness 
of software inspection. 

 
7.2.6.2 Analysis and discussion 

From the results presented above, several findings can be deduced. The first is that only 
16 publications were identified which discuss the potential validity problems when 
evaluating SPI initiatives. It is therefore difficult to generalize assumptions or to relate a 
finding to a certain SPI initiative. Second, the papers do not use the term “confounding 
factors” or “confounding variables” when discussing about them, instead there were many 
representation used such as “influencing factors” [9], “influences” [173], “state variables” 
[139], “uncontrolled independent variables” [146] and “environmental influences” [19] 
[150]. There is no common term used to refer to confounding factors can imply that this 
known problem is usually not addressed in a common way or not addressed at all in the 
industry. 
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What can be learned from the cited papers is that confounding factors are sometimes 
barely sizeable. In [18], [26], [150] and [171] they are described in an abstract and general 
way without discussing remedies to overcome them. Although 12 other papers provide 
solutions to compensate confounding factors in order to achieve a valid measurement and 
evaluation result, the solutions were not discussed in detail. In addition, it is found that the 
evaluation methods for 12 of the papers listed in Table 31 are based on pre-post comparison. 
However, it cannot be generalized or deduced that the confounding factors and the solutions 
presented in these 12 papers are related to pre-post comparison in general because these 
papers only represent a small population of the papers in systematic review. Knowing that it 
is of paramount importance to identify potential confounding factors in the field of software 
process improvement and based on these findings from the systematic review, it clearly 
indicates that further research is needed in this field in order to increase the validity of 
software process improvement evaluations. 

7.2.6.3 Summary 

The list of mentioned confounding factors identified in relation to the evaluation of SPI 
initiatives are summarized in Table 31. Out of 148 publications, only 16 papers mentioned 
confounding factors in their studies. Out of these papers, 12 of them mentioned potential 
solutions to overcome confounding factors but unfortunately they were not discussed in 
detail. From this finding, it is clear that confounding factors are rarely taken into 
consideration when evaluating process improvement and there is a strong indication that 
further research in this field is needed in order to increase the validity of SPI evaluation. 
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7.3 Conclusion 
This study presents the synthesis and analysis part of a systematic literature review on 

evaluating software process improvement initiatives. The aim is to understand and to identify 
the applied industry practices when evaluating the improvement and on which measures 
these evaluations are based on. Furthermore it attempts to derive from the reported metrics 
which measurement perspectives (project, product or organization) are predominant in the 
different SPI initiatives and also to identify the confounding factors that can influence the 
evaluation results. The major findings of the systematic review are:  

• The dominance of project perspective and the low number of organizational 
perspective (in terms of measurement) reduce the visibility of the outcome of SPI 
initiatives and limit the ability to communicate the results to the organizations’ 
stakeholders (see Section 7.2.3.2).  Return-on-investment (ROI) which is seen as an 
effective measure to convey the results of an SPI initiative to the various 
stakeholders were found to have a low occurrence as compared with other success 
indicators (see Section 7.2.4.2). 

• Most of the evaluation methods found in this study are not specifically standardized 
for evaluating the outcome of SPI initiatives (see Section 7.2.1.2). This suggests that 
there is a shortcoming in the used methods to evaluate the outcome of SPI initiative 
in a consistent and appropriate way. 

• It’s hard to find direct mappings from metrics to success indicators and vice versa. 
This is due to the fact that there exists no common understanding of what is 
measured by which metric. This is supported by a finding that some of the success 
indicators were actually measured by different metrics (see Section 7.2.4.1).  

• Most of the publications don’t provide much information on the context of where the 
SPI initiatives take place (see Section 7.2.3.2) but company size and the available 
resources are seen to be important to be taken into account when choosing and 
embarking an SPI initiative [110] [111].  

• One interesting finding is that it is less common to measure and evaluate the impact 
of practices and tools as compared to frameworks in the context of software process 
improvement (see 7.1.4.2). This is somehow unexpected because embarking process 
improvement through practices and tools entails less overhead as compared to SPI 
frameworks. 

• Although improving quality is one of the main compelling goals of SPI initiatives 
and it is found to be the most measured success indicators, estimating the quality 
seems very uncommon (see Section 7.2.4.2). 

• There were only 16 publications identified which discuss the potential validity 
problems when evaluating SPI initiatives (see Section 7.2.6.2). This suggests that 
further research is needed in this field in order to increase the validity of software 
process improvement evaluations. 

• Since pre-post comparison is the most prominent evaluation method in the inspected 
SPI initiatives there is a need to identify which confounding factors can affect the 
result of the evaluation. Pre-post comparison of success indicators is also vulnerable 
to other threats of validity since it does not take into account the potential 
interrelationships (i.e. the not directly addressable influence of one variable onto 
another one) of the measured success indicators.  
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This systematic review shows that in the evaluation of the outcome of SPI initiatives, 
there is no common understanding on what needs to be measured during the improvement. It 
seems that the evaluation of SPI initiatives is a complex undertaking because there are many 
interrelated aspects that need to be taken into consideration. The results of the improvement 
need to be made visible to all stakeholders in the organization and the validity of the 
measurements needs to be confirmed, i.e. to identify the appropriate metrics and success 
indicators for the improvement.  

Table 32 synthetizes the discovered major issues which should be addressed by a 
measurement and evaluation framework for software process improvement. 

Table 32: Issues in measuring and evaluating SPI initiatives 

No Issue Issue origin Description 
I Heterogeneity of SPI 

initiatives 
Section 7.1.4 The spectrum of SPI initiatives ranges from 

the application of tools for improving specific 
development processes to the implementation 
of organization-wide efforts to increase the 
development capability as a whole. This 
range makes it necessary to generalize 
concepts which are widely applicable and 
virtually impossible to define specific 
strategies which may be appropriate for a 
certain context but not adaptable to others. 

II Partial evaluation Section 7.2.3 It was observed that the outcome of SPI 
initiatives is predominately assessed by 
evaluating measures which are collected at 
the project level. This implies that the 
improvement can be evaluated only partially, 
neglecting effects which are visible only 
outside individual projects. 

III Limited visibility Section 7.2.3 This issue is a consequence of the previous 
one and the other side of the same coin. By 
limiting the measurement to a certain level, 
the gathered information is targeted for a 
specific audience which may not cover all 
important stakeholders of an SPI initiative. 

IV Evaluation approach Section 7.2.1 and 
7.2.2 

Due to the vast diversity of SPI initiatives 
encountered in the course of the systematic 
review, it is not surprising that the approaches 
for their evaluation vary analogously. The 
evaluation and analysis techniques are 
customized to the specific settings where the 
initiatives are embedded and, since there exist 
not even rudimentary guidelines for their 
implementation, it is assumed that the design 
and development of the evaluation methods 
require a considerable amount of effort. 

V Metric definition 
inconsistencies 

Section 7.2.4 Kaner et. al. have shown in [176] how 
important it is to define exactly the semantics 
of a metric and the pitfalls that arise if it is 
not commonly agreed what the metric 



  88 

actually means, i.e. which attribute it actually 
represents. This issue is related with farther 
reaching questions than improvement 
measurement and evaluation and concerns 
fundamental problems of (software) 
measurement validity. 

VI Unobserved effects Section 7.2.4 This issue stems from the observation that the 
measurement of quality is the main focus of 
improvement initiatives (at least according to 
the number of identified metrics for this 
success indicator). This led to the idea that by 
focusing on the measurement of a single 
attribute, others may change unobservedly 
and a later improvement evaluation may give 
a picture which diverges from reality. 

VII Measuring quality Section 7.2.4 Measuring quality is a complex undertaking 
because, depending on the viewpoint, quality 
has a different meaning for different people 
[1]. This raises the issue of assessing the 
improvement of quality, considering the 
views of software quality [1]: 
• User view of quality as capability to 

fulfill the intended purpose. 
• Manufacturing view of quality as the 

degree to which the specification is 
followed. 

• Product view of quality as the underlying 
characteristics of a product. 

• Value-based view of quality as the 
amount a customer intents to pay for. 

VIII Evaluation validity Section 7.2.6 This issue is concerned with the validity of 
improvement evaluations. It was observed 
that confounding factors, as they are known 
in comparative research, are seldomly taken 
into account in the industrial practice of 
improvement evaluation. This can be a major 
threat to the evaluation validity since the 
predominant practice of improvement 
evaluation is based on pre-post comparison. 
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8 PROPOSED MODEL FOR THE EVALUATION OF 
SPI INITIATIVES 

The aim of this chapter is to illustrate a model and its concepts which provide the 
groundwork for a measurement and evaluation framework for SPI initiatives. The systematic 
review (Chapter 7) covered the broad field of software process improvement evaluation and 
one of the resulting main findings was the lack of a systematic and structured framework for 
SPI initiative evaluation. Table 32 summarized the main issues which, by the authors, were 
deemed essential to be addressed in such a framework. By analyzing and interpreting the 
information gathered by the systematic review, the building blocks of the model were 
conceptualized to provide a general approach to SPI initiative evaluation as shown in Figure 
32. The main focus of the presented model is to satisfy the information needs of the 
stakeholders which participate in, and promote SPI initiatives and to provide a systematic 
evaluation method. The model proposes a measurement and evaluation concept which is 
independent from specific SPI initiatives and is therefore deemed to be applicable in a broad 
spectrum of scenarios. 

 
Figure 32: Evaluation model for the evaluation of SPI initiatives 

One of the main concepts of the model is based on the following two dimensions: the 
measurement levels and the stakeholders of the software process improvement initiative. 
Both of them are also concepts in the model. The vertical dimension describes the 
measurement levels on which the effect of the improvement can be assessed (Section 8.1). 
The horizontal dimension describes the stakeholders (viewpoints) which have an interest in 
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seeing the evaluation of the process improvement (Section 8.2). The two dimensions are 
orthogonal to each other and describe the potential software process improvement evaluation 
area (Section 8.3). Evaluation area combined with measurements concept (Section 8.4), 
evaluation methods concept (Section 8.5) and time to evaluate concept (Section 8.6) 
represent the core of the model.   Build on top of the previous mentioned concepts, a holistic 
evaluation of software process improvement is proposed (Section 8.7). 

8.1 Measurement levels 
An early definition of metric categories in the context of software process improvement 

is given by [112] where measurements were grouped by their intended use. This bottom-up 
classification includes process, product and project metrics. Buglione and Abran proposed 
taxonomy in [177] of five software entity types for measurement; it includes resources, 
software process, product, project and organization as measurable entities in a software 
intensive organization. A similar but hierarchical abstraction was proposed by [178], 
whereas the model is tailored to the area of requirements engineering. The abstraction 
hierarchy presented in this work is inspired by the latter model, generalizing it to the Process, 
Project, Product, Organization and External measurement levels (Figure 33). Those define 
the spectrum of measurable entities which is required for a holistic evaluation of software 
process improvements. The fundamental idea behind this concept is that all levels are 
affected by process improvements and in order to adequately assess their impact it is 
advisable to consider the whole spectrum in the evaluation. In other words, a comprehensive 
evaluation should be based on all measurement levels.  This does not imply that the outcome 
of the evaluation should or can be presented as a flat value indicating overall success or 
failure. The purpose is to generate a traceable picture of the effects of process improvement 
and to evaluate its success or failure at the different measurement levels. The following 
paragraphs describe the levels in more detail. 

8.1.1 Process level 
As the name suggests, SPI initiatives are targeted to improve the processes that are used 

to develop software. Since the process is the target entity of the improvement, it is 
reasonable to measure the performance of the process itself in order to assess its efficiency 
and effectiveness. Nevertheless, a measurable gain at this level is not sufficient to assert that 
the improvement goal has been reached or that the SPI initiative has been successful at all. 
Furthermore, the improvement of one process may produce side-effects on other processes, 
or, more generally, affect the output of the process, which is not measurable at this level. 

