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Zusammenfassung

Software Process Improvement (SPI) befasst sich mit der Verbesserung der Prozesse im
Software Engineering und ist daher ein wissenschaftliches Gebiet, welches oft untersucht
wird. Jedoch fokusiert sich die Mehrheit der SPI Forschungsarbeiten auf Erfolgsfaktoren
oder menschliche Aspekte. Konkrete Vorgehensweisen, wie SPI Projekte zu initiieren und
durchzuführen sind, werden jedoch kaum erforscht. Zudem ist meist unklar, wie effektiv
bestimmte SPI Vorgehensweisen, im Hinblick auf deren Umsetzung, sind.

In meiner Arbeit wurde eine systematische Literaturanalyse (SLR) durchgeführt um Krite-
rien, die die Güte von Prozessmodellen beschreiben, zu bestimmen. Basierend auf diesen
Kriterien wurde anschließend ein Bewertungsrahmen für Artefact-based Software
Prozessverbesserungsmethoden entwickelt, der die Güte von Prozessmodellen bewerten
soll.

Abstract

Software Process Improvement (SPI) deals with the improvement of processes in software
engineering and is, for this, a research area what is often investigated. However, the major-
ity of software process improvement (SPI) research aktivities are focused on success factors
or human aspects. Concrete approaches, how to initiate and perform SPI projects are rarely
researched. In addition, it is often unclear how effective certain SPI procedures are with
regard to realization.

In this work, a Systematic Literature Review (SLR) was undertaken to identify criteria for
evaluating integrity of process models. Based on this criteria, an evaluation framework
artifact-based software process improvement procedures was developed to evaluate the in-
tegrity of process models.
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Introduction

There are numerous companies in the automotive industry, electric, electronic and systems
business. All of them generate more than 50 percent of their sales with software products,
software systems or equipment with embedded software. Software is therefore an impor-
tant factor in production and contributes fundamentally the product success [Wal07a].

Furthermore, thousands of people are employed in IT and software development. They
work in projects which are enormously large and internationally distributed. This means
that software is a major key and success factor for companies dealing with time-to-market,
shorter lead times to gain a first-move advantage, high flexibility because of high require-
ments volatility, cost reduction and enabling innovations. For managing all human and
organizational aspects a well defined business and development process is essential and
needed [Wal07a, PW10].

“A focus on processes provides the stability and the management infrastructure required to
deal with the ever-changing and competitive market.” [MMACM12].

As Münch et al. [MAKS12] quoted the “Chaos Report", many projects fail because of not
achieving the given target or are challenged. Challenged projects have been indeed com-
pleted, but needed extensive additional effort and/or budget than planned. Lots of prob-
lems, occurred during the project execution, can be related to processes. For instance in the
area of project management, configuration and change management, and validation and
verification - all lack of indispensable processes. These problems result in risks, such as fi-
nancial or liability risks, risks of losing important customers or lack of reputation that, at
least, strains the organization with potential damage. In addition there is another more fun-
damental challenge. The lack of understanding of the relationship between processes and
their effects in concrete developments, e.g. the relationship between a specific test process
and the resulting reliability in the automotive domain.

According to Münch [MAKS12] et al. and Unterkalmsteiner et al. [UMG+12] there is a
widely accepted assumption about an existing relationship between process and product
quality.
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The product is visible to the customer. It is the what, that matters in the end. How this goal
can be achieved is represented by the process [CGM98]. As Fuggetta [FFM88] mentioned,
“[s]oftware development is a collective, complex, and creative effort. As such, the quality
of a software product heavily depends on the people, organization, and procedures used to
create and deliver it."

In figure 1.1 is shown that ad-hoc realization (quadrant 1) with low process quality often
leads to bad product quality, prone to defects. In contrast, investing in SPI promises high
process quality and mature software development processes (quadrant 3) thus lead to high
product quality. Quadrant 2 shows that high product quality ,while process quality is low,
can oftentimes be reached with excellent developers combined with overtime work and
enormous effort. But this not beneficial for organizations. With such conditions success of
developing high quality products is difficult to repeat and institutionalize. Furthermore,
these organizations have to deal with high personnel fluctuations, where experts leave the
company and organizational knowledge flows away with them. As Münch et al. [MAKS12]
quotes, mature software development processes hence “can be seen as a prerequisite for
high- quality software products.” Consequently can success be repeated more easily with a
good process quality and an understanding of the effects of processes in a specific develop-
ment environment.

Figure 1.1: Relationship between process quality and software product quality [MAKS12].

Definition 1.1 (Software Process):
According to Humphrey [Hum89], a software process is the “set of activities, methods,
and practices that are used in the production and evolution of software.”

With improved development and efficiency activities, organizations “can develop, maintain
and deliver high quality products, meeting business objectives (usually focused on quality
improvement and cost and time reduction) and obtaining a higher customer [and employee]
satisfaction.” [MMACM12, BF] Customers, nowadays, ask not only for qualitative products,
they require also quality in the services they receive. That means that companies deal not
only with deploying their software development processes, but also with satisfying the on-
going demand for better IT services [MMACM12].

Jones and Bonsignour [JB] listed 121 attributes for software quality and ranked them on a
scale from +10 (extremely valuable) to -10 (extremely harmful).“The rankings come from
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1 Introduction

observations in about 600 companies and 13,000 projects.” [Fra]. According to Fuggetta
[FFM88] research payed more attention to understand and improve the quality of software
in software development. This can be achieved through several techniques and approaches.
Because of the underlying assumption , that there is a relationship between software quality
and software process, one of the main directions in research is the study and improvement
of software processes.

Definition 1.2 (Process Quality):
According to Dikici et al. “Process quality determines the appropriateness of the processes
to the needs and expectations stated in the process definition.” [DTD12] Quality is affected
by certain quality attributes [Kan02].

In the literature we call the approach of improving the quality of processes Software Pro-
cess Improvement (SPI). According to Ravichandran and Rai [RR03] it “has emerged as an
important paradigm for managing software development.”

Definition 1.3 (Software Process Improvement):
Software Process Improvement in general is the set and repetitive activities of “changes
implemented to a software process that bring about improvements.” [OHK+89, SM10].

With the improvement of processes we need not only developments of structured program-
ming languages and design methods and principles. But also definitions of software lifecy-
cles, because they are related directly to processes. In the lifetime of software products, soft-
ware lifecycles define different stages, such as requirements specification, software design,
software development, testing and integration, rollout and maintenance. Furthermore, soft-
ware lifecycles also define guidelines and principles according to which these stages have
to be executed [FFM88, Bro12].

In the last years software life cycles, or software development models, in the field of soft-
ware development changed from rigid, linear process models, for instance the waterfall
model, which where split into inflexible phases to more agile and incremental ones. In ag-
ile development frameworks component based development is used. This leads to shorter
development durations and cycle times between single releases.

Definition 1.4 (Software Process Model):
A “[o]ne specific embodiment of a software process architecture.” [Hum89], or in short “[...]
a model [(description)] of a software process.” [MAKS12].

For the implementation of flexible, incremental process models we need clear, elaborated
concepts and a straight forward realization. For this, experts and managers are confronted
with the challenge of assessing processes, detecting weak points and finally deducing and
implementing improvement measures to make sure that these processes and practices work
efficiently and qualitative [Wal07a, PlGFF].
But, “[...] adopting a specific lifecycle is not enough to practically guide and control a soft-
ware project." [FFM88] Processes need to be continuously assessed and improved, because
they undergo refinements and changes to increase their ability of dealing with expectations
and requirements of stakeholders and the consumer market.
Process assessment is an important part of process improvement. Monitoring processes
can lead them to higher maturity levels. This enables a global understanding, a bet-
ter vision of the workload and, finally, a more consistent and repeatable work. Higher
maturity also improves technical skills of the staff and maximizes the use of technology
[FFM88, MMACM12].
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Definition 1.5 (Software Process Maturity):
Software Process Maturity is “The extent to which a specific process is explicitly defined,
managed, measured, controlled, and effective. Maturity implies a potential for growth in
capability and indicates both the richness of an organization’s software process and the con-
sistency with which it is applied in projects throughout the organization.” [WGW+93]

The aim of SPI is to reduce production costs and time-to-market, increasing the product
quality and reliability, employee and customer satisfaction as well as increasing productivity
of software development [UMG+12, PGP07, IN06].

“Software process improvement is a complicated, systematic, and highly professional activ-
ity in software engineering that requires theory and models, skilled technical and manage-
rial staff, as well as motivated top management commitment.” [WK].

For this, improvement methods and quality models have been developed.

Definition 1.6 (Quality Model):
According to Fuggetta [FFM88], “A quality model [...] defines the requirements of an ideal
company [...]." It is a reference model, that is used to assess the state of a company and the
degree to which improvements have to be achieved or are already achieved. One example
of a quality model is Capability Maturity Model (CMM) [CMU95].

Definition 1.7 (Improvement Method):
“An improvement method suggests the steps to be accomplished in order to improve the
quality of a software process." [FFM88] it carries out how the process of improving a process.
An example of an improvement method is ISO/IEC 15504 (SPICE) [FFM88, Wal07b].

Eduardo et al. [ELPC12] have already quoted the literature, that an implementation of SPI
mainly occurs growth and organizational improvement within a software company. It en-
hances company and employee productivity of software development with lesser develop-
ment time, better quality. It leads to client contentment and finally to organizational success
[SM10, PGP07].
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1 Introduction

1.1 Problem Statement

After introducing software process improvement is now the question How can the success of
SPI projects be measured?

According to Abrahamsson [Abr00] “Quality managers, change agents and researchers are
often troubled in defining and demonstrating the level of success achieved in software pro-
cess improvement (SPI) initiatives.”

The study of Dyba [Dyb05] investigated six key factors of success in SPI, that were confirmed
by Sulayman and Mendes [SM10]. These are:

1. Business orientation,
2. Involved leadership,
3. Employee participation,
4. Measurement,
5. Exploitation and
6. Exploration [Dyb05].

Business orientation is the extend to which SPI goals and activities are aligned with concrete
business strategies and goals. This was identified as one of the factors with the strongest
influence on the success of SPI.
Involved leadership is the extent of management commitment in SPI and has an strong
impact on its success.
Also employee participation was investigated as one of the factors with the strongest influ-
ence on SPI success. It is the extent to which employees use their experiences and knowledge
to decide and act and also take responsibility for SPI.
As fourth, measurement has a strong and highly significant correlation to overall success of
SPI. It is the extent to which quality data is collected and utilized to assess and guide the
effects of SPI initiatives.
Finally, exploitation of existing knowledge and exploration of new knowledge are two fun-
damentally different learning strategies. The results show, that success of SPI is positively
associated with these two learning strategies. How things are can force to move organizations
toward how things should be [Dyb05].

However, the issue of success is deemed to be problematic. Abrahamsson [Abr00] men-
tioned, there are two opinions in the research area of SPI. Some authors call for learning
from failures, while others call from learning from success. According to Unterkalmsteiner
[UMG+12], software measurement is a necessary part of every SPI program. For this, it
is essential in the improvement of software processes and products. The problem is, that
the SPI effort could be addressing the wrong issue, since if the process (or the result) is not
measured. Since that, undertaking of process measures could prove to be a difficult task.
Initiating even the simplest metrics programs which provides relevant and valid informa-
tion to support decision-making and information for managers about the state of their soft-
ware development practices, serious problems occur that faces companies. Abrahamsson
states, that any direct measure of success addressing one the five process success dimension
remains inadequate if other dimensions are not considered. The importance of these dimen-
sions also vary depending on the stakeholder who evaluates it [Abr00, UMG+12, IN06].

5



1.1 Problem Statement

Unterkalmsteiner et al. [UMG+12] inspected 148 research papers published between 1991
and 2008. The result is, that quality was most measured attribute with 62 percent of the
contributions. Cost could be find with 41 percent, followed by schedule with 18 percent.

Also Verhoef [Ver] quantified the effects of a large SPI program. They assess three basic IT-
metrics: function point size that counts the actually delivered functionality, time and costs.
Their results show, when it comes to interrater reliability, the function point countering prac-
tice is state-of-the art. As a second, they investigated actual costs for assessing the success
of a SPI-effort. According to Verhoef, improving costs over time is a sign of the successful
implementation of a SPI-program. Furthermore, software production productivity increases
when time passes. Verhoef assessed time series that compare estimates with actual values
over time for measuring duration [Ver]. Another metric that can be measured is defect den-
sity or the return on investment (ROI) in SPI [HLM11, GA06, ZP].

Of course, cost reduction and a high ROI on implementing SPI projects are an interesting
issues for research. But, the focus of this work is concentrated to process engineering and
not economic aspects. For this we are interested in criteria for evaluating the quality of
process models.

Not only technical issues of management and accuracy, such as costs, time and size have
been evaluated. SPI measurement programs also involve management practices, organiza-
tional culture and policy, stakeholder influence and resource allocation [IN06].

According to Unterkalmsteiner et al. [UMG+12], there is little agreement on what should be
measured. In addition, there is a lack of systematic and reliable measurement procedures.
This is regarded as a reason why SPI initiatives fail so often and are in 70% unsuccessful
[DTD12, IN06]. According to Abrahamsson, “there does not exist a universal framework
with which the success of a project could be measured and assessed." [Abr00] Furthermore,
analysis shows that these frameworks do not provide a comprehensive view from all rele-
vant stakeholders that are involved in SPI.

For this, Iversen and Ngwenyama [IN06] suggest baed on the evidence from their longitu-
dinal study, that the development, implementation and success of a measurement program
can benefit from a comprehensive proper framework. It could help to guide managers in
their work. A framework as blueprint for SPI projects can save much cost and time [IN06].

Since the beginning of the 90s the Software Engineering community has a special interest in
Software Process Improvement. This fact show the growing number of articles dealing with
SPI and the great number of standards for SPI, “such as CMM, CMMI, ISO/IEC 15504:2004,
SPICE (ISO/IEC15504:1998), ISO/IEC 12207:2004 and ISO 9001:2000.” [PGP07] and others.
According to Mesquida et al. [MMACM12] Capability Maturity Model Integration (CMMI)
and SPICE are similar the “two most internationally used SPI models (...)”.

CMMI, here as representative example of maturity models, is represented in five stages,
which are levels of process maturity for organizations. A collection of process capabilities
that largely focus on supporting process areas is defined for the first time in level 2. In Level
2, the project’s process is under the effective control of a project management system. Or-
ganizations with CMMI maturity level 4 and 5 are able to successfully use formal process
control metrics. With these metrics, they can provide measures of the effect of their SPI
projects. For this, there exist a conceptual software process framework used in CMMI. An or-
ganization establishes and maintains a set of software process assets, that are available for
use by the spi projects in developing, implementing and maintaining their defined software
process [WGW+93].
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1 Introduction

With every stage occur additional requirements for other increasingly sophisticated process
areas to the stages before. By undergoing an appraisal and improvement service, companies
can reach a maturity level by assessing their capability to operate. A, B and C are the three
classes of CMMI appraisal, while class A is most resource-intensive, most costly and time-
consuming appraisal. Findings about the organization’s capability will be reported, but only
class A can result in a publicity-reportable rating [SNJ+07, HLM11].

While CMMI is a good ability for companies to assess their processes, not all organization
adopt CMMI. Staples and et al. [SNJ+07] investigated reason why organization do not adopt
CMMI. The most frequent reason was the size of the company. It was too small, so it may be
that CMMI seems not being profitable for them. Other reasons are that CMMI is too costly,
the organization was using another SPI approach such as ISO 9001 or or the organization
has no time for the time-consuming assessment. An interesting reason for us was the reason
of not adopting CMMI, because of no clear benefit. [SNJ+07]

What we know from maturity models, they only assess existing processes. With the CMMI
services, organization can reach higher maturity levels of their processes, but nowhere is
mentioned how they can improve their processes for the next CMMI level. There is a lack of
code of practice for SPI approaches. In addition, there is also no measurement how effective
the SPI procedure is. Organization pay lots of money for assessing their processes and to
reach the next maturity level. They adopt CMMI without considering the effectiveness of
CMMI.

1.2 Contribution

The overall goal of this work is to develop a framework for evaluating software process
improvement procedures.

For this, evaluation criteria and their relationships have to be investigated by conducting a
SLR.

With these identified criteria and additional further expert material, we will create an eval-
uation framework that supports organizations in evaluating the success of their SLR ap-
proach.

The evaluation framework will exemplarily be verified by means of two variants of the V-
Model XT1

As main task of this work, we will conduct a case study with two variants of the V-Modell
XT.

1.3 Outline

Chapter 2 gives an overview of related work and fundamentals for conducting this study.

In chapter 3, we describe our research design for undertaking a systematic literature review.
We used further expert material, that will be introduced here.

In chapter 4, we present the results of the systematic literature review and discuss the results
found in the contributions. Then, we describe our second literature review and present the
investigated criteria and the contents of the framework, evaluating these criteria.