8.1.2 Project level 
Measurement at this level is mainly concerned with project control by monitoring 

budget, schedule and resources. A projects' success or failure is often evaluated by 
determining the discrepancy between estimated and actual values. Additionally, it is possible 
to measure the effects of newly introduced or modified processes by assessing the work 
products created during the project. Adherence to project estimates and a gain in project 
quality can indicate process improvement but can also be misleading when considered in 
isolation since product quality is not assessed. 
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8.1.3 Product level 
Increasing product quality is often the major improvement goal when establishing an SPI 

initiative. Measurement at the product level assesses both internal quality attributes which 
are mostly visible to software developers, and external quality attributes which are observed 
by the user of the product. Besides increased quality, process improvement may also target a 
reduction in cost and time-to-market of the product. It is therefore necessary to control and 
assess all aspects of the improvement goals and to take them into consideration when 
evaluating the initiatives' success. 

8.1.4 Organization level 
The short- and mid-term effects of an SPI initiative can be assessed in the process, 

project and product level, but the long-term effects will prevail and only be visible at the 
organization level. An SPI initiative has to meet the business goals of a company and has to 
be aligned with its vision. Therefore, it is necessary to assess the improvements impact on 
the organizations' business strategy, economy and culture. The measurement and evaluation 
of the performance of the SPI initiative at this level is of paramount importance for the 
design and implementation of forthcoming process improvements. 

8.1.5 External level 
The previously mentioned levels are focused on the measurement and evaluation of the 

SPI initiative within the company and neglect that the effect of the improvement may also 
transcend the organizational border to the exterior world. The external level is influenced by 
the produced goods but also by the organization itself, e.g. through the dependency of 
suppliers. Measurement at this level assesses positive and negative externalities which 
should be taken into consideration when evaluating the success of an SPI initiative. 

 
Figure 33: Ordering of the measurement levels (inspired by [178]) 

8.1.6 Relation between the measurement levels 
Inherent to the levels is a specific ordering (Figure 33), and, although the order might 

seem obvious, it is helpful to characterize and to distinguish the measurable entities 
represented by those levels. The ordering is supported by the following arguments. 
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8.1.6.1 Temporal argument 

The increasing latency by which the effect of process improvement is measurable at the 
different levels, i.e. the effect of the treatment will reach the process itself first, then the 
projects in which the process is applied and eventually the products emerging from the 
various projects. The support for the ordering of Organization and External by the temporal 
argument is weaker, since it can be assumed that the external world is more influenced by 
the products of a company than by the organization itself, that is, the effect of the 
improvement is conveyed to the external level by the product rather than by the organization 
itself. 

8.1.6.2 Aggregation/inclusion argument 

Each level is an aggregation of one or more entities of the previous level, i.e. the 
External level includes, besides other things, a set of organizations, which in turn, include, 
besides other things, a set of products. These "other things" can be seen as external variables 
and are defined in this context as confounding factors. Those may, as already illustrated in 
Chapter 2 and 7, aggravate an accurate evaluation because they hide or amplify the effects of 
the improvement initiative. 

8.1.6.3 Traceability argument 

The farther away the measurement levels are from the origin of the treatment (process 
level) the more difficult it will become to trace the measured effect to its cause. This is a 
direct consequence of the previous two arguments. 

8.2 Evaluation viewpoints 
According to Zahran, a software process improvement initiative has to be backed up by 

both an organizational and management infrastructure as well as a process technical 
infrastructure [30]. The organizational and management infrastructure defines the 
stakeholders which are usually involved in the improvement initiative, such as executive 
sponsors, a steering committee, a software engineering process group and software process 
improvement teams. Besides the viewpoints represented by the previously mentioned SPI 
stakeholders, the evaluation should also consider the viewpoints from top- and middle-
management, product and project management, and software developers which are not 
directly in charge of the improvement initiative. Five categories of target audiences for the 
evaluation and use of metrics in software organizations are identified in [112]: Software 
users, Senior Managers, Software Managers, Software Engineers, and Software Process 
Engineers and Software Quality Assurance. Similarly, four roles with individual goals 
related to the improvement were identified in [179]: practitioners, project managers, 
department head, and corporate executives. Clearly, the specific roles encountered in an 
organization and in a SPI initiative are highly depended on the structure of the organization 
and the extent of the process improvement initiative. Therefore, a generalization of three 
evaluation viewpoints, Implementer, Coordinator and Sponsor, which allows being adapted 
and used in various improvement contexts, is proposed in this work. 

The three evaluation viewpoints reflect the different angles from which the process 
improvement is perceived and, more importantly, which aspects of the improvement matter 
to whom when conducting the evaluation. The definition of different viewpoints supports 
also the idea of increasing the visibility of the process improvement, which is, presenting the 
information to the appropriate stakeholders and alleviate the decision-making process. It is 
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important to point out that for a holistic evaluation of the improvement initiative it is 
necessary to consider and account for all viewpoints and the respective evaluation results 
without isolating single aspects [23]. The following paragraphs describe the viewpoints in 
more detail. 

8.2.1 Implementer viewpoint 
The Implementer viewpoint represents all the roles which are dedicated to put the 

software development in general and the process improvement in particular into practice. 
The evaluation from this viewpoint is needed to make the effects of changes in behavior 
visible to the target audience of the process improvement. The rationale behind this 
argument is that a feedback loop on the effects of the improvement fosters the sustainment of 
process change. Additionally, if the Implementer is well informed about the improvement 
and is conscious of its effects, he can serve as an additional data source for the evaluation of 
the improvement. 

8.2.2 Coordinator viewpoint 
This viewpoint subsumes the roles which generally participate in software development 

and in a software process improvement initiative as coordination and control entities. Their 
areas of responsibility are to manage and lead the Implementers and to steer and promote the 
process improvement through strategic (higher level, global) and tactical (lower level, local) 
decisions. The interests in evaluating the improvement initiative from this viewpoint are 
manifold but in general they boil down to two aspects: 

i. To assess if the improvement goals have been achieved and use the output of the 
evaluation to drive and guide further improvement activities. 

ii. To provide feedback to superiors. 

8.2.3 Sponsor viewpoint 
The Sponsor viewpoint represents those roles which fund and motivate the improvement 

initiative and, in parallel, those who are interested in evaluating the improvement according 
to its costs and benefits. Clearly it is difficult to define a clear border between these two 
groups of roles, but it may be helpful to describe the respective foci. The former roles' focus 
may tend towards the evaluation of the improvement process itself in order to assess if it 
delivered the anticipated benefits (effectiveness). On the other hand, the latter roles' focus 
may be less on the improvement process itself and rather on the results which are visible in 
the environment in which the process change is embedded (efficiency). In either case, the 
evaluation needs to be able to confirm the long-term effects of the process improvement. 

8.3 Evaluation area 
As mentioned briefly in the beginning of this chapter, the core of the evaluation model is 

based on two dimensions. In the previous sections, the properties of those dimensions were 
described in order to pave the ground for the explanation of the evaluation area. This concept 
delineates the cornerstones on which the remaining components of the model are built upon. 
The measurement levels represent the spectrum of measurable entities which can potentially 
be assessed for evaluation. The viewpoints represent the stakeholders' information needs for 
the evaluation of the improvement. 
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The three viewpoints, Implementer, Coordinator and Sponsor, are generic and for an 
actual instantiation of the model it is required to specify the given stakeholders in the 
organization. Table 33 shows an example how different stakeholders could be assigned to 
the viewpoints. The table is read row by row, from left to right. 

Table 33: The evaluation area defined by measurement levels and viewpoints 

Measurement 
Levels 

Viewpoints 

Implementer Coordinator Sponsor 

Process Development teams 
(Programmer, Tester, etc) 

Process managers 
(SPI Coordinators, SEPG 

group, etc) 
-- 

Project Development teams 
(Programmer, Tester, etc) Project managers -- 

Product 
Project teams 

(Project managers, 
development teams, etc) 

Product managers 
Middle managers  

(Head of departments / 
divisions, etc) 

Organization -- Upper management / 
board of directors 

Company shareholders /  
corporate sponsors 

External -- Upper management / 
board of directors 

Company shareholders /  
corporate sponsors 

  
Figure 34: Evaluation area 

The rationale for this mapping is given by considering both the characteristics of 
measurement levels and viewpoints. The Implementer viewpoint requires feedback in a 
short- and midterm time-frame of the improvement. Therefore, Process, Project and Product 
levels seem to be the most appropriate for gathering the necessary measurements for the 
evaluation. The Controller viewpoint is mostly concerned about the achievement of 
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improvement goals. Depending on the scope of the SPI initiative and the concrete 
improvement goal, short-, mid- and long-term evaluations may be required, satisfying the 
need to take local and global decisions. The Sponsor viewpoint, on the other hand, needs 
confirmation that the improvement benefits the organization in the mid- to long-term. 
Therefore, considering this need, Product, Organization and External level seem appropriate, 
since the available measurements reflect the mid- and long-term impact of the improvement. 
Note that the roles in the table above are chosen deliberately and for certain situations it 
would also make sense to have the Sponsor viewpoint in the Process and Project level. The 
same holds for the other fields which were left empty in the table. 

By defining an evaluation area as above, that is, suggesting answers to the questions 
where to measure (measurement levels) and for whom the evaluation is relevant 
(viewpoints), the proposed model facilitates the process for answering the following 
important questions: 

•    What to measure? 
•    How to evaluate? 
•    When to evaluate? 

A similar approach is proposed in [180] where the authors design a criteria based model 
to assess the efficiency of measurement indicators. It is based on the 5 W's + H rule (What, 
Who, Where, When, Why + How) to gather SMART (Specific, Measurable, Add value and 
actionable, Realistic and relevant, Timely) indicators. Building on top of this idea, the 
following Sections (8.4 – 8.6) describe how these driving questions can help to create a 
model for a holistic process improvement evaluation. 

8.4 The measurements (What to measure?) 
 In order to perform an evaluation, measurements need to be defined which provide the 

required data. The question is how to elicit the set of necessary and sufficient metrics which 
allow an appropriate evaluation of the improvement. Measurements need to be able to 
express reliably if an improvement goal has been reached or not. The common approach is to 
derive the required metrics from the improvement goal, e.g. if a reduction in cost is targeted, 
one could measure and evaluate if the expended resources in a project which implements the 
process improvement were reduced as compared to a previous, similar, project. There are 
three problems with this approach: First, not all the benefits in terms of cost reduction may 
be visible at the project level, that is, assessing this level alone would show only a subset of 
the achieved benefits. Second, using only a single metric as an achievement indicator can 
raise validity concerns in the forthcoming evaluation. One reason for this could be data 
collection issues, e.g. incomplete datasets or incorrectly compiled collection forms. And 
third, if expenditure in resources is the only dependent variable which is assessed, it is not 
possible to evaluate if the improvement did provoke any side-effects. 

To address the first problem, one has to reason about selecting the appropriate target 
audience for the evaluation and then deriving the necessary measurements. The evaluation 
area supports the elicitation of metrics by mapping viewpoints to measurement levels, i.e. by 
defining where to measure and who is interested to see the measured result, support is 
provided in the determination of what to measure. These concepts were presented in depth in 
the previous Sections (8.1 – 8.3). The following subsections discuss how the issues of data 
validity of measurements and side-effects of improvement can be addressed. 
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8.4.1 Cross-examination 
The second problem, as discussed previously, is concerned with data validity and how to 

increase the confidence in the evaluation of the gathered data. If the collected data is subject 
to mistrust, the measurement program is threatened as exemplified in [181]. 