1 because of discretion commitment we will present only the result from quantitative analysis and no model
contents.
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1.3 Outline

Finally in chapter 5, we set the context to the artifact model for software process improve-
ment and management and analyze the results from the evaluation framework, that will be
discussed in the end.

Chapter 6 will complete this work with a summary and statement about future work.
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In this section, we discuss the fundamentals and work related to the thesis.

At first, I will give a brief overview of the current state of the art in research activities in the
area of process engineering related to SPI criteria and procedures.

After that, I will introduce and describe a selection of research methods applied in the pub-
lications found from the SLR and which were also used to create my own study. These
methods are case study (2.2.1), experiment (2.2.1), document review/analysis (2.2.2), mixed
methods (2.2.3), the Goal Question Metric Paradigm (2.2.4) and survey or interview (2.2.5).

Finally, in section 2.3 I will mention in which way these methods are used for developing
and conducting my own study.
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2.1 State of the Art in SPI

2.1 State of the Art in SPI

In this section we will have a look on related work in SPI.

The main tasks in software process improvement is to assess how well a project did and
what should be done as improvement in the future. Because of the wide range of data and
because of complicated relationships between them , this is not always easy. For this, von
Mayrhauser et al. [MCWO00] suggest to use production models (or Data Envelope Analy-
sis) to analyze object variable and their impact on efficiency. The study contains an identifi-
cation of relevant software production factors that have a major influence on characteristics
of the produced software. Then they identified relevant variables that relate to software
quality measures and efficiency of the production of software processes. Finally, transfor-
mation of resources into production outputs were modeled. They illustrate how production
models can be combined with other approaches for assessing and understanding software
project data. The developed approach is verified on a data set from the NASA-SEL database
consisting of 46 software projects [MCWO00].

Prakash deals with the lack of formal specifications of methods. Without a formal specifica-
tion, application engineers are free to interpret method concepts as they like. Accordingly,
there can be a dispute about their true meaning. The researcher attempts to represent meth-
ods independently of any underlying paradigm or way-of-work. He/she couples process
and product aspects of methods tightly to remove the process/product dichtonomy and
merpits extensibility of methods [Pra97].

Rainer and Hall [RH01] conducted a secondary study were they analyzed 39 publications
that report issues relating to SPI. The main issues are organizational stability and process
expertise, but several other specific issues are identified and discussed. In their study, the
researchers investigate how the specific and main issues relate to each other and how they
relate to software process improvement.

One of the important methodologies is software process assessment and improvement is
software engineering process benchmarking. Wang et al. conducted a survey to derive a
national benchmark of software engineering practices in the software industry in Sweden.
The Swedish national benchmark is then contrasted with the IBM European benchmark. In the
end, a new benchmark-based spi approach is proposed [WK].

The publication of Berry and Jeffery “reports on the development and validation of an in-
strument for the collection of empirical data on the establishment and conduct of software
measurement programs." [Ber00] To trial the instrument, a pilot study of 14 measurement
programs was carried out [Ber00].
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2 Fundamentals

2.2 Methods

In general, all empirical approaches can be divided into four categories:

• Hypothesis method. A theory will be developed to explain a phenomenon. Then a
hypothesis will be proposed and alternative variations of the hypothesis will be tested,
too. Data will be collected to verify or refuse the hypothesis.

• Treatment method. A solution to a hypothesis will be developed and tested. Based on
the results the solution will be improved until no further improvement can be done.

• Case Study and Experiment (confirmatory methods). As a means to validate a given hy-
pothesis a statistical method is proposed. There may not be a theory or formal model
describing the hypothesis. Just like the scientific model scientists collect data for veri-
fying the hypothesis.

• Analytical method. Results derived from a developed formal theory can be compared
with empirical observations [ZW98].

In the following we make a distinction between confirmatory and exploratory methods.

2.2.1 Confirmatory Methods

As confirmatory methods we distinguish between case study and experiment. By applying
a case study or an experiment one or more research questions will be answered completely
or partially [UMG+12] where it “adds to existing knowledge by being based on previously
established theory [...] or building theory." [RH08]. To evaluate attributes is a crucial part
on conducting an experiment and case study. In software engineering experimentation and
conducting a case stuyd can help to “[...] determine whether methods used in accordance
with some theory during product development will result in software being as effective as
necessary." [ZW98]. The collection and empirical analysis of data can be done on either the
development process, e.g. in the case of SPI, or the product itself [ZW98].

The Process. Zelkowitz and Wallace [ZW97] developed a taxonomy for software engi-
neering experimentation that describes 12 different experimental approaches. In the follow-
ing we will see the five steps according to Wohlin et al. [WRH+00]:

• “Scoping

• Planning

• Operation

• Analysis and interpretation

• Presentation and package" [WRH+00].

These process steps are used to conduct the methods case study, experiment and ..., that will
be described in the following.

Case study. According to Runeson and Höst [RH08] the three definitions of Benbasat et
al. [BGM87], Robson [Rob02] and Yin [Yin03] agree on that a case study is of empirical
nature and aims at investigating contemporary phenomena in their context. The purpose
is either exploratory and used as initial investigation of some phenomena deriving new
hypotheses and building theories [ESSD08], that means “finding out what is happening,
seeking new insights and generating ideas and hypotheses for new research." [RH08], or it is

11



2.2 Methods

confirmatory, used to test existing theories [ESSD08]. They offer an “in-depth understanding
of how and why certain phenomena occur [...]" [ESSD08].

A Case Study (CS) can be applied as comparative research methods or as a form of manipu-
lation. Used as comparative method, results will be compared by using one method. In the
second case, results were manipulated by using another approach.

Characteristics. Mostly at the expense of the level of control, case studies are conducted
in real world settings, therefore they have a high degree of realism. They are characterized
by a flexible design process, also called quantitative design study. That means that key pa-
rameters of the study may be changed during the course of the study. In a case study, a
project, or more precisely a certain attribute, will be monitored by researchers and qualita-
tive data, involving words, descriptions, pictures and diagrams etc., will be collected from
multiple sources over time that may characterize that attribute, derived from a specific and
clearly defined goal for the project. It is a precondition for conducting a case study to for-
mulate a clear research question used to derive a study proposition.

Often similar data from a class of projects will be collected to build a baseline. The base-
line is then used to represent an organization’s standard process for software development.
Sometimes, a single case is sufficient for the investigation, but is then a critical (extreme or
unique) case for testing a well-formulated theory [ZW97, ZW98, RH08, UMG+12, ESSD08].
Study objects can be either “1) private corporations or units of public agencies developing
software rather than public agencies or private corporations using software systems; [or] 2)
project oriented rather than line or function oriented; and 3) the studied work is advanced
engineering work conducted by highly educated people rather than routine work." [RH08].

Runeson and Höst [RH08] see multiple case studies as field studies. They usually offer a
greater external validity [ESSD08]. They also notice that a case study will never provide
conclusions with significance. But, in contrast, a strong and relevant conclusion will be
reached by linking together “many different kinds of evidence, figures, statements [and]
documents." [RH08].

Experiment. “A controlled experiment is an investigation of a testable hypothesis where
one or more independent variables[, called factor, [ZW97]] are manipulated to measure
their effect on one or more dependent variables." [ESSD08]. With controlled experiments,
researchers are able determining “in precise terms how the variables are related and, specif-
ically, whether a cause-effect relationship exists between them. Each combination of values
of the independent variables is a treatment." [ESSD08]. An experimental unit or subject is
each agent that is been studied and for what data is collected on.

“The goal of an experiment is to collect enough data from a sufficient number of subjects,
all adhering to the same treatment, in order to obtain a statistically significant result on the
attribute of concern, compared to some other treatment." [ZW98].
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2 Fundamentals

2.2.2 Exploratory Methods

Document Review/Analysis. Document review or analysis is a procedure of the grounded
theory methodology. According to Glaser and Strauss [GS99] grounded theory is “the dis-
covery of theory from data - systematically obtained and analyzed [...]."

It is a general method for text analysis and provides researchers with relevant interpreta-
tions, explanations and applications. The approach of grounded theory is used to structure
raw data or for the formulistic use of analysis steps, e.g. keywords in context.

Grounded theory was developed as a qualitative method that combines two data analysis
processes. It is used to convert qualitative data into a rough quantifiable form for testing a
hypothesis or generating theoretical ideas with new categories, hypotheses and interrelated
hypotheses.

Within the framework of data analysis, strategies like coding are used in the first process.
Further strategies are open sampling, targeted sampling or discerning sampling. After the
data have been coded the codes will be analyzed systematically to verify or prove a given
proposition. In the second process the data will be inspected for properties of categories.
For this, the researcher uses memos to track the analysis and develops theoretical ideas
[Sea, BH09, WM06, CS].