In empirical research, the concept of triangulation, usually applied to qualitative data, 
can also be applied on quantitative data to compensate for measurement or modeling errors 
of the observed object of study [182]. In the context of improvement measurement and 
evaluation, two types of triangulation can be considered to increase data validity: 

• Data-source triangulation: more than one data source is used or the same data is 
collected at different occasions [182]. 

• Methodological triangulation: combination of different data collection mechanisms 
[183], e.g. qualitative and quantitative methods [182]. 

Both types are subsumed by the authors of this thesis under the concept of cross-
examination. 

8.4.2 Primary and complementary measurements 
In order to address the third problem from the initial discussion in Section 8.4, assessing 

the side-effects of the process change, the notion of primary and complementary 
measurements is introduced (Figure 35). 

 
Figure 35: Primary and complementary measurements 

Primary measurements are defined as a set of measurements which are used to assess if 
the improvement goal has been reached. In the example above, where the improvement goal 
is cost reduction, primary measurements could be elicited from the process (e.g. efficiency of 
the changed/added process) and project level (e.g. developer productivity). Complementary 
measurements, on the other hand, need to capture the effects of the process improvement 
which cannot be directly related to the improvement goal. In other words, complementary 
measurements are not derived from the same improvement goal as the respective primary 
measurements. The ensuing question is then, how to elicit the appropriate complementary 
measurements since obviously it is unfeasible to consider all measurements which are not in 
the primary set. It is therefore necessary to have a tool at hand which helps to limit the set of 
complementary measurements. 

A method is proposed which borrows its central idea from the project management 
triangle whose respective edges represent cost, time and quality. The aim of the project 
management triangle is to create the awareness that the entities at the edges are interrelated 
with each other and changing one will inevitably affect the others. Considering this principle 
in the context of process improvement evaluation helps to identify 
"auxiliary/complementary" improvement goals from which the appropriate complementary 
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measurements can be derived. Three base entities, cost, time and quality can be used as a 
starting point, since those are the commonly targeted improvement goals, e.g. in [184] [185] 
[186] [187] [188]. Clearly, the set of auxiliary improvement goals needs to be refined or 
augmented with additional ones, depending on the actual improvement goal(s) and the 
concrete context in which the initiative is conducted. 

8.5 Evaluation methods (How to evaluate?) 
The evaluation method specifies how the collected metrics will be analyzed and 

evaluated in order to assess the improvement. Due to the vast diversity of process 
improvement initiatives proposed in the literature and actually also implemented in the 
industry, it is challenging to identify and, in consequence, to generalize a set of common 
evaluation methods. Furthermore, depending on the specific improvement goal and therefore 
also depending on what is actually measured to assess the change, the evaluation approaches 
may differ in their implementation details. Nevertheless, it is possible to abstract the basic 
properties of the commonly used evaluation methods and to describe them on a high-level. 

8.5.1 Basic comparison 
Common to all evaluation methods, obviously, is some type of comparison of attributes 

(success indicators) which should express the change originating from the improvement. For 
the basic comparison of success indicators it is necessary to setup a baseline from which the 
improvements can be measured [89]. The major difficulty here is to identify reasonable 
baseline values. One strategy could be to define as a baseline the values from a very 
successful project or product (either internal or external to the organization) and benchmark 
the improvement against those. The baseline represents accordingly the target that is aimed 
for the improvement. Benchmarking in this way is useful if no historical data of successful 
projects or products is internally available to the organization. However, the performance of 
the improvement initiative cannot be deduced by comparing against a target baseline since 
the previous status is unknown and therefore the target may merely serve as a guidepost. 
What follows is that for evaluating the effect of improvement initiatives historical data, 
against which the actual performance can be compared, is essential (see Section 8.5.3 for a 
method to overcome this limitation). An illustrative example how a baseline for 
organizational performance can be constructed is given in [19]. Obviously, organizations 
with an established measurement program will have less difficulty to establish a baseline 
than organizations with a newly instantiated or even not yet started program [19]. Baselines 
are also essential in Statistical Process Control (Section 8.5.2) where the variation of a 
specific process attribute relative to a baseline is interpreted as instability and therefore a 
possible cause of quality issues of the resulting product. In [137] the establishment of 
baselines for statistical process control is exemplified. Furthermore, the statistical techniques 
presented in [189] were suggested by the authors as appropriate to create baselines of quality 
and productivity measurements. 

If historical data is used as a baseline for comparison, one has to consider the pitfall of 
confounding factors (Section 2.4). The concept of confounding factors is well-known in 
empirical research and is a fundamental threat for the internal validity of comparative 
studies. A comparison is said to be confounded, if the observed difference between two 
values (the effect of a treatment) is not solely caused by the treatment alone. In such a case, 
unknown or not controlled factors confound the comparison since the principle of ceteris 
paribus - all other things being equal - is violated. It is therefore of paramount importance to 
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identify and possibly control for confounding factors when using comparison to evaluate 
process improvements, otherwise the conclusive validity of any evaluation based on 
comparison is threatened. This means, particularly for the case of software process 
improvement evaluation by comparison, that the establishment of baselines needs to consider 
confounding factors. Examples of confounding factors are: 

• Project nature (Newly developed, maintenance/enhancement) 
• Software development model (Waterfall, iterative models, etc) 
• Product size and complexity (Number of features, etc) 
• Product domain (Software only, embedded) 
• Developers (Level of experience, staff turnover) 
• Technology (Programming language, tool support, development environment and 

platform) 

As discussed in Section 2.4, several strategies exist to minimize the effect of 
confounding factors and references to examples of how those are implemented in a practical 
way are given in Table 31 (see Section 7.2.6.1). 

8.5.2 Statistics based analysis 
Statistical analysis includes descriptive statistics where data are summarized numerically 

(e.g. mean, median, mode) or graphically (e.g. charts and graphs). Statistical analysis can 
also be done by inferential statistics by drawing inferences about the larger population 
through hypothesis testing, estimates of numerical characteristics (estimation), descriptions 
of association (correlation), or modeling of relationships (regression). One application of 
statistical techniques is to strengthen the validity of the collected measurements [190]. 
Another common application is found in SPC which aim is to measure and analyze the 
variation in processes. Time series analysis, as promoted by SPC, can provide information 
when an improvement should be carried out and determine the efficacy of the process 
changes [191]. Control charts are a widely used tool to monitor a process over time and to 
detect process variation which can indicate quality issues in the resulting product. Examples 
of SPC applied in industry context can be found in [11], [17], [112], [135], [137], [168], 
[186], [192] and [193]. 

As proposed in [189], several statistical techniques can be applied to evaluate the 
effectiveness of software process improvement in terms of increased estimation accuracy, 
product quality and customer satisfaction. The described methods are multiple regression, 
rank correlation and chi-square tests of independence in two-way contingency tables, which, 
when applied repeatedly over time can show the effectiveness of process improvements on 
statistical results [189]. However, care must be taken when applying these techniques since a 
single method alone may not show the true impact of the initiative and wrong conclusions 
could be drawn [189]. Furthermore it was objected in [189] that in some cases the process 
improvement must be very effective in order to show significant alterations in the statistical 
evaluation results. 

Statistical methods are also used to assess process stability which is regarded as an 
important aspect of organizational capability [194]. In order to evaluate stability, the authors 
propose trend, change and shape metrics which can be used in the short- and long-term and 
are analyzed by visual inspection of the data summarized by descriptive statistics (e.g. 
histograms and trend diagrams). In [195] the assessment of process improvement is 
discussed from the viewpoint of software evolution. The authors propose a statistical 
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technique to determine whether productivity (or any other process or product attribute) 
changes significantly over a long period of time. The aim of the presented CUSUM 
(cumulative sum) test is to systematically explore data points which highlight changes in the 
evolutionary behavior. Although this can also be done by visual inspection of trends (as it 
was proposed in the previously mentioned example), a change detection algorithm is 
considered as less error-prone and is particularly useful when assessing the impact of process 
improvement initiatives and when analyzing whether the performance of processes has 
changed [195]. 

An interesting approach to address the issue of certain confounding factors using 
statistical techniques is presented in [196]. The authors illustrate how Cost-Model 
Comparison, based on a linear regression equation, can account for the factor of project size 
when evaluating the effect of a process improvement on productivity (the same method is 
also proposed in [197]). A second issue, namely the comparison of projects from different 
departments to assess productivity improvement is addressed by the Hierarchical Model 
Approach. Projects originating from different departments in an organization are not directly 
comparable since they are either specialized on a group of products, a specific technology or 
have employees with different skills [196]. Both approaches can be used to prevent 
erroneous conclusions about the impact of the process improvement initiative. 

8.5.3 Survey 
In the context of this work, a survey is defined as any method to collect, compare and 

evaluates quantitative or qualitative data from human subjects. A survey can be conducted 
by interviews or questionnaires, targeting employees affected by the process improvement 
initiative or customers of the organization. Surveys can be an effective mean to assess the 
changes introduced in an improvement effort since after all, the development of software is a 
human-intensive task. The feedback provided by employees can therefore be used to 
improve the understanding of the effects caused by the introduced changes and to steer 
future improvements. Gathering information from customers, on the other hand, can provide 
insight how the improvement affects the quality of products or services as perceived by their 
respective users. This can be valuable to assess external quality characteristics, such as 
integrity, reliability, usability, correctness, efficiency and interoperability [198], which 
otherwise would be difficult to evaluate. 

The analysis of the improvement participants' feedback can be valuable if historical data 
for comparison is not available or if its quality/completeness limits the evaluability of the 
improvement. Examples from academic and industry practice are given in [116], [133], [134] 
and [142]. 

A systematic method to assess the effects caused by an improvement initiative is 
described in [40]. The approach can be useful if no or only limited historical data is available 
to construct a baseline which can serve as a reference point for the improvement evaluation. 
The post-evaluation is based on the expert opinion of the directly involved personnel which 
compares the improved process with the previous one. In order to increase the objectivity of 
the resulting evaluation, the method prescribes three steps: 

i. Role Selection: Since it is impractical and often economically unreasonable to 
consider the input from all employees, a cautious selection which considers the 
involved and affected (also indirectly) roles in the initiative is required. 
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ii. Design the Evaluation: the activities which were performed by the employees and 
are related with the improvement initiative ("work-packages") are elicited; these are 
subsequently assessed on a qualitative scale by the selected roles in terms of effort, 
accuracy and fulfillment; additionally, the quality of the produced artifacts is 
evaluated. 

iii. The Result Analysis and Use of Descriptive Statistics: the qualitative results are 
transformed to numerical values and descriptive statistics are applied. 

This lightweight process improves the visibility on the effects of the undertaken 
improvement initiative and provides also information on how the change was experienced by 
the involved roles. The method could be enhanced by integrating the concept of 
"contribution percentages" as it was proposed in [114]. The idea is to let the experts assess 
how much the initiative actually contributed to the improvement, i.e. provide the possibility 
to express that only a fraction of the change is attributable to the initiative and other factors 
have also contributed to the enhancement. This could be modeled by adding the perspective 
"Contribution" in the to-be assessed "work-packages". 

Besides by the expert opinion of employees, it is also possible to evaluate the effects of 
the improvement by querying customers. Quality of service surveys could be sent 
periodically to customers, illustrating the effects of the adapted or new process from the 
customer perspective [156]. Examples of studies and/or industry reports where customer 
surveying is practiced are given in [9], [26], [122], [154], [156], [199] and [200]. 

8.5.4 Cost-benefit analysis 
One of the other evaluation methods for evaluating the outcome of an SPI initiative is 

cost-benefit analysis in which the business impact of the change is assessed. Cost-benefit 
analysis considers the costs to implement the initiative and the quantifiable benefits that were 
gained. A common problem is to identify the relevant cost and especially the benefit factors 
[114], and it is difficult to allow for indirect and intangible benefits in the calculation. A 
popular metric to implement cost-benefit analysis is ROI (see Section 7.2.4.1). This metric is 
a performance measure which expresses the efficiency of an investment in a ratio, i.e. it 
quantifies the received amount of benefits for a unit of investment. The generic form to 
express ROI is given by the division of the gain from an investment and its costs: 

    ROI = (Benefit - Cost) / Cost 

Evaluating an improvement initiative with a cost-benefit measure is important since the 
allocated budget for the program must be justifiable in order not to risk its continuation 
[114]. Furthermore, it is necessary to avoid loss of money and to identify the most efficient 
investment opportunities [114].  

The aim of this section is not to define which costs and benefits (direct, indirect or 
intangible ones) need to be considered since those are highly dependent on the specific 
business goals of the company and the undertaken initiative. Nevertheless, some indications 
are given which should facilitate the identification of costs and benefits in the specific case. 

When assessing cost, organizations should also consider other resources than pure effort 
(which can be relatively easily measured), e.g. office space, travel, computer infrastructure 
[114], training, coaching, additional metrics, additional management activities, process 
maintenance [201]. Activity Based Costing helps to relate certain activities with the actual 
spent effort [201]. While cost and effort must not be estimated [201], estimation is often 
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inevitable in quantifying the benefits of an initiative [114]. Since it usually enough to know 
the ROI's relative value (positive, balanced or negative), perfect accuracy is not required as 
long as the involved stakeholders agree on the procedure how to assess it [114]. Direct 
benefits and especially indirect and intangible benefits are best assessed by multiple 
stakeholders [114]; some of the difficult to quantify benefits are: customer satisfaction, 
improved market share due to improved quality, reduced time-to-deliver and accuracy, 
feature-cost reduction, opportunity costs, reduced maintenance in follow-up projects, better 
reusability, employee satisfaction, increased resource availability [201]. A useful technique 
to support the estimation is the so-called "what-if-not" analysis [114]. Project managers 
could be asked to estimate how much effort was saved due to the implemented improvement 
in follow-up projects. The saved effort would then be accounted as a benefit. Another 
strategy would be to estimate the "worth" of a certain improvement, e.g. asking managers 
how many training days would they invest to increase employee motivation and quantify the 
cost of such a training program [114]. 

Examples how cost-benefit analysis, and especially ROI calculations, are conducted are 
given in [9], [18], [114], [130], [150], [167], [171], [201], [202], [203], [204] and [205]. 

8.6 Time to evaluate (When to evaluate?) 
Another crucial aspect not to be missed in the evaluation is to determine the right time 

when it should be performed. The appropriate time to evaluate is dependent on the level 
where the measurement is being collected. The temporal argument for the ordering of the 
measurement levels (Section 8.1.6.1) supports the idea of a latency factor. This latency can 
be used to assist the determination of the appropriate time to evaluate. On the other hand, 
one has also to consider how long an evaluation result may be accounted as valid, i.e. how 
long can it be of value to support decision making processes and be representative for what 
is actually assessed. 

The ideas of effect latency and that evaluation results decay suggest that the appropriate 
time to evaluate is bound by two factors. The effect latency defines the minimum time an 
improvement initiative has to be carried out to in order to show a visible and measurable 
impact. It is also referred as the time lag between the cause (SPI initiative) and the 
corresponding effect (improvement) [206]. The evaluation result decay defines the maximum 
time for which an evaluation result can be interpreted and used. Since evaluation results 
decay, periodic evaluations are needed in order to make the effects of the improvement 
visible over time [26], [115], [154], [188], [207] and [208].What follows is that for an 
effective improvement evaluation these two factors have to be considered, otherwise the 
results will not represent the actual situation and inappropriate decisions will be taken by the 
people in charge for the improvement program. On the other hand, determining concrete 
values for evaluation latency and decay or defining a model for the general case is 
impossible or at least extremely difficult since the right time to evaluate depends on several 
variables. The most obvious one is the conducted improvement initiative; depending on what 
changes, the effects may be visible earlier or later (latency) [150] [209] and the degree of 
change over time may be higher or lower (decay). 
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8.7 Holistic evaluation 
The previous sections have shown how the concepts of measurement levels, viewpoints 

and driving questions are related to process improvement measurement and evaluation. 
Nevertheless, the results of the evaluation are bound to their respective measurement levels, 
that is, although the visibility of the improvement is increased by taking into account the 
different viewpoints, the individual evaluations cannot assess the overall impact of the 
improvement initiative. 

By defining a model which assesses the improvement from the viewpoint of the involved 
stakeholders, an important aspect of improvement evaluation can be addressed: increasing 
the visibility of the improvement initiative as a whole, that is, combining the respective 
viewpoint evaluations into a picture which is able to capture the overall outcome of the 
improvement. Such a representation would be beneficial for several reasons: first, the 
success of an initiative could be asserted with more confidence since it is assessed 
considering the involved stakeholders; second, it could show, given that the appropriate 
metrics were collected, if the improvement has a positive impact on the organization as a 
whole or if the change negatively influences aspects which would not have been considered 
initially; third, it can be an aid to communicate the results of the improvement in an efficient 
way since the amount of data produced in the individual evaluations is reduced to the 
necessary information. Due to the last mentioned point, it is clear that such a representation 
of the improvement evaluations fits better to the information needs of a Sponsor than for 
those of an Implementer or Coordinator since by aggregating data, detailed information is 
lost which may be needed to support decision making. 

8.7.1 Consideration for the model 
In order to show the overall or compound impact of an improvement initiative it is 

necessary to define an appropriate model which is able to aggregate the results of individual 
evaluations (and metrics) into a representative score. As of now, three basic aspects were 
identified that need to be considered for the construction of the model: 

i. Normalization of the different metrics to enable a meaningful aggregation. 
ii. Compensation for the different orders of magnitude in the values of the metrics, i.e. 

consider that a small difference in one metric may have effectively more impact than 
a bigger difference in another. 

iii. Consideration of the individual viewpoints to include the relative "importance" in 
improving on a specific metric. 

The third point has less a technical rather than a qualitative rationale. The model should 
take the subjective change, as it was experienced or as it is expected by the involved parties, 
into account. This means that each metric should be given a weight, defined by the 
viewpoints which are interested in the result of the evaluation. It is assumed that in this way, 
the evaluation of the improvement initiative gains realism by representing the actual 
situation and reveals possible imbalances in the change effort, as it was apprehended by the 
involved stakeholders. 

The first two aspects could be implemented by an impact rating, in which the evaluator 
maps the change in a metric into an ordinal scale, which would normalize the metrics and 
compensate the differences in orders of magnitudes simultaneously. Clearly, this implies that 
the rater has to have expertise in the domain of the assessed metric, which means in 
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particular that the stakeholder who sees the result of the evaluation may not coincide with the 
one who actually evaluates. Furthermore, since more involvement of the respective 
stakeholders as raters is needed, the cost of the evaluation may increase. 

As an alternative, the improvement score could be implemented as proposed in [210]. 
The authors define an aggregate metric which is based on the ratios of metrics' values, the 
geometric mean and an importance weight. The advantage of this method to the previously 
discussed approach would be the avoidance of the need to subjectively assess the change in 
the collected metric values, while the relative importance of a metric for a stakeholder can 
still be considered. 

Independently from the chosen aggregation method, it would be reasonable to calculate 
the improvement score for each individual measurement level (if the corresponding data is 
available) to see the changes' impact from a high-level view. Since each measurement level 
is associated with three viewpoints, it could be interesting to analyze the differences in the 
resulting improvement score. If needed, the data could be further compacted and the 
viewpoints' scores could be averaged (with or without weighting) to represent the overall, 
viewpoint-independent, improvement evaluation. 

As previously discussed, the improvement score is calculated by considering past 
evaluation results. In order to achieve a more accurate representation of the current situation 
is it advisable to consider only evaluations whose decay time is not yet reached (Section 8.6). 
This implies that, whenever a holistic evaluation is conducted, the decay factor is used to 
select the evaluation results which are estimated as still valid. 

The model could be further refined by taking the resources into account which were 
spent in the implementation of processes, projects or products on which the individual 
evaluations are based. This "investment unit" component would compensate for the different 
sizes in terms of resources, which is, making the evaluation transparent regarding for 
example the effort spent in a process or project. Without such an adjustment, the 
improvement score averaged from evaluations in e.g. two projects of different size would be 
skewed towards the more extreme value. Intuitively, this would not represent the actual 
overall improvement. 

8.8 Summary 
The major aim of the presented concepts is to increase the quality of improvement 

evaluations by considering a) the accuracy and b) the coverage of the evaluation. Accuracy 
in this context is understood as “the degree to which the result of a measurement, calculation, 
or specification conforms to the correct value or a standard” [211]. The claim of the 
presented model (Figure 36) is to improve evaluation accuracy by determining the 
appropriate metrics using the concept of primary and complementary measures, by 
considering cross-examination of success indicators and by creating the awareness for 
confounding factors which may distort the evaluation results. Coverage is understood as the 
extent to which the measurable entities and the involved stakeholders are considered in the 
evaluation. Improving the coverage is achieved by the concepts of the evaluation area and 
the holistic evaluation. 
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Figure 36: Model for the evaluation of SPI initiatives 

Table 34 shows how the concepts in the model (Figure 36) address the stipulated issues 
for measuring and evaluating improvement initiatives (see Table 32 in Section 7.3). 

Table 34: Issues addressed by the evalution model 

No Issue Addressed Description 
I Heterogeneity of SPI 

initiatives 
Yes This issue is addressed by the overall design of 

the model. It was paid attention to elaborate 
concepts which are applicable in a broad 
spectrum of scenarios, independently from the 
encountered SPI initiative (being an SPI 
framework, a specific practice or a tool). This is 
tied with a rather high level of generality how 
the concepts are described. One one hand, this is 
an advantage since the model provides 
flexibility. On the other hand, it requires 
additional effort to adapt it to the specific SPI 
initiative. Currently, the model does not provide 
any component which supports the 
customization to a particular SPI initiative.  
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II Partial evaluation Yes This issue is addressed by defining where the 
effects of the improvement are potentially 
measurable and can be assessed (the concept of 
measurement levels, see Section 8.1). This is 
complemented by the concept of viewpoints to 
create the evaluation area (see Section 8.3), 
which defines a “map” of the data sources which 
can be used to evaluate more thoroughly the SPI 
initiative. 

III Limited visibility Yes This issue is addressed by defining three 
viewpoints which are generally interested in 
evaluating the outcome of SPI initiatives. A 
connection with the measurement levels is 
created which defines the concept of the 
evaluation area (see Section 8.3). Defining 
viewpoints supports the evaluation because it 
makes the different information needs explicit 
and forces to think about how to satisfy those 
appropriately. 

Furthermore, the concept of holistic evaluation 
(see Section 8.7) provides an approach to 
aggregate evaluations at different measurement 
levels which shows an overall picture of the 
effects of the SPI initiative. This could be an 
adequate mean to communicate the impact of 
SPI to various stakeholders. 

IV Evaluation approach Partially This issue is addressed by a generalization of the 
possible evaluation methods into four 
categories: basic comparison, statistical analysis, 
survey and cost-benefit analysis (see Section 
8.5). Relevant examples of how to apply these 
methods are given either directly or by referring 
to literature in which they were successfully 
applied. 