Canons and Procedures. In the following, we will briefly introduce the canons and pro-
cedures of grounded theory approach.

These are:

1. The processes of data collection and analysis are interrelated. Data will be collected
unless the questions or areas of observation prove to be irrelevant during analysis.

2. The basic units of analysis are concepts. Incidents, events and happenings from the
data collection were labeled conceptually with codes as indicators of phenomena.

3. Concepts are grouped to categories by comparison for similarities and differences.
Categories must be related to form a theory.

4. Sampling proceeds on theoretical grounds in terms of concepts, their characteristic,
variations and dimensions.

5. Analysis will be done by constant comparison.
6. Looking for patterns of regularity and variations assist with integration and gives or-

der to the data.
7. The process must be built into the theory, because of several meanings in grounded

theory.
8. Writing theoretical memos is an integrated part of grounded theory. Code notes of first

impressions, in form of memos, were produced during the process of coding and then
related to the formulation of theory and its revision.

9. “Hypotheses about relationships among categories are developed and verified as
much as possible during the research process." [CS].

10. The researcher need not work alone. Discussing with collegues helps getting new
insights and increases theoretical sensitivity, as well as guarding against bias.

11. Broader structural conditions, including economic conditions, another cultural values,
trends and movements must be brought into the analysis [CS].
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2.2 Methods

2.2.3 Mixed Methods

At the design of mixed methods (MM) research, also called multi-method research [OR12],
an “investigator collects and analyzes data, integrates the findings, and draws inferences us-
ing both [monomethod designs [TT06], which are] qualitative [or] quantitative approaches
or methods[,] in a single study or program of inquiry." [CTBP07].

According to the Methods-Strands Matrix of Teddlie and Tashakkori [TT06], a typology of
research designs featuring MM, there exist two types of MM designs. The one are Mixed
Methods Monostrand designs. These designs involve only one strand of a research study
and are, hence, the simplest ones of the MM designs. They include both, qualitative and
quantitative components. With this design one type of qualitative or quantitative inference
is made and only one type of data is analyzed. Because of this, Teddlie and Tashakkori
labeled these designs as quasi-mixed methods.

The second type, Mixed Methods Multistrand designs, are the most complex ones of the
designs. All of them contain “mixed methods and at least two research strands." [TT06]. In
sum there are four of these designs, considered to be the most valuable and which are fami-
lies of designs. These are Concurrent Mixed Design, Sequential Mixed Designs, Conversion
Mixed Designs and Fully Integrated Mixed Designs. Based on other design criteria, e.g. pri-
ority of methodological approach, several permutations of members of these families may
be. For more information on the families of designs I refer to the literature. In the following
we will see an example approach for MM.

MM Research Approach. The design for mixed-methods research can be conducted ac-
cording to the evolutionary research method by O’Leary and Richardson [OR12]. This ap-
proach was designed as advised by Franz et al. [Fra86]. It conducts two or more research
methods in one project and uses triangulation between methods and the data to allow more
plausible interpretations to emerge.

The five stages are:

1. Analysis of the current domain knowledge by conducting a literature review and ex-
pert opinion workshops.

2. Conducting a case study
3. Conducting an academic comparative analysis to develop a process framework, col-

lecting data on and comparing it to another process.
4. Evaluating the process model by a systematic evaluation.
5. Data source triangulation of the research results with the use of multiple information

sources.

In the subsections before we have seen several methods for collecting and analyzing data.
Before searching for data we have to ask ourself what data we would like to analyze. In our
case we are looking for metrics and procedures for SPI. Now the question is "How to define
metrics?"

Data can already be available or either be defined for the purpose of the study. In the case
where the question is what data, most suitable for the research question under investigation,
have to be collected can be done with a goal-oriented measurement technique [RH08].

In the following I will introduce the Goal Question Metric (GQM) method which is a good
technique to answer the question how metrics can be defined.
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2 Fundamentals

Definition 2.1 (Metric):
A metric, or measure, is a “variable to which a value is assigned as the result of measure-
ment." [Wag13]

2.2.4 Goal Question Metric

The GQM Paradigm is used as top-down approach to precisely identify what metrics to
measure or as bottom-up approach for analyzing, interpreting and justifying collected data.
Thirdly, GQM enables also an assessment of the validity of a drawn conclusion by an explicit
rationale. With the top-down approach goals were formulated at first. Based on these goals
follows the refinement of questions. Finally, metrics were derived based on the questions.
The bottom-up approach analyzes carefully applied software practices. Improvement goals
were selected derived from the analyzes of collected data and measurements support the
management of improvement activities.

The final objective of GQM is the improvement of products and processes [DHL, vSB99, Bas,
RH08].

Principles for GQM-based Measurement Programs. Planned and performed measure-
ment programs based on GQM should follow five principles.

These principles are:

• By using a detailed measurement plan analysis tasks that should be performed must
be specified explicitly and precisely.

• Based on goals and questions, metrics must be derived in a top-down approach.

• Metrics must be at the basis of an explicitly documented rational. “The rational is
embodied in the series of questions [...][and][...] is used for justifying data collection
and for guiding data analysis and interpretation."[DHL].

• To support the interpreting of the data subject to the assumptions and limitations be-
hind the rational, collected data must be interpreted in a bottom-up way.

• Stakeholder perspectives must be involved in the process of definition and interpreta-
tion of measurement goals [DHL].
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Figure 2.1: The GQM model hierarchical structure [Bas]

There are three ways of performing the GQM Paradigm. For development a GQM plan the
techniques goal templates, GQM abstraction sheet and product- and process-oriented GQM
plans can be used [DHL].

We used the approach described by Basili et al. [Bas] to perform GQM. The structure of this
approach is shown in figure 2.1. The structure consists of three levels. The top level is the
conceptual level where the goals are defined. The middle level is the operational level. Here
you can find the set of questions used to characterize the way the assessment of a specific
goal will be performed. Finally the lowest level contains the set of data associated with ev-
ery question [Bas].

2.2.5 Survey

The characteristic of a survey is that it is an exploratory and comparative method. It is a
comprehensive research method to gather standardized information about phenomena “to
describe, compare, or explain their knowledge, attitudes, and behaviour." [Fin03]. Informa-
tion can be collected directly by asking people in form of questionnaires, by reviewing lit-
erature or indirectly by examining documentations (written, oral or visual) of thoughts and
actions of people. Data can be quantitative and/or qualitative and subjective (concerning
opinions, preferences and attitudes) and/or objective (demographic information e.g. age
or education), collected by conducting questionnaires or semi-structured interviews (via
telephone or face-to-face). Further kinds of surveys are open-ended and closed questions,
participant observation and data mining exercises.

Surveys can be supervised assigning one researcher to each respondent or administered to
a group for elaborating instructions or clarifying questions. The survey can either be semi-
supervised, where the researcher just explains the objective and format of the survey and
then leaves the respondent alone for providing information on their own. Or the survey is
unsupervised, that means that the questionnaire is mailed to selective respondents or pub-
lished online with notifications in forums or social networks.
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People in the case of SPI are customers of the organization or targeted employees affected
by the process improvement initiative.

The purpose of a quantitative survey is to produce statistics of some aspects of the studied
population. Though, generally information will by collected only from a fraction of the
population, rather than asking every member of the population [KP08, Fin03, UMG+12,
PK01, Rob02, Sea].

“Gathering information from customers, on the other hand, can provide insight on 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, relia-
bility, usability, correctness, efficiency, and interoperability [39], which otherwise would be
difficult to evaluate." [UMG+12].

Seven stages for Undertaking a Survey. In the following we will see the main activities
needed to be considered.

These are:

• Setting specific and measurable survey objectives

• Selecting the most appropriate survey design

• Developing the survey instrument (i.e. a questionnaire or checklist)

• Preparing and evaluating the survey instrument for reliability and validity

• Obtaining valid data by administering and scoring the instrument

• Analyzing the collected data

• Reporting the results [KP08, Fin03, PK01].

2.3 Summary

In this chapter, we presented a brief overview of the current state of the art in research
activities in the area of process engineering related to SPI criteria and procedures.

Afterwards, the methods of case study (2.2.1), experimentation (2.2.1), document review/-
analysis (2.2.2), mixed methods (2.2.3), the Goal Question Metric Paradigm (2.2.4) and sur-
vey or interview (2.2.5), used in this study, were described.

The method of document analysis/review is used to investigate the publications from the
SLR. With this approach we were able to get an overview about characteristics and proce-
dures for evaluating the integrity of process models in the area of SPI.