As the model aims to be general and applicable 
to a wide spectrum of scenarios, currently no 
preferences are given in which specific situation 
a particular evaluation method is preferable. 
Nevertheless, the provision of external 
references to practical examples tries to 
compensate for this limitation. 

V Metric definition 
inconsistencies 

No This issue is currently not addressed by any of 
the proposed concepts. 

VI Unobserved effects Yes This issue is addressed by the concepts proposed 
in Section 8.4, particularly by the concept of 
primary and complementary measurements. 
This approach is aimed to create a mindset 
which supports the elicitation of an appropriate 
set of metrics to assess the improvement change 
more accurately. The metaphor of the Iron 
Triangle is used to support this mindset. 
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VII Measuring quality Partially This issue is addressed implicitly by two 
concepts. First, the manufacturing and product 
view of quality is considered by including the 
process, project and product level as data 
sources for the assessment of improvement (see 
Section 8.1). Second, the user and value-based 
view of quality is addressed, on a higher level, 
by two generic evaluation methods, survey and 
cost-benefit analysis. Note that the user view of 
quality is actually also considered by the product 
and external measurement levels, since the 
metrics which fall into these address customer 
satisfaction and the effects of the improvement 
on the entities external to the organization. 

Nevertheless, due to the generality of the model, 
currently no concrete concept is particularly 
targeted to address the measurement of quality. 

VIII Evaluation validity Partially This issue is partially addressed by two 
strategies. 

First, by showing a list of potential confounding 
factors in evaluating SPI initiatives and by 
referring to examples in the literature which 
show how to compensate for their distorting 
effect. Currently it is only superficially 
described how confounding factors affect the 
evaluation and further research is needed to 
discover possible relationships between 
confounding factors and particular evaluation 
methods. Then, concrete suggestions can be 
given for choosing the appropriate evaluation 
method. 

Second, the concept time to evaluate which 
discusses effect latency and evaluation decay 
(Section 8.6) should help to define a schedule 
for the appropriate time when evaluations should 
be conducted. However, currently no concrete 
techniques to define the values for latency and 
decay are provided in the model. 

 

Since a comprehensive and authoritative framework would provide structure and 
legitimation to measurement programs [26] an implementation of the presented model and 
its inherent concepts would provide concrete benefits to the field of software process 
improvement and its practitioners. Such a framework should accommodate means to 
adequately and systematically plan the measurement process and provide guidelines to 
define appropriate measures [195]. 
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9 VALIDITY THREATS 
A major threat to this thesis work is related with the validity of the concepts presented in 

the proposed evaluation model (Chapter 8). Although the evaluation model was 
conceptualized based on the input from the systematic review, which means it is supported 
by the facts and data within the industrial context (see Section 7.2.5), the usability and 
usefulness of the presented concepts in the model are yet to be validated.     

Several other threats to validity were identified in this research, most of them related 
with the implementation of the systematic literature review. In general, validity threats can 
be categorized in conclusion, internal, construct and external threats [212]. Since this 
categorization is tailored to empirical research, particularly to experimental studies, it is 
challenging to map the identified threats into these groups. The first part of this research is 
focused on information collection, categorization and generalization whose threats to validity 
are discussed below.  

9.1 Publication bias 
Publication bias refers to the general problem that positive research outcomes are more 

likely to be published than negative ones [94]. Since the research questions in this study are 
not geared towards the performance of a specific software process improvement initiative for 
the purpose of comparison, the authors regards this threat as minor. The same reasoning 
applies for the threat of sponsoring in which certain methods/techniques are sponsored by 
influential organizations [94], e.g. the CMM/CMMI which is supported by the Software 
Engineering Institute. Furthermore, the systematic review did not restrict the sources of 
information to a certain publisher, journal or conference such that it can be assumed that the 
breadth of the field is covered sufficiently. 

9.2 Threats to the identification of primary studies 
The strategy to construct the search string was to retrieve as many documents related to 

measurement and evaluation of software process improvement. Therefore, the main metric to 
decide about the quality of the search string should be recall of the search result, which is 
expressed as the ratio of relevant items retrieved and all existing relevant items [213]. Since 
it is impossible to know all existing relevant items, the recall of the search string was 
estimated by conducting a pilot search as described in Section 6.2.1.1, which showed an 
initial recall of 88%, and after a refinement of the search string, a recall of 100%. Precision, 
on the other hand, expresses how good the search identifies only relevant items, and is 
defined as the ratio of relevant items retrieved and all retrieved items [213]. It was not tried 
to optimize the search string for precision which is clearly reflected by the final, very low, 
precision value of 2.2% (considering 6683 documents after the removal of duplicates and 
148 selected primary studies). This is however expected since recall and precision are 
adversary goals, i.e. the optimization to retrieve more relevant items (increase recall) implies 
usually a retrieval of more irrelevant items too (decrease precision) [214]. The low precision 
itself represents no threat to the validity of the systematic review although it is connected to 
a considerably higher effort in selecting the final primary studies. 

In order to further decrease the probability to miss relevant papers two additional 
strategies were followed. First it was discovered during the testing of the search string (see 
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Section 6.2.1.1) that the used bibliographic databases (Inspec and Compendex) did not index 
studies published in "Software Process: Improvement and Practice" prior to 1997. Therefore 
it was decided to include a third bibliographic database (SCOPUS) and also individual 
publishers in the data sources (IEEE Xplore and ACM Digital Library). This led to a high 
number of duplicates (3893) which were however reliably identified by sorting the 
documents alphabetically by title. Secondly, the review design was assessed for 
completeness and soundness by an independent researcher with experience in conducting 
systematic literature reviews.  

For 234 studies the full-text could not be retrieved within the scheduled time-frame for 
the systematic review. This however represents a minor threat since this set, recalling the 
retrieval precision of 2.2%, would have contained approximately only five relevant studies. 

9.3 Threats to selection and data extraction consistency 
Because of the scope of the systematic review, an efficient (in terms of execution time) 

and effective (in terms of selection and data extraction consistency) strategy had to be 
developed. One of the main aims of defining a review protocol is to reduce researcher bias 
[94] by defining explicitly inclusion/exclusion criteria and a data extraction strategy. A well 
defined protocol increases the consistency in selection of primary studies and in the 
following data extraction if the review is conducted by multiple researchers. One approach to 
further increase the validity of the review results is to conduct selection and data extraction 
in parallel by several researchers and cross-check after each phase the outcome. In the case 
of disagreements they should be discussed until a final decision is achieved. Due to the large 
amount of initially identified studies (10817) this strategy was impossible to implement 
within the given time-frame. Therefore, as proposed in [104] and illustrated in Section 6.2.1, 
paper selection and data extraction were piloted and the consecutively, after consensus was 
achieved, conducted individually and finally merged. By piloting two issues were addressed: 
first, the selection criteria and the data extraction form were tested for appropriateness, e.g. 
are the inclusion/exclusion criteria too restrictive or liberal, should fields be added or 
removed, are the provided options in the fields exhaustive, etc. Second, the agreement 
between the researchers could be assessed and discrepancies streamlined, e.g. by increasing 
the precision of definitions of terms. Although this strategy is somewhat weaker in terms of 
consistency than the previously mentioned cross-checking approach, it was a necessary 
trade-off in order to fulfill the schedule and the targeted breadth of the systematic review.   
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10 CONCLUSION 
This section is to summarize the work done in the thesis, listing the major contributions 

of the thesis and naming some possible future work. 

In overall the main contributions of this thesis are: 

i. Provides a comprehensive overview of the state-of-art in evaluating SPI initiatives. 
ii. Presents the major issues for measuring and evaluation of SPI initiatives (see Table 

32 Section 7.3). 
iii. Proposes an evaluation model which addresses the identified issues (see Table 34 in 

Section 8.8 for a summary). 

The main goal of this thesis is twofold: on the one hand, the thesis should provide an 
overview of the state-of-art in evaluating SPI initiatives and, on the other hand, main issues 
that need to be addressed for an effective evaluation of SPI should be proposed based on the 
results of the overview of the state-of-art of SPI evaluation. How both of these goals are 
achieved is described below.  

10.1 Research questions revisited 
RQ1: How can the result of SPI initiatives be evaluated? 

At first, a systematic review was conducted to get an overview of the state-of-art in 
evaluating the SPI initiatives. The outcome of the systematic review helped to answer RQ1. 
Four main aspects were considered in the systematic review: evaluation methods, 
measurement perspective in evaluation, metrics used in evaluation and confounding factors 
in evaluation.  

RQ1.1: What types of evaluation methods are used to evaluate SPI initiatives? 

Firstly, the evaluation methods used for the evaluation of SPI initiatives were identified 
to answer RQ1.1. It was found that organizations do the evaluation of SPI initiatives in an 
overwhelming number of different ways which is mainly due to the vast diversity in the 
process improvement they are involved in. Therefore, it was tried to abstract the common 
properties of these evaluation methods and categorize them accordingly. The evaluation 
methods that were mostly identified were: basic comparison, statistical analysis, survey and 
cost-benefit analysis. There were two major findings in the evaluation methods. Firstly, 
threats to validity of the result of evaluation (i.e. whether the result is in causal relationship 
with the SPI initiative) are rarely discussed. Especially evaluation methods based on basic 
comparison are quite vulnerable to this kind of validity threats and these threats should be 
minimized. Secondly, the rational for using one evaluation methods or the other is not 
properly described in the literature. And, there is no standardized or consistent way of using 
evaluation methods, therefore, the result of evaluations is hard to compare. 

RQ1.2: What evaluation methods are most frequently used in association with each of the 
identified SPI initiatives? 

Thereafter, the most frequently used evaluation methods in association with specific SPI 
initiatives were identified to answer RQ1.2. Basic comparison and specifically pre-post 
comparison was found to be most frequently used evaluation method for almost all kind of 
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SPI initiatives. Some of the other interesting findings were: the frequent use of statistical 
based evaluation methods in evaluating Six Sigma SPI initiatives, the use of SPC is mostly 
evident when the scope of the SPI initiative is wider e.g. SPI frameworks (as compared to 
practices and tools) and evaluation of PSP and TSP mostly used pre-post comparison as the 
change in personal performance can be easily evaluated with this method.  

RQ1.3: What measurement perspectives are used and to what extent are the measurement 
perspectives associated with the identified SPI initiatives? 

Thirdly, the measurable entities that are measured by the reported metrics are identified 
to figure out the measurement perspectives used in the evaluation. The measurement 
perspective that was reported most is the project perspective (66% of the selected papers) 
which implies evaluation of SPI initiatives’ outcome is strongly biased towards the project 
outcome. The consideration of the product and organization perspective, which are also 
important in order to see the overall impact of SPI, is neglected in comparison to the project 
perspective. Besides this, an effort was made to identify whether any potential relationship 
exist between measurement perspective and SPI initiatives. Three interesting relationship 
was revealed in this investigation. It was found that most of the time when CMMI is the 
applied SPI initiative, either stand-alone or in combination with other initiative, the 
organization measurement perspective is considered which implies emphasis is put on the 
organizational measurement perspective when evaluating CMMI based improvement. 
Secondly, PSP based SPI initiatives are mostly evaluated on the project perspective which is 
due the fact that PSP is based on continuous measuring of the personal performance at the 
project level. Thirdly, Six Sigma based process improvement were found to be evaluated 
taking either project perspective or both project and product perspective into consideration 
which somehow adheres with the product quality focus of Six Sigma. 

RQ1.4: What are the metrics reported for evaluating the SPI initiatives? 

To answer RQ1.4, all the metrics that are reported in evaluation of SPI in the selected 
papers are accumulated and put into pre-defined categories to get an overview of what 
measurable attributes (or success indicators) are actually being measured. This gives an 
indication of what success indicators are actually most measured, what are less measured and 
what else need to be measured. The observed number of metrics and their corresponding 
success indicator for measuring “Process Quality” and “Product quality” indicates more 
emphasis is given on measuring quality. “Estimation accuracy” and “Productivity” are two 
of the other mostly observed success indicators. Though quality is commonly found to be 
mostly measured, however, in "Estimation Accuracy" success indicator category estimating 
the quality is found quite uncommon compare to estimating the cost or estimating the 
schedule. In measuring product quality, aspects (e.g. “Reliability”, “Usability”, 
“Functionality” and “Efficiency”) in which the customer is interested are taken less into 
consideration (except reliability) than the aspect developers are usually interested in 
(“Maintainability”, “Reusability” and “Portability”). Besides, “Customer Satisfaction” was 
also reported as a measure of product quality which can be measured qualitatively (by 
survey) or quantitatively (by direct measures e.g. no. of customer reported failures). The 
measure “Return-on-investment (ROI)” is a good means for communicating the benefits of 
SPI to different stakeholder but it was reported less in the selected papers. Different metrics 
were found to be used to measure the same success indicator which makes it difficult to 
reuse the metrics and the results of the evaluation become incomparable from one 
organization to the other. 
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RQ1.5: To what degree are the evaluation methods and metrics from RQ1.1 and RQ1.4 used 
in industry, i.e. reported empirical results of usage? 

RQ1.5 attempts to find out to what degree the identified evaluation methods and metrics 
found in RQ1.1 to RQ1.4, have been applied successfully in practice. Since, most of the 
selected papers are from industry context, obviously, most of the identified evaluation 
methods and metrics are successfully applied in practice. Figure 30 and Figure 31 (see 
section 7.2.5.1) show the comparison of evaluation methods and success indicators between 
industry and non-industry to highlight the extent in which these are reported in industry. The 
only exception was found with PSP in which most of the publications are in non-industry 
context. This is because PSP involves personal data collection, thus it is prone to privacy 
issues. Therefore, it is less reported by industry. 

RQ1.6: What are the confounding factors identified in relation to the evaluation of SPI 
initiatives presented? 

To answer RQ1.6, the selected papers were investigated to see whether confounding 
factors that can distort and hence limit the validity of the results of SPI initiative evaluations 
are reported and possible remedies from these factors are proposed or not. It was found that 
confounding factors are rarely taken into consideration when evaluating process 
improvement. The papers which report confounding factors mostly only name the 
confounding factors without proposing any remedies. This means that the presence of 
confounding factors is known but solutions to overcome them are scarce. However, there are 
12 papers which exemplify a few solutions to overcome confounding factors but none of 
them discussed these solutions in details. The findings about confounding factors from this 
study suggest that further research in this field is needed in order to increase the validity of 
software process improvement evaluations. 

RQ2: What are the major aspects that need to be considered in the evaluation of SPI 
motivated by the findings from RQ1? 

From the analysis of the previously answered research questions and taking into account 
the discovered issues, major aspects that need to be considered for the effective evaluation of 
the results of SPI initiative were identified and a model for SPI evaluation is proposed to 
answer RQ2. The concepts represent the core of this model which actually drives effective 
evaluation of SPI. The proposed concepts are: measurement levels, evaluation viewpoints, 
evaluation area, driving questions that help to identify what to measure, how to evaluate and 
when to evaluate and finally how to do a holistic evaluation. The details of these concepts 
are presented in Chapter 8. The authors think implementing this model can significantly 
increase the quality of improvement evaluations by considering the accuracy and coverage of 
the evaluation. Improved accuracy in evaluation can be achieved by determining the 
appropriate metrics using the concept of primary and complementary measures, by 
considering cross-examination of success indicators and by creating the awareness for 
confounding factors which may distort the evaluation results. Whereas, improving the 
coverage is achieved by the concepts of the evaluation area and the holistic evaluation. The 
model proposed here for the evaluation of SPI will help to structure a comprehensive 
framework for the evaluation of SPI. 
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10.2 Future work 
The results of this thesis can be considered as cornerstone for further study in the area of 

evaluating the outcome of software process improvement. After completion of this thesis, 
several tasks are identified as future work to follow up the results of this thesis. Future work 
needed with respect to this thesis includes: 

i. Create a framework that incorporates the concepts proposed by the model 
The framework will provide more details on how the concepts are implemented and 
related to each other in the process of evaluation the outcome of SPI initiatives. The 
framework should also provide step-by-step guidelines on how to apply it for 
evaluating the outcome of SPI initiatives. Such a framework would be an additional 
contribution to the area of evaluation of SPI initiatives' outcome and provide more 
value than the abstract model presented in this thesis. 

ii. Validate the concepts of this model 
Although the construction of the model took inputs from the systematic review, the 
model itself has not been validated. Therefore, the next important task is to validate 
the model proposed in this thesis in terms of its usability and usefulness. The 
validation could give valuable inputs to help the model (and the framework) to 
improve. 

iii. Extension of the systematic review 
An extension of the systematic review involving more database and more keywords, 
especially keywords about confounding factors and time to evaluate, could gain 
more inputs which later on can be used to refine the model. 

iv. Replication of the systematic review 
A replication of the systematic review could be performed by different researchers 
using the defined review protocol in order to validate its results. 

v. Enhancement of the model 
The proposed model in this thesis is motivated and mainly based upon the findings 
from the systematic review. Aside from systematic review, the model could be 
enhanced by getting more input from practitioners in SPI evaluations. 

vi. Investigate not addressed issues in the model 
As shown in Table 34 several issues are not or only partially addressed by the model. 
It has to be investigated if and how solutions to these issues can be integrated in the 
presented model. 
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APPENDIX A: PRIMARY STUDIES SELECTED FOR 
SYSTEMATIC REVIEW 
 

NO TITLE AUTHOR(S) 

1 
A case study: GQM and TSP in a software engineering capstone 
project 

Von Konsky, Brian R. 
 Robey, Michael 

2 
A market-driven requirements engineering process: results from an 
industrial process improvement programme 

Regnell,B., Beremark,P., 
Eklundh,O. 

3 
A measurement-based approach for implanting SQA and SCM 
practices 

Visconti,M., Guzman,L. 

4 A metric suite for a team PSP Escala,D., Morisio,M. 

5 
A minimal test practice framework for emerging software 
organizations 

Karlström,D., Runeson,P., 
Norden,S. 

6 
Analysis of software process improvement experience using the 
project visibility index 

Sakamoto,K., Niihara,N., 
Tanaka,T., Nakakoji,K., 
Kishida,K. 

7 
An empirical study of industrial requirements engineering process 
assessment and improvement 

Sommerville,Ian, 
Ransom,Jane 

8 
An empirical study of the complex relationships between 
requirements engineering processes and other processes that lead to 
payoffs in productivity, quality, and risk management 

Damian,Daniela, 
Chisan,James 

9 
An experience: a small software company attempting to improve its 
process 

Otoya,S., Cerpa,N. 

10 
An experiment measuring the effects of Personal Software Process 
(PSP) training 

Prechelt,L., UNGER,B. 

11 
An industrial case study of implementing and validating defect 
classification for process improvement and quality management 

Freimut,Bernd, 
Denger,Christian, 
Ketterer,Markus 

12 An industrial case study on reuse oriented development 
Baldassarre,M.T., 
Bianchi,A., Caivano,D., 
Visaggio,G. 

13 An iterative improvement process for agile software development Salo,O., Abrahamsson,P. 
14 An SEI process improvement path to software quality Miller,P. 
15 A PIE one year after: APPLY Roan,A., Hebrard,P. 
16 A portrait of a CMMISM Level 4 effort Hollenbach,C., Smith,D. 

17 
Applications of measurement in product-focused process 
improvement: a comparative industrial case study 

Birk,A., Derks,P., 
Hamann,D., Hirvensalo,J., 
Oivo,M., Rodenbach,E., 
van Solingen,R., 
Taramaa,J. 

18 
Applying a framework for the improvement of software process 
maturity 

Canfora,Gerardo, 
Garcia,Felix, 
Piattini,Mario, 
Ruiz,Francisco, 
Visaggio,C.A. 

19 
Applying ISO 9001:2000, MPS.BR and CMMI to achieve software 
process maturity: BL informatica's pathway 

Ferreira,A.I.F., Santos,G., 
Cerqueira,R.,  
Montoni,M., Barreto,A. 
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 Soares Barreto, A.O. 
 Rocha,A.R. 

20 
Applying software engineering and process improvement to legacy 
defence system maintenance: an experience report 

French,V.A. 

21 
A practical view of software measurement and implementation 
experiences within Motorola 

Daskalantonakis, Michael 
K. 

22 A software development process for small projects Russ,M.L., McGregor,J.D. 

23 
Assessing multiview framework (MF) comprehensibility and 
efficiency: A replicated experiment 

Visaggio,G., 
Ardimento,P., 
Baldassarre,M.T., 
Caivano,D. 

24 
A study on metrics for supporting the software process 
improvement based on SPICE 

Hwang,Sun-Myung, 
Kim,Hye-Mee 

25 A systematic survey of CMM experience and results 
Herbsleb, James D., 
Goldenson, Dennis R. 

26 Attaining Level 5 in CMM process maturity McGarry,F., Decker,B. 
27 Blending CMM and Six Sigma to meet business goals Murugappan,M., Keeni,G. 

28 Case studies of software-process-improvement measurement 
Paulish,Daniel J., 
Carleton,Anita D. 

29 
CMM implementation and organizational learning: findings from a 
case study analysis 

Bellini,E.,  lo Storto,C. 

30 Combining quality and software improvement 
Hollenbach,C., Young,R., 
Pflugrad,A., Smith,D. 

31 
Conventional and open source software reuse at Orbotech - an 
industrial experience 

Morad,S., Kuflik,T. 

32 Cost benefit analysis of personal software process training program 
Taek Lee, Dookwon Baik, 
In,H.P. 

33 Cost effective software test metrics Lazic,L., Mastorakis,N. 

34 
Crafting a TQM-oriented software development lifecycle: program 
experience 

Shah,S., Sutton,J. 

35 
Creation of an automated management software requirements 
environment: A practical experience 

Andrade,J., Ares,J., 
Dieste,O., Garcia,R., 
Lopez,M., Rodriguez,S., 
Verde,L. 

36 Cultivation and engineering of a software metrics program Iversen,J., Mathiassen,L. 

37 
Defining and applying metrics in the context of continuing software 
evolution 

Ramil,J.F., Lehman,M.M. 

38 
Designing and conducting an empirical study on test management 
automation 

Giraudo,Griselda, 
Tonella,Paolo 

39 
Development system security process of ISO/IEC TR 15504 and 
security considerations for software process improvement 

Lee,Eun-Ser, Lee,Malrey 

40 Does organizational maturity improve quality El Emam,K., Madhavji,N. 

41 
Early software product improvement with sequential inspection 
sessions: an empirical investigation of inspector capability and 
learning effects 

Winkler,D., Thurnher,B., 
Biffl,S. 

42 Elements of a process-improvement program [software quality] Dion,R. 

43 
Empirical study of the effects of open source adoption on software 
development economics 

Ajila,Samuel A., Wu,Di 

44 e-R&D - Effectively managing process diversity Ebert,C., De Man,J. 

45 Establishing continuous assessment using measurements 
Jarvinen,J., van 
Solingen,R. 



  128 

46 Establishment of a performance driven improvement programme 
Spork,Gunther, 
Pichler,Uwe 

47 
Evaluating the contributions of a structured software development 
and maintenance methodology 

Nelson,K.M., Ghods,M. 