As a whole work we used a mix of methods to conduct a study for SPI.

The GQM approach was made to gather metrics for an additional literature review.

In the end an evaluation framework in form of a generic questionnaire was developed to
investigate the two cases of the V-Modell XT. The way in which the questionnaire was built
will be described in more detail in chapter 4 in the section 4.3.
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Research Design

In this section, we will give basic information how to gather and structure information.

The overall research design with the procedure of data collection and analysis will be de-
scribed.

For this, we will explain the steps of undertaking a systematic literature review.

Afterwards, we will explain our data analysis procedure with the harmonization process
and the 2-staged voting process. Furthermore, the approach of paper coding used to analyze
in-depth the collected publications will be introduced.

Finally the further expert material, used as second input for the development of an evalua-
tion framework, will be described.
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3.2 Systematic Literature Review

3.1 Overall Description

Our approach of collecting, analyzing and interpreting data is a mix of methods (2.2.3),
mentioned in chapter 2.

The design of the study is structured in the same way as described by Runeson and Höst
[RH08]. In the following we define our research questions and describe how we selected the
case. Afterwards we describe the data collection procedure and the analyzing approach.

For the data collection a SLR is conducted according to the publications of Kitchenham [Kit]
and Kitchenham et al. [KPB+09].

After the collection of all research literature, the data sets will be cleaned up and harmo-
nized. From the refined final data set a randomly selected number of 50 papers were chosen
for the analysis process. This subset then will be reviewed by the approach of document re-
view/analysis (2.2.2). We analyzed the papers for research methods used for their author’s
study and attributes, investigated and evaluated by conducting these methods.

The attributes and methods found from the publications are listed and combined to cate-
gories in a separate spreadsheet. With this intermediate result we were able to built classes
of areas and could map the categorized attributes to a certain area in the field of SPI, in
which these attributes are settled and measured.

Than the final outcome of the SLR could be interpreted and, according to this result, a final
statement can be given in 4.1.

As second input for developing the evaluation framework, further expert material was pro-
vided. This expert material, in the form of questionnaires, comes from research projects and
maintenance projects, as well as student projects in lectures from the chair of Software &
Systems Engineering.

3.2 Systematic Literature Review

For providing a SLR the research design is designed by a combination of methods described
in [KPB+09].

3.2.1 Research Questions

Before starting to formulate research questions, the overall goal of the study and the problem
statement in he selected research area, with the call for necessity of conducting a SLR, must
be clear. In our case we aim to investigate literature, published over more than 30 years, for
identifying criteria and methods used to evaluate SPI. The outcomes from the SLR aim to
lay to foundation for defining a set of attributes to measure SPI in various dimensions. Of
special interest are the criteria used to evaluate SPI (attributes), and the methods applied to
determine those criteria. For this, the SLR aims to answer the following research questions:

To answer these research questions a SLR was conducted. The purpose of this research
method is to to gather all evaluation criteria, SPI approaches and methods for evaluating
these approaches that contributes SPI.
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RQ 1 Which criteria where identified to evaluate artefact-based SPI? We investigate criteria
(or KPIs) used to determine the effects of SPI.

RQ 2 Which methods are used to determine the identified criteria?
We analyze the methods appield to determine the criteria (values), an relate
them to classes of criteria in order to work out pattern, which can be used to de-
fine proper measurement approaches for SPI projects.

3.2.2 Case Selection

In the following we describe the procedure in which way we selected the cases. Upon de-
termining the overall topic software process improvement approaches and experiences, we
held a workshop were we collected related keywords by the creativity technique Brainstorm-
ing [Rei07]. In the second step the collected keywords were classified to the research criteria
lifecycle, techniques, optimization, reference model, experience, software process model and software
process improvement. With this classification general search strings were created and logically
combined. All general search strings are listed in table 3.1. Afterwards we combine these
general search strings to our final search strings (table 3.2) which we use for our search in
several literature databases.

Before using the final search strings from table 3.2 we validated them in test runs on Google
Scholar1. Our expectation on the search was a collection of numerous contributions related
to the search context and a considerable overhead as outcome. Afterwards, all collected data
sets have to be filtered by filter queries, based on our inclusion criteria, that narrows down
the problem.

3.2.3 Data Collection Procedures

As mentioned in 3.2.2, with the technique of brainstorming we collected keywords of most
common terminology in a list and grouped them into categories like lifecycle, techniques, op-
timization, reference model, experience, software process model and software process improvement.
Within these categories we designed general search strings containing all keywords, logi-
cally combined by conjunction and disjunction. To get more precise results form the SLR we
considered different spelling of words, e.g. life-cycle, lifecycle and life cycle.

To get relevant publications in the context of software processes and software process im-
provement we combined all search strings from S1 to S8 with S9 and S10.

In table 3.2 you can find all combinations of all general search strings for building final
search strings, that were used for a full-text search in several literature databases.

The automated full text-search was undertaken in the databases ACM Digital Library, Springer-
Link, IEEE Computer Society Digital Library, Wiley, Elsevier (Science Direct) and IET Software.
These are established literature databases which are most appropriate in the process engi-
neering domain, according to research experiences of the chair in the past. Each result set
from the database was exported as BibTeX file, converted into the form of CSV, and was
then transferred in a spreadsheet where all data sets could be filtered automatically. In the
end of the data collection process, we had one spreadsheet for each database and, for this,
collected results separately in accordance to the database. We had to do this, because the
content information of the search results is different in each database.

1 http://scholar.google.de/
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3.2 Systematic Literature Review

The sum of all results built the basis of the filter procedures and the in-depth analysis.

3.2.4 Definition of General and Final Queries

Based on the classification of keywords we could define ten general search strings. Table 3.1
lists all combination of the brainstormed keywords.

Search String Addresses . . .

S1 (life-cycle or lifecycle or life cycle) and (manage-
ment or administration or development or descrip-
tion or authoring or deployment)

software process management: gen-
eral life cycle

S2 (life-cycle or lifecycle or life cycle) and (design or
modeling or modelling or analysis or training)

phases of the software process’s life
cycle

S3 modeling or modelling or model-based or approach
or variant

process modeling

S4 optimization or optimisation or customization or
customisation or tailoring

process customization and tailoring

S5 measurement or evaluation or approach or variant
or improvement

general measurement ans improve-
ment

S6 reference model or quality management or evalua-
tion or assessment or audit or CMMI or Capability
Maturity Model Integration

reference models and quality man-
agement

S7 SCAMPI or Standard CMMI Appraisal Method for
Process Improvement or SPICE or ISO/IEC 15504
or PSP or Personal Software Process or TSP or Team
Software Process

reference models and assessment
approaches

S8 (feasibility or experience) and (study or report) reported knowledge and empirical
research

S9 software process and (software development model
or process model)

context definition: software process

S10 SPI or software process improvement context definition: software process
improvement

Table 3.1: Search strings used as basis for our search queries.

After defining general search strings follows the combination of all search string from S1 to
S8 with the search strings S9 and S10. The result of this step are the final search strings in
table 3.2.

3.2.5 Definition of Filter Queries

When conducting a full-text search we expected a considerable number of contributions
within the resulting papers, that include some overhead. Because of this, there was a need
of filter queries to reduce the sets by duplicates and publications that are out of scope for
the research area. Hence, we designed a search tree that contain our inclusion criteria. With
the left path in the tree we aim to find all contributions in the field of SPI that deal with
approaches, practices or addresses the management. The right path of the tree presents
another inclusion criteria for papers. Here we aimed at finding reports of experience or
reports that analyze feasibility in the context of SPI.

According to our inclusion criteria, we defined filter queries shown in table 3.3. This filter
queries are used to filter the abstracts of the initial result set. Unfortunately, not all databases
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Combination of search strings Final Search strings in words

S1 and (S9 or S10) [(life-cycle or lifecycle or life cycle) and (management or ad-
ministration or development or description or authoring or
deployment)]
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S2 and (S9 or S10) [(life-cycle or lifecycle or life cycle) and (design or modeling
or modelling or analysis or training)]
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S3 and (S9 or S10) (modeling or modelling or model-based or approach or vari-
ant)
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S4 and (S9 or S10) (optimization or optimisation or customization or customisa-
tion or tailoring)
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S5 and (S9 or S10) (measurement or evaluation or approach or variant or im-
provement)
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S6 and (S9 or S10) (reference model or quality management or evaluation or
assessment or audit or CMMI or Capability Maturity Model
Integration)
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S7 and (S9 or S10) (SCAMPI or Standard CMMI Appraisal Method for Process
Improvement or SPICE or ISO/IEC 15504 or PSP or Personal
Software Process or TSP or Team Software Process)
and [(software process and (software development model or
process model))
or (SPI or software process improvement)]

S8 and S10 [(feasibility or experience) and (study or report)]
and (SPI or software process improvement)

Table 3.2: Final search strings for database search.
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export the abstracts for their papers. For this, we were not able to filter the data sets of the
databases ACM Digital Library and SpringerLink in this way. Thus, the data sets were filtered
manually during the following voting process.

Filter Query

F1 (SPI or software process improvement) and (approach or practice or management)
F2 (SPI or software process improvement) and report and (feasibility or experience)

Table 3.3: Filter queries for the harmonization process.

3.2.6 Analysis Procedures

The first step of the analysis procedure is the preparation of the initial data sets from the
database search by an harmonization process. The second step is a two-staged voting pro-
cess where the collected data will be prepared for the final in-depth analysis.

Harmonization. After the data collection we expected contributions that occur multiple
times in the data set. Firstly, the data set has to be cleaned up by eliminating duplicates. We
did this step at first within the spreadsheet of a single database and then comprehensively
across all databases. As a second, all data sets that contain abstracts were filtered by the filter
queries F1 and F2 from table 3.3. For this, the data sets were filtered again. By applying the
filters, we could expect that our final result set contains papers, that address the inclusion
criteria. During this process of harmonization we also removed contributions that are not
from software engineering and conference papers followed by journal articles. In the end,
we merged the spreadsheets of all databases and cleaned the final result set for duplicates
again.

To verify the harmonization process tag clouds were created and analyzed. One tag cloud
bases on the author keywords that can be find in every paper and that are exported by the
data base as content information in the four data bases IEEE Computer Society Digital Library,
Wiley, Elsevier (Science Direct) and IET Software. Figure 3.1 shows an example of such a tag
cloud. We can see that it contains keywords related to the studied field. In conclusion, we
can say that our final result set contains publication that contribute SPI.
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Figure 3.1: Tag cloud of author keywords
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Voting. To classify the papers as relevant or irrelevant we performed a two-staged voting
process. At first, the spreadsheet was prepared for the voting. The spreadsheet contains
meta data, an paper ID an the citation-key, and content information e.g. authors, paper title,
abstract and year. The spreadsheet was modified by an additional column containing the
attribute relevance. The first voting stage is an individual voting. Each of the two researchers
got one column for an independent decision. The task is to identify relevant papers and vote
them with binary numbers. For each paper in one row the cell in the column is filled either
with one (1), if the contribution is evaluated as relevant, or with zero (0), if it is evaluated
as not relevant. When both researchers agree on the contribution, it is finally marked with
two (2). That means the contribution is automatically in the set of contributions for further
investigation. If it is finally rated with zero (0) the contribution is excluded and eliminated
from the result set. If a contribution is marked with 1, that means the researchers have to
discuss the evaluation in a second voting. The criteria for the voting were on one hand, the
title of the contribution and on the other hand, the abstract regarding the filter queries.

The second voting aims at considering contributions that were not finally decided in the first
stage. The goal of the second stage is the agreement on contributions that are relevant for
the in-depth analysis. For this, the researchers read through the abstracts and discuss the
certain contribution in several workshops. After striking an agreement it will be decided
whether to include the contribution in the result set.

The analysis procedure will continue with the in-depth analysis.

3.2.7 In-depth analysis

As in-depth analysis procedure we used the document review/analysis from the grounded
theory, described in 2.2.2.

This procedure bases on the process of paper coding. Paper coding is a strategy for extract-
ing values for quantitative variables from qualitative data. The process of coding transforms
qualitative data into quantitative data. This is done in order to perform some type of quan-
titative or statistical analysis [Sea]. In our case we will investigate the papers for evaluation
procedures and criteria used in SPI initiatatives. For this, we selected 50 contributions ran-
domly from the final result set, that are evaluated as relevant.

All 50 papers were reviewed and coded. Because we were looking for methods and criteria,
we used the codes M for methods, e.g. case study, document review, systematic literature
review and so on. Criteria like reliablity, functionality, defect density etc. were coded with
C for criteria.

In the end all methods and criteria, related to certain papers, were allocated in an additional
spreadsheet. We assigned an item with 1, if it exists in the paper. After that, we mapped
all criteria to the categories performance, organization, quality, cost, context, model and product.
Also the methods were coded. Codes related to methods are shown in table 4.2.

In the end of this procedure a matrix of criteria categorized to targets and classes were
matched to the methods used in the papers.
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3.3 Further Expert Material

After investigating and analyzing research literature the first part for the development of an
evaluation framework is done. The second part will be further expert material, in form of
questionnaires, used as additional input for the development process.

All further expert material can be found in appendix B. The material comes from research
projects and maintenance projects, as well as student projects in lectures from the chair of
Software & Systems Engineering.

Questionnaire V-Modell XT Evaluation (Public Administration) was developed to investi-
gate the application of the V-Model XT in the authorities’ practice with an analysis, evalua-
tion and improvement. The goal of this questionnaire is to gather data that give information
about the application of the V-Model XT in the authorities’ environment. For the devel-
opment of the questionnaire the GQM Paradigm was used. The study considered two core
issue. For the first issue, the researchers would like to know what context factors are neces-
sary for a successful application of the V-Model XT. Secondly, what effects does appliance of
the V-Model XT (VMXT) have. Based on this two main goals, questions were derived from.

The second questionnaire, V-Modell XT Evaluation (BORKOR), addresses evaluation of the
application of a customized V-Modell XT. The goal of this questionnaire is to identify prob-
lems with the application of this customized V-Modell XT and determining improvement
potentials. The questionnaire consists of three categories:

• Meta data according to the person and the process

• Area process model that addresses the exported documentation of the V-Modell XT

• Area product templates that addresses exported product templates, e.g for reporting

Questionnaire Artifact-based RE Improvement and KPIs concerns the evaluation of the
overall artefact-based RE improvement approach (ABREImp), i.e. the workshops performed
to define the new RE reference model of an industry partner of the chair.

The fourth, questionnaire V-Modell XT Evaluation (BNetzA), addresses also the evaluation
of the application of the customized V-Modell XT BNetzA. The goal of this questionnaire
is to identify problems with the application of the V-Modell XT BNetzA and determining
improvement potentials. The questionnaire consists of same three categories like the second
one (meta data, area process model, area product templates).

The questionnaire V-Modell XT Evaluation (Public Administration - Code Book) evaluates
experiences in the handling of the V-Modell XT in the daily routine of projects.

Questionnaire number six, Artifact Model Evaluation (GloBuS), addresses also the evalua-
tion of the application of the customized V-Modell XT BNetzA. The goal of this question-
naire is to identify problems with the application of the V-Modell XT BNetzA and determin-
ing improvement potentials. The questionnaire consists of same three categories like the
second and fourth one (meta data, area process model, area product templates).

The last two questionnaires are exercise material from the lecture Vorgehensmodelle im Soft-
ware Engineering from the winter term 2011/2012. Software Process Modeling Course (1)
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was the questionnaire in accordance to exercise 12 of the exercise sheet 7.1 and question-
naire Software Process Modeling Course (2) from the exercise sheet 7.2, according to the
exercises 13 and 14.

3.4 Summary

In this chapter we presented the overall description of the research design. We introduced
the literature review method SLR, that was used to conduct this study. We presented our
research questions and described the selection of the case. Then our data collection proce-
dures was described in detail and the databases, that we used for the literature search, were
mentioned. We defined our general queries and the combination of them to final queries,
used for the database search. After the data collection, it was described in which way we
cleaned and filtered the result set and our filter queries were defined. Then we explained our
data analysis procedure with the harmonization and voting process and how we used pa-
per coding for our in-depth analysis of the contributions. Finally, we described what further
expert material was used as additional input for the research design.
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Results

In this chapter we will summarize all results from the Systematic Literature Review and
the further expert material in the form of questionnaires. Afterwards the main work of this
thesis, an evaluation framework for artefact-based SPI procedures, will be created.

We will show and discuss that the results from the SLR produce no satisfactory results. With
the SLR we hoped to be able determining quality metrics and approaches in the area of pro-
cess models. To hold the output from the SLR in a manageable manner we chose a random
number of papers for the further steps of the document analysis. In this selection our ex-
pectations were disappointed, because of missing statements for process models. For this,
we had to rework the literature research with the snowballing approach to find acceptable
results in other publications. This process and its approach will be described in detail.

Fortunately, we could find criteria for measuring process model quality. We will classify
these criteria according to the type of evaluation. The criteria, that can be verified manually,
will then be used to create a questionnaire.