48 Evaluation of a metrics framework for product and process integrity 
McKeown,Karen A., 
McGuire,Eugene G. 

49 
Evaluation of code review methods through interviews and 
experimentation 

Höst,M., Johansson,C. 

50 Experiences on establishing software processes in small companies 
von Wangenheim,C.G., 
Weber,S., Hauck,J.C.R., 
Trentin,G. 

51 Goal-oriented software assessment 
Weiss,D.M., Bennett,D., 
Payseur,J.Y., Tendick,P., 
Zhang,P. 

52 
Holistic software process performance measurement from the 
stakeholders' perspective 

List,B., Bruckner,R.M., 
Kapaun,J. 

53 How software process improvement helped Motorola 
Diaz,Michael, 
Sligo,Joseph 

54 How to manage your software product life cycle with MAUI Suardi,L. 

55 Impact of TSPi on software projects 

Cuevas,G., Calv, 
Manzano,J., San Feliu,T., 
Mejia,J., Muñoz,M., 
Bayona,S. 

56 Improve by improving software process improvers Borjesson,A. 
57 Improvement of a configuration management system Titze,F. 

58 
Improvement of software process by process description and 
benefit estimation 

Tanaka,T., Sakamoto,K. 
 Kusumoto,S., 
Matsumoto,K., Kikuno,T. 

59 Improving defect removal effectiveness for software development Leung,H.K.N. 

60 Improving estimation practices by applying use case models 
Anda,B., Angelvik,E., 
Ribu,K. 

61 Improving validation activities in a global software development 
Ebert,C., Hernandez 
Parro,C., Suttels,R., 
Kolarczyk,H. 

62 
Industrial strength software and quality: software and engineering 
at Siemens 

Achatz,R., Paulisch,F. 

63 
Influence of software development process capability on product 
quality 

Golubic,S. 

64 Intangible benefits of CMM-based software process improvement Hyde,K., Wilson,D. 

65 
Integrating measurement with improvement: An action-oriented 
approach 

Lane,Jo Ann, 
Zubrow,David 

66 Introducing ClearCase as a process improvement experiment Larsen,J.-O., Roald,H.M. 
67 Learning from success [business process improvement] Nolan,A.J. 

68 
Lessons learned from an initiative for improving software process, 
quality and reliability in a semiconductor equipment company 

Krasner,H., Scott,G. 

69 Lessons learned from rigorous system software development Dick,J., Woods,E. 

70 
Linking software process improvement to business strategies: 
experiences from industry 

Debou,C., Kuntzmann-
Combelles,A. 

71 
LIPE: a lightweight process for e-business startup companies based 
on extreme programming 

Zettell,J., Maurer,F., 
Münch,J., Wong,L. 

72 Making sense of measurement for small organizations Kautz,Karlheinz 
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73 Maturity, models, and goals: how to build a metrics plan Pfleeger,S.L. 
74 Measurement practices in financial software industry Savioja,E., Tukiainen,M. 

75 
Measuring and evaluating maintenance process using reliability, 
risk, and test metrics 

Schneidewind,N.F. 

76 Measuring and improving software process in China Wang,Q., Li,M. 

77 Measuring software sustainability 

Seacord,R.C., Elm,J., 
Goethert,W., Lewis,G.A., 
Plakosh,D., Robert,J., 
Wrage,L., Lindvall,M. 

78 
Measuring the effectiveness of introducing new methods in the 
software development process 

Winokur,M., Grinman,A., 
Yosha,I., Gallant,R. 

79 
Measuring the impacts individual process maturity attributes have 
on software products 

McGarry,F., Burke,S., 
Decker,B. 

80 Measuring the ROI of software process improvement Van Solingen,Rini 

81 Metrics for small projects: Experiences at the SED 
Grable,R., Jernigan,J., 
Pogue,C., Divis,D. 

82 
Never make the same mistake twice-using configuration control 
and error analysis to improve software quality 

Haugh,J.M. 

83 
Observe-mine-adopt (OMA): An agile way to enhance software 
maintainability 

Hayes,Jane Huffman, 
Mohamed,Naresh, 
Gao,Tina Hong 

84 
On integrating assessment and measurement: towards continuous 
assessment of software engineering processes 

Jarvinen,J., Hamann,D., 
van Solingen,R. 

85 On the measurement of agility in software process Beijun Shen,, Dehua Ju, 

86 
Optimized software process for fault handling in global software 
development 

Macke,D., Galinac,T. 

87 PBR vs. checklist: A replication in the N-fold inspection context He,Lulu, Carver,Jeffrey 
88 Personal Software Process: classroom experiences from Finland Abrahamsson,P., Kautz,K. 

89 Practical software process improvement - the IMPACT project 
Scott,L., Jeffery,R., 
Carvalho,L., D'Ambra,J., 
Rutherford,P. 

90 
Practical use of empirical studies for maintenance process 
improvement 

Valett,Jon D. 

91 
Problems in measuring effectiveness in software process 
improvement: A longitudinal study of organizational change at 
Danske Data 

Iversen,Jakob, 
Ngwenyama,Ojelanki 

92 Process improvement and the corporate balance sheet Dion,R. 

93 
Process improvement for small firms: An evaluation of the RAPID 
assessment-based method 

Cater-Steel,Aileen, 
Toleman,Mark, 
Rout,Terry 

94 Process integration of Six Sigma and CMMI 
Xiaosong,Zhao, Zhen,He 
 ZhangMin,, Jing,Wang, 
Dainuan,Yu 

95 
Product focused software process improvement: concepts and 
experiences from industry 

Trienfekens,J., Kusters,R., 
van Solingen,R. 

96 
Quality assurance activities for enterprise application software 
packages 

Taneike,K., Okada,H., 
Ishigami,H., 
Mukaiyama,H. 

97 
Quality assurance activities in the Software Development Center, 
Hitachi Ltd 

Kihara,H. 

98 Quality improvement-the Six Sigma way Murugappan,M., Keeni,G. 
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99 Quantitative approach to software process improvement Kuntzmann-Combelles,A. 

100 Quantitative evaluation of software process improvement 
Henry,Joel, 
Rossman,Allan, 
Snyder,John 

101 
Quantitatively managing defects for iterative projects: An industrial 
experience report in China 

Gou,Lang, Wang,Qing, 
Yuan,Jun, Yang,Ye, 
Li,Mingshu, Jiang,Nan 

102 Quantitative Process Improvement in XP Using Six Sigma Tools 
Hashmi,Sajid Ibrahim, 
Baik,Jongmoon 

103 Release planning process improvement - an industrial case study Momoh,J., Ruhe,G. 

104 
Requirements engineering and downstream software development: 
Findings from a case study 

Damian,Daniela, 
Chisan,James, 
Vaidyanathasamy,Lakshm
inarayanan, Pal,Yogendra 

105 Requirements engineering: In search of the dependent variables Gorschek,T., Davis,A.M. 

106 Research on CMMI-based software process metrics 
Ruzhi Xu, Yunjiao Xue, 
Peiyao Nie, Yuan Zhang, 
Desheng Li, 

107 
Research on the application of six sigma in software process 
improvement 

Xiaosong,Zhao, Zhen,He, 
Fangfang,Gui, 
Shenqing,Zhang 

108 
Results from introducing component-level test automation and 
Test-Driven Development 

Damm,L.-O., Lundberg,L. 

109 
ROI of software process improvement at BL informatica: SPIdex is 
really worth it 

Ferreira,Analia Irigoyen 
Ferreiro, Santos,Gleison, 
Cerqueira,Roberta, 
Montoni,Mariano, 
Barreto,Ahilton, 
Rocha,Ana Regina, 
Barreto,Andrea O. S., 
Silva Filho,Reinaldo C. 

110 Schlumberger's software improvement program 
Wohlwend,H., 
Rosenbaum,S. 

111 SEL's software process improvement program 
Basili,V., Zelkowitz,M., 
McGarry,F., Page,J., 
Waligora,S., Pajerski,R. 

112 
Significant productivity enhancement through model driven 
techniques: a success story 

Hossler,J., Kath,O., 
Soden,M., Born,M., 
Saito,S. 

113 Six sigma approach in software quality improvement 
Redzic,C., Jongmoon 
Baik, 

114 Software process improvement at AlliedSignal Aerospace Buchman,C.D. 
115 Software process improvement at Raytheon Haley,Thomas J. 

116 
Software process improvement by object technology (ESSI PIE 
27785 - SPOT) 

Calio,Antonio, 
Autiero,Massimo, 
Bux,Giuseppe 

117 
Software process improvement deployment: an empirical 
perspective 

Kuilboer,J.-P., Ashrafi,N. 

118 Software process improvement experience in the DP/MIS function Johnson,A. 

119 
Software product improvement with inspection. A large-scale 
experiment on the influence of inspection processes on defect 
detection in software requirements documents 

Biffl,S., Halling,M. 
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120 Software quality improvement in France Telecom Research Center 

Moreau,B., Lassudrie,C., 
Nicolas,B., I'Homme,O., 
d'Anterroches,C., Le 
Gall,G. 

121 Software quality in consumer electronics products 
Rooijmans,J., Aerts,H., 
van Genuchten,M. 

122 
Software verification process improvement proposal using six 
sigma 

Galinac,Tihana, 
Car,Zeljka 

123 
Some results of experimentation with extreme programming 
paradigm 

Ahmed,A., Fraz,M.M., 
Zahid,F.A. 

124 SPI in a very small team: a case with CMM 
Batista,J., Dias de 
Figueiredo,A. 

125 
Structural change and change advocacy: a study in becoming a 
software engineering organization 

Nelson,K.M., Buche,M., 
Nelson,H.J. 

126 
System based SQA and implementation of SPI for successful 
projects 

Lee,Jae Won, Jung,Sung 
Hwa, Park,Sung Chang, 
Lee,Young Joong, 
Jang,Young Chul 

127 
Targets, drivers and metrics in software process improvement: 
results of a survey in a multinational organization 

Trienekens,J.J.M., 
Kusters,R.J., van 
Genuchten,M.J.I.M., 
Aerts,H. 

128 Technical controlling and software process improvement Ebert,C. 

129 
Technology review: adapting financial measures: making a 
business case for software process improvement 

Harrison,W., Raffo,D., 
Settle,J., Eicklemann,N. 

130 
Technology transfer macro-process. A practical guide for the 
effective introduction of technology 

Nishiyama,T., Ikeda,K., 
Niwa,T. 

131 
TheAV-8B team learns synergy of EVM and TSP accelerates 
software process improvement 

Pracchia,L. 

132 The impact of tools on software productivity 
Bruckhaus,T., 
Madhavii,N. H, Janssen,I., 
Henshaw,J. 

133 The impacts of software product management Ebert,Christof 

134 
The Knowledge Based Software Process Improvement Program: A 
Rational Analysis 

Alagarsamy,K., Justus,S., 
Iyakutti,K. 

135 The personal software process: experiences from Denmark Abrahamsson,P., Kautz,K. 
136 The quest for technical controlling Ebert,C. 

137 
Understanding software defect detection in the personal software 
process 

Wohlin,Claes, 
Wesslen,Anders 

138 
Understanding the product life cycle: four key requirements 
engineering techniques 

Ebert,C. 

139 Using a defined and measured Personal Software Process Humphrey,W.S. 

140 Using group support systems for software inspections 
van Genuchten,M., van 
Dijk,C., Scholten,H., 
Vogel,D. 

141 
Using linear regression models to analyse the effect of software 
process improvement 

Schalken,Joost, 
Brinkkemper,Sjaak, van 
Vliet,Hans 

142 Using measurement data in a TSPSM project 
Davis,N., Mullaney,J., 
Carrington,D. 

143 
Using SPI to achieve delivery objectives in e-commerce software 
development 

Downey,Fergal, 
Coleman,Gerry 
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144 
Utilization of statistical process control (SPC) in emergent software 
organizations: pitfalls and suggestions 

Sargut,K.U., Demirors,O. 