For this, we will describe the structure of the questionnaire in detail and will constitute
which question from the questionnaire addresses what criteria.
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4.1 Systematic Literature Review

4.1 Systematic Literature Review

In chapter 3 the approach of a SLR used in this study was described. After the collection
of data by a full-text search in several databases duplicates were eliminated and the data
sets were purged by inclusion and exclusion criteria to filter out contributions that are out
of scope for the investigated domain. Based on these preliminary results from a 2-staged
voting process was performed to classify the papers as relevant or irrelevant for further in-
vestigation. From the results of relevant papers a randomly number of publications were
selected as representative subset. Afterwards the papers were investigated through an in-
depth analysis using the paper coding approach. All criteria and methods described in the
subset were identified through this process and collected in a spreadsheet. All attributes
found in the literature were classified to the category classes shown in table 4.1. These cat-
egories, in turn, were also clustered to classes, called targets. The overall criteria candidates
and classification can be found in appendix A from A.1 to A.4.

Code Target Categorization Class

P Performance Time
Effectiveness/Efficiency
Productivity

Q Quality Number of Problems
Number of TestCases
Non-Functional
Quality
Precision
Customer
Stability

M Model and/or Product Model/Product Properties

C Cost Cost

CTX Context Personnel
Knowledge
Compliance
Environment
Awareness

Table 4.1: Classes and Categories

We also counted the number of criteria that we could found in the specific target, related to
a certain method. In table 4.2 we see a matrix of targets and classes matched to the methods
used in the papers from where we could find the particular criteria. This gives us a broad
overview about methods used in certain areas of SPI and criteria, to be precise, classes of
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criteria address by these methods.

Table 4.2: SLR Results

The most interesting column for this study is M - Model and/or Product. As we can see
in table 4.2 there exist only a number of 14 criteria attributes for the applied method case
study. These criteria come from the publication of Canfora et al. [CGP+06]. In their work
they present results from the Framework for the Modeling and Measurement of Software
Processes (FMESP) collected in a software company for development and maintenance of
software for information systems. “The aim of FMESP is to provide companies with a con-
ceptual and technological framework for the management of their process models and mea-
surement models in an integrated way" [CGP+06]. After describing the FMESP a case study
at the company Cronos Iberica is introduced. All software processes at Cronos were rep-
resented by using the Software & Systems Process Engineering Metamodel Specification
(SPEM) [Obj08]. The software measurement models were defined and two work products
were chosen for measurement as the most relevant, because Crono’s main professional activ-
ity is the development of database applications. For this, Canfora et al. chose the conceptual
and the logic data model and present them by using entity/relationship diagrams and rela-
tional database schemas. The definition of metrics was performed by an analysis based on
the definition of direct metrics, defined on the domain metamodel which represents the soft-
ware entity, furthermore indirect metrics, calculated by applying a measurement function
on other direct or indirect metrics, and finally indicators, obtained by applying an analysis
model also on other direct and/or indirect metrics. The results of this analysis is referenced
in appendix A in table A.1 as well as in the tables A.2 and A.3.

As we can see from the results of the SLR our sample of 50 publications contains only one
paper with 14 criteria for the target Model and/or Product. Unfortunately, the outcome of
the publication of Canfora et al. [CGP+06] results in direct and indirect metrics, defined on
the E/R meta model and functions calculating numbers of relationships in an E/R diagram,
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and indicators obtained by applying an analysis model. We cannot figure out any criteria
for the integrity of process models, what was the purpose of this study.

As an outcome of the SLR we can make the statement that our representative subset gener-
ates no result of apt metrics for process models. In conclusion we make the assumption that
there exist no criteria for the integrity of models. That means we found a research gap on
what we can focus on now in more detail.

4.2 Further Expert Material

In this section, we will describe in which way further expert material contributes the devel-
opment of the evaluation framework.

The goal of the first questionnaire,V-Modell XT Evaluation (Public Administration), is the
evaluation and data acquisition that gives information about the application of the V-Model
XT in the institutional practice. Because the researchers used the GQM Paradigm for the de-
velopment of the questionnaire, we used this questionnaire as input for performing our own
GQM application. It is a good example and orientation, in which way goals and questions
can be formulated.

The questionnaire V-Modell XT Evaluation (BORKOR) was developed to evaluate the appli-
cation of a customized V-Model XT. As mentioned in section 3.3, the questionnaire consists
of three categories: Meta data, the Area process model and the Area product templates. The
structure of his questionnaire gave us the biggest input for our evaluation framework. Our
questions are formulated in accordance to this. We also use the Likert scale as evaluation
type.

The Evaluation of Artefact-based RE Improvement and Quality Indicators, we took the evaluation
of the artefact-based RE reference model (ÒABREÓ) as input for developing questions evaluat-
ing a process model. The questions refers to the area Model Evaluation (absolute).

The structure of the questionnaire evaluating the V-Modell XT BNetzA gave an strong input
for our questionnaire. The areas Bereich Prozessmodell und Prozessdokumentation and Bereich
Produktvorlagen are a good basis for the development. Also the layout was recopied.

Questionnaire V-Modell XT Evaluation (Public Administration - Code Book) gave us input
for the area meta data and for scaling types.

The questionnaire Artifact Model Evaluation (GloBuS) looks the same as the questionnaire
V-Modell XT BNetzA, and was, for this, also integrated in our questionnaire.

The both exercise materials from the lecture Vorgehensmodelle im Software Engineering, Soft-
ware Process Modeling Course (1) and Software Process Modeling Course (2) provides input
for the area tool support.

All of the further expert material can be find as input for the questionnaire in appendix C.

4.3 Initial Synthesis and Construction

According to our results from 4.1 our sample of 50 papers from the SLR we cannot make a
statement for methods and metrics in the area of process models.

In the following we will analyze the results of Canfora et al. [CGP+06] and explain why
they not suffice for the development of evaluation framework for process models.

Canfora et al. present in their publication results and lessons learned in the application of
the Framework for the Modelling and Measurement of Software Processes (FMESP) in a

32



4 Results

software company. The aim of this work was providing companies with a conceptual and
technological framework for the management of their process models and measurement
models in an integrated way.

Canfora et al. [CGP+06] evaluated the conceptual and the logical data model as a result of
two small projects with regard to the application of FMESP. Then, the investigated metrics
from above were calculated automatically with the tool GenMETRIC [GRCP03].

For the measurement models of E/R diagrams direct metrics (A.1), indirect metrics (A.2)
and indicators (A.3) were used.

Direct metrics: number of entities, number of simple attributes, number of composite
attributes, number of derived attributes, number of M:N relationships, number of 1:N rela-
tionships (including 1:1 relationships), number of binary relationships, number of N-Ary (no
binary) relationships, number of IS A relationships (generalization/especialization), num-
ber of reflexive relationships

Indirect metrics: total number of attributes in an E/R diagram (considering the entities
and relationships attributes), total number of relationships in an E/R diagram (without con-
sidering IS A relationships)

Indicators: entity maintenance indicator (ratio of attributes and entities of the diagram),
diagram connectivity indicator (ratio of relationship and entities of the diagram), diagram
inheritance indicator (ratio of inheritance relationships and total number of relationships,
including inheritance), N:M relationship indicator (ratio of N:M relationships), Relationship
complexity (this indicator represents the ratio of N-Ary relationships)

From the research perspective’s point of view the lessons learned as a result of the utilization
of FMESP allowed the researchers to confirm the importance of the following aspects.

• “Rigorous definition of the software processes as a prerequisite for their evaluation and
improvement.

• Effective and integrated representation of the measurement process related information by
means of a suitable metamodel based on a consistent terminology, given the diver-
sity of process-related entities that are candidates for measurement.

• Application of the measurement process not in an isolated way, but integrated in the context
of evaluation and improvement of software processes by identifying the relevant entities
which are necessary to measure and registering the results obtained in a homogeneous
and consistent way.

• Suitable software tools to automate and manage the software processes in order to pro-
mote their improvement. The FMESP application has allowed the researchers to refine
the developed software prototypes" [CGP+06].

Conceptual and the logical data models are necessary to illustrate software processes and
analysis of relationships between entities. With the FMESP application, the complexity of
software processes can be evaluated based on an E/R diagram.

In our case, the aim of this work is to evaluate an artifact-based process model, such as
the V-Model XT. The V-model XT, for instance, bases on a XML schema, is supported by
tools and exports an process documentation. For this, direct and indirect metrics, as well as
indicators does not help to develop and artifact-based evaluation framework for software
process improvement procedures that should measure the structure of process models.
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Because of this fact, it was necessary to conduct a literature review again in the form of the
Snowballing Process 4.3. [Woh14], [Gro07]

Because of this we had to change our focus to quality metrics for process models in general.