145 
Validating the ISO/IEC 15504 measure of software requirements 
analysis process capability 

El Emam,K., Birk,A. 

146 
Walking the talk: building quality into the software quality 
management tool 

Seshagiri,G.V., Priya,S. 

147 What is a Level 5? McGarry,F. 

148 
Why does it take that long? Establishing product lines in the 
automotive domain 

Tischer,C., Müller,A., 
Ketterer,M., Geyer,L. 
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APPENDIX B: LIST OF SUCCESS INDICATORS AND 
METRICS 

Success Indicator Commonly Used Metric 

Process Quality 

Efficiency: 
i) Rework efficiency = No. of defect / defect fixing effort 
ii) Defect removal efficiency, DRE = E/(E+D)  

    - E is the number of errors found before delivery 
    - D is the number of errors found after delivery 

iii) Process efficiency (%) = No. of  <Phase> category defects detected 
by  <Phase> review / Total no. of <Phase> category defects 

<Phase> := SRS, Design, Code Review and Unit Test 

iv) Inspection  efficiency = Number of real defects found per hour 
v) Fault Handling Efficiency (FHE) = Number of incoming fault events / 

number of events recorded as trouble report 
vi) Fault Finding Efficiency (FFE) = Number of incoming fault events 

not recorded as trouble report because reason is an internal fault / 
number of events recorded as trouble report 

vii) Test efficiency = No. of bugs found up to and including system 
testing / No. of bugs found during and after testing  

Effectiveness: 
i) Total Defect Containment Effectiveness (TDCE) = Number of pre-

release defects / (number of pre-release defects + number of post-
release defects) 

ii) Phase Containment Effectiveness for Phase i (PCEi) = Number of 
phase i errors / (number of phase i errors + number of phase i defects) 

iii) Inspection Effectiveness = Identified real defects / the number of 
seeded defects (in inspection) 

iv) Fault Handling Effectiveness (FHEff) = Number of incoming fault 
events not recorded as trouble report because there was no fault at all 
+ number of incoming fault events not recorded as trouble report 
because duplication of an issue 

v) Fault Finding Effectiveness (FFEff) = Number of trouble reports 
which were not approved for correction 

vi) Defect detection effectiveness = Individual defect detection rate 
(IDDR) = Number of real defects reported by individual subjects 

vii) Fault-slip-through (FST) = Number of defects not found when it was 
most cost-effective 

Product Quality 

General: 
i) No. of reported failures in operation 
ii) Post-release fault density = No. of faults / size  
iii) No. of  User-reported deficiencies (URD) 
iv) New Open Problems (NOP) = total new post-release problems opened 

during the month 
v) Total Open Problems (TOP) = total number of post-release problems 
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that remain open at the end of the month 
vi) Changed Ratio of customer request = (No. of actual changed request / 

no. of customer request) * 100(%) 
vii) No. of customer calls 

Reliability: 
i) Failure Rate (FR) = Number of failures / execution time 
ii) Mean Time Between Failure (MTBF) = (Downtime –uptime) / no. of 

failures 
iii) Mean Time To Failure (MTTF) 
iv) Defect density by Configuration Mgmt build (DDb) 

Maintainability: 
i) McCabe's Cyclomatic complexity 
ii) Maintainability product (MP) = Change scope * effort * 100 

Note: The Change scope measure examines what percentage of the 
program's components were added or modified to implement a 
change. 

iii) LOC/subroutine  
iv) Stability index = Percent of the code that has changed in a week, 

number of developers that made changes in a week, average number 
of LOC per developer, average time spent by a developer on the 
project  

Reusability: 
i) Reuse percent = Part of baseline against which projects are evaluated 
ii) Reusability = Uses of delivery package = Amount of project specific 

development done in the context of the delivery package 

Productivity 

i) Size / effort 
  - Size in LOC, FP, etc 
  - Effort in person-month, person-hour, hour, etc 

ii) Effort / size 
  - Effort in person-month, person-hour, hour, etc 
  - Size in LOC, FP, etc 

iii) Number of tasks solved per time unit 
iv) Actual productivity = No. of written code / person hours 
v) Apparent productivity = (No. written code + no. of reused code) 

/person-hours 
vi) Rate of delivery  = No. of projects delivered per year 
vii) Productivity = (Number of features in project / total effort in minutes) 

* (2,400 minutes / week) 

Estimation Accuracy 

Schedule: 
i) Schedule variance = (Actual duration- planned duration) / planned 

duration 
ii) No. of days ahead of schedule/behind schedule of release 
iii) Schedule performance index (SPI) = Earned value / planned value 
iv) Schedule Estimation Accuracy (SEA) = Actual project duration / 

estimated project duration 
v) Schedule overruns = 100 * (actual value - estimated value) / estimated 

value 
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Effort: 
i) Effort variance = (Actual effort - planned effort) / planned effort 
ii) Project Visibility Index (PVI) = Planned person-months / actual 

person-months 
iii) Effort Estimation Accuracy (EEA) = Actual project effort / estimated 

project effort 
iv) 100 * (actual effort - estimated effort) / estimated effort 

Cost: 
i) Cost performance index (CPI) = Earned value / actual cost 
ii) Variance in the planned vs. actual cost for projects 

Size: 
i) Size variance = (Planned size - actual size) / planned size 
ii) Error rate of size estimate = (LOC estimated – real LOC developed) / 

real LOC developed.  
iii) 100 * (actual LOC - estimated LOC) / estimated LOC 

Others: 
i) Productivity variance = Estimated vs. actual LOC / hour 
ii) Cumulative Earned Value vs. Cumulative Planned Value 
iii) Actual no. of defects removed per phase vs. estimated no. of defects 

removed per phase 

Effort 

i) Effort distribution (%) = Effort for <Phase> / Total project effort 
<Phase> := SRS, Design, Code, Testing, PM, QA, Training, CM, 
Support, Others 

ii) Person-month, person-hour, staff-hour, etc 
iii) Rework effort in person-hour, staff-hour, etc 
iv) Rework index = % project effort spent in rework 
v) Development support effort = Number of days effort expended by the 

development team on defect investigation and resolution during the 
system test period. 

vi) Percentage of Detecting Effort (PDE) = Effort of defect detecting 
activity in system testing stage / total effort of project * 100% 

vii) Percentage of Fixing Effort (PFE) = Effort of defect fixing activity in 
system testing stage / total effort of project * 100% 

Defects 

i) Defect density, DD = No. defects / size 
  -  No. defects according to development phase 
   - Size in LOC, FP, etc 

ii) Defect distribution (%) = No. of <Phase> category defects / Total No. 
of defects 
<Phase> := Analysis, Requirement, Design, Code, Document, Others 

iii) Yield (% of defects found and fixed before compilation   and testing) 
iv) Fault-slip through (FST) = Total no. of faults in late  verification / 

total no. of fault in the project 
v) Number of defects found per <Phase> 

<Phase> := Analysis, Requirement, Design, Code Review, Unit Test, 
Others 

vi) No. of injected defect / <Phase> 
<Phase> := Analysis, Requirement, Design, Code Review, Unit Test, 
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Others 
vii) Defect Injection Rate (DIR) of requirements, design, coding and 

testing activities = Defects injected at the activity / all defects of the 
project 

Cost 

i) Cost = Effort * cost per staff-hour (measured in base cost, addition 
cost for tool, saving through insertion of tool for varying project size 
calculated in features and for two aspect regular process to advance 
process and advance process to complete process) 

ii) Cost / Size 
  - Size in LOC, FP, etc 

iii) Cost of rework 
iv) Cost = Training Cost + implementation cost 
v) Cost = cost of conformance + cost of non-conformance; cost non-

conf. is direct and indirect cost with reworking a product / service. 
Conformance cost is appraisal and prevention cost. Appraisal is 
evaluating the product for faults. Prevention is action to reduce or 
eliminate rework. 

vi) Support cost = % of total effort for customer support 
vii) Relative cost of software testing = (Testing effort / overall project 

effort)%, effort is calculated in man hours 
viii) Investment cost = The quantity of the project-related investment costs 

(training and initial tool usage problems) was obtained through a 
questionnaire where each developer estimated how much of the 
reported time they put on different activities (where training and 
initial tool usage problems where two of those) 

ix) Avoidable Fault Cost (AFC) = Determined by FST and the average 
estimated cost of finding a fault in a specific phase of the software 
life-cycle 

Time-to-Market 

Delivery time: 
i) Time to deliver (days, months, etc) 
ii) Time-to-market = The elapsed time between system conception and 

deployment 
iii) (Delivery date(days) – Contract Date (Days) / 30) 
iv) No. of validation cycles (code/test/re-code) before customers' 

requirements are met 

Cycle time: 
i) Project cycle time (days, months, etc) 
ii) Cycle time normalized by size 
iii) Project duration = Time of gating review that decides to release the 

project to the customer or market - time of gating review which kicks 
off the project 

iv) Relative integration time = (Integration time / overall project time) %, 
time is calculated in months 

v) X factor  = The amount of calendar time for the baseline project to 
develop a product divided by the cycle time for the new project 

Return-on-
Investment (ROI) 

i) Cost benefits ratio = Benefit / cost 
ii) ROI = Profit / Investment = (Throughput – Operation Expense) / 

Investment; Throughput = Value Output = Sales Price - Direct Costs  
iii) ROI = Cost of improved defect introduction - cost of action learning 
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initiative 
iv) R = I / (P * N), where R = number of months to regain the investment 

I, I = invested capital, P = price to correct an error, N = reduction in 
number of errors / month. 

v) Product sales revenue growth 
vi) Business value of software-process- improvement investment = value 

returned on each dollar invested 
vii) (Benefits - Cost) / Cost * 100% 
viii) Investment cost on project which has SPI initiative = Percentage of 

base staffing needed more for process improvement activities * no. of 
people * months * hours * cost/hour ($/hr) 

Customer 
Satisfaction 

Qualitative: 
Measured using survey (questionnaire / interview) 

Quantitative: 
i) No. of customer complaints 
ii) No. of post-release customer-reported defects 
iii) Average time to resumption of business 
iv) Changed ratio of customer request = (No. of actual changed request / 

No. of customer request) *100% 
v) Observation ratio of Acceptance Criterion (A.C) = (Satisfied A.C / 

Contracted A.C) * 100% 
vi) New Open Problems (NOP) = Total new post-release problems 

opened during the month 
vii) Total Open Problems (TOP) = Total number of post-release problems 

that remain open at the end of the month 
viii) (Mean) Age of Open Problems (AOP) = Total time post-release 

problems remaining open at the end of the month have been open / 
number of open post-release problems remaining open at the end of 
the month  

ix) (Mean) Age of Closed Problems (ACP) = Total time post-release 
problem closed within the month were open / number of post-release 
problems closed within the month 

Others 

Employee satisfaction: 
i) No. working hours per week 
ii) Employee turnover rate 
iii) No. of projects the employee works on in parallel 
iv) No. of expired vacation days 
v) No. of unscheduled work at weekends 
vi) No. of sickness days 
vii) Amount of bonuses 

Communication: 
i) Improved communication between customers and software engineers 

/ developers  
ii) Improved communication between users and software engineers / 

developers 
iii) Improved co-operation between quality assurance and the software 

engineers / developers 
iv) Improved organization communication 

Growth: 
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i) Operating profit growth 
ii) Innovation = Throughput New Product / Throughput * 100% 

(Throughput = No. of implemented idea) 
iii) Margin of sales 
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