Before creating search queries wu used the approach of GQM to define goals for further
development of questions and selection of metrics.

The main goals and resultant questions for identifying metrics can be found in table 4.3.

Goal 1 Measuring the integrity of process models Metric

Q1 What characteristics describe the integrity
of process models?

Literature Review

Q2 In which way can integrity of process models be measured? analysis of the
methods found
from the SLR

Goal 2 Identifying improvement goals Metric

Q1 In which way can quality be measured? analysis of the re-
sults found from
the SLR

Q2 How can structure be measured?

Table 4.3: The GQM Model.

Based on the goals and questions in 4.3 we derived search keywords from and performed
an additional database literature search on Google1. Our search strings for the additional
search were formulated as written in the following table 4.4.

Strings Additional Search strings in words

A1 Güte AND Evaluierung AND Kriterien
A2 software AND metric AND model
A3 software AND metric AND quality model

Table 4.4: Additional Search Strings for database search.

The Snowballing Process

As mentioned in 4.3 there was the need of performing an additional database literature
search on Google2. The procedure in the second literature review is similar as the SLR in the
first two steps. It begins also with the phase of the case selection and data collection. The
difference in this process is, at first, the brainstorming of search keywords according to the
technique of GQM. Keywords were also combined to search queries for data base search.

1 www.google.de
2 www.google.de
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The second difference is that the outcome of the data base search in no BibTex- or CSV-file.
Because the search was done via Google3, the publications can be reviewed separately and
directly. The first review of the literature occurred online to identify publications as relevant
or not. When I decided that a publication is relevant followed an more detailed review. This
more detailed review of the publication contains a backward citation searching for gathering
more publications, and for citing from the original source.

Then follows the analysis approach in three stages. After the data collections, an in-depth
analysis of the relevant literature for criteria of integrity of process models followed in stage
one. As we know from the SLR and as our result from the sample showed us, the number
and content of publications with criteria for integrity of process models are rare. Because of
this fact, I used criteria for software quality, that occurred from the second literature review,
and adopted them in the case of process models. To get a valid result in adopting criteria of
software product quality, there was the need of two consolidation steps.

For the first consolidation, all criteria were collected in a spreadsheet. In the first consolida-
tion of stage one, all criteria were refined. The first result of this stage are 11 publications
that contain 37 criteria. After the refinement of the first result, 30 criteria remained for the
second stage.

Based on the literature, the 30 criteria from the first stage were clustered to aspects (areas) of
evaluation in the second stage. These areas of evaluation are model professionalism, model con-
formity, model validity, model design and model documentation. Additionally, all criteria were
enriched by definitions and measurements that can be found in the glossary of appendix
A. Finally in the second stage follows the second consolidation. In this second consolida-
tion all clustered criteria were classified into top-level criteria and sub-criteria. From this
perspective we were able to determine by what sub-criteria a top-level criteria is expressed.

In the last stage of the second literature review, all criteria were determined as automati-
cally and/or manually verifiable. Then, all automatically and/or manually verifiable crite-
ria were labeled with acronyms. All criteria and acronyms can be found in table 4.5.

The acronym CA is for criteria that can be verified automatically, CM for criteria that can be
verified manually and CAM lables criteria that can be verified in both ways, automatically
and/or manually.

After the classification in top-level criteria and sub-criteria and the labeling of them, we cre-
ated a network to visualize the relationships between them. Because we made a distinction
between manually and automatically verifiable criteria, the network containing all criteria
can be divided into two sub-networks.

Table 4.5 summarizes all characteristics found from the literature. The results address goal
1 Measuring the integrity of process models with question Q1 What characteristics describe the
integrity of a process model? from the GQM model in table 4.3.

Afterwards the glossary A from appendix A extends table 4.5 with methods (see item Input)
with which the investigated characteristics can be measured. This glossary addresses ques-
tion Q2 from table table 4.3 In which way can criteria of integrity of process models be measured?.

The graph 4.1 contains the overall properties investigated through the secondary literature
review.

After showing all criteria in one graph, follows the division in the two sub-networks. Graph
4.2 contains all criteria that can be evaluated automatically and graph 4.3 the criteria that
have to be evaluated manually.

3 www.google.de
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Acronym Criteria

CA1 Ability to Achieve Consensus
CA2 Consistency
CA3 Granularity
CA4 Redundancy
CA5 Reuseability

CM1 Ambiguity
CM2 Appropriatenes
CM3 Completeness of Realization
CM4 Consistency between Model and Documentation
CM5 Expressiveness
CM6 Implementability
CM7 Learnability
CM8 Level of Abstraction
CM9 Minimality
CM10 Readability
CM11 Simplicity
CM12 Structuredness
CM13 Tailoring Adaptability
CM14 Tool Support
CM15 Understandability

CAM1 Analyzability
CAM2 Compliance
CAM3 Connectivity
CAM4 Evolution Adaptability
CAM5 Expandability
CAM6 Generalizability
CAM7 Interoperability
CAM8 Modularity
CAM9 Replaceability
CAM10 Seclusiveness
CAM11 Stability
CAM12 Validity

Table 4.5: Criteria for Evaluating the Integrity of a Process Model.
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4 Results

Figure 4.1: relationship between all properties

The Evaluation Framework. The evaluation framework consists of two parts. The first
part will evaluate the automatically verifiable criteria. Automatically verifiable criteria need
to be evaluated in different ways.

Validity can be measured by a structural validity check (e.g. XML schema validation). Con-
sistency can be evaluated by coupling. Coupling measures how well two model components
are data related, i.e. how independent they are. It is the degree of independence between
modules [YC79]. Compliance can be evaluated by analytical determination, according to a
conformity program, by mapping of model contents directly between models and processes
at an established joint and method neutral consolidation basis for consistency reliability
[KTF09].

Determination to what extent de facto standards are considered and what supported the
model development measures the ability to achieve consensus. That means if the process of
building consensus took place, and what functional inputs served the model development
(e.g. data model, schema integration of application object models with expert consultation,
identification of use cases with Joint Application Design (JAD)) [KS].

The criterion granularity can be measured by “comparing models made from 1-second ver-
sus 1-minute data. Compression of temporal data by arithmetic mean, therefore, can be an
effective method for decreasing knowledge discovery processing time without compromis-
ing learning." [Ver]. Reusability can be measures by correlation of complexity/size [Fle].

Logic complexity and control structure are measured to evaluate strucuredness [Fle, Bas].
And finally, redundancy can be measured by “[...] clone detection approaches, e.g. clone
count, for process-representation-based similarity on syntactic similarity." [Wag13]

To measure all criteria automatically verifiable would go beyond the scope of this master
thesis. Because of this, we will only demonstrate an example of automated evaluation by a
consistency check.

The second part of criteria must be evaluated manually. For this, we created a questionnaire
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Figure 4.2: relationship between all properties
convenient for automated evaluation

Figure 4.3: relationship between all properties
convenient for manual evaluation

in which manually verifiable criteria will be measured by the evaluation of two respondents.

In the following paragraph we will see what questions address what criteria and how the
questionnaire is built-on.

The Questionnaire

The questionnaire exists of two parts. The first part is a self assessment for one single process
model. The second part is used as comparative assessment where a model can be compared
with another one. The self assessment is subdivided into five areas. The first one is the
area Meta Data. Here, personal information of the respondent, the process model used for
the evaluation and his/her experience with the model are requested. Table 4.6 contains all
questions of this area.

No. Question Further Information Type

1.1 Participant (Name) Open
1.2 What processes and version did you use? Open
1.3 What export of the process documenta-

tion did you used?
Closed (SC)

1.4 Did you use the product templates gener-
ated from the process?

Closed (SC)

1.5 Did you get a process specific training? Closed (SC)

Table 4.6: Area meta data.

The second area examines the absolute model evaluation. The questions from this area (ta-
ble 4.7) evaluate the model in general and addresses the criteria understandability, appro-
priateness, readability, structuredness, level of abstraction, consistency, expressiveness and
comprehensibility, connectivity in form of ability of components to communicate with oth-
ers, modularity for easily reconfiguring model components and interoperability - the ability
of a model to interact with other models.

The third area evaluates the process model and process documentation. The questions from
table 4.8 evaluate criteria like learnability that mirrors the learning effort of the user, struc-
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No. Question Further Information Type

2.1 The model is complete. Likert
2.2 The model is understandable. CM15 Likert
2.3 Is the model concise. CM2 Likert
2.4 The model gives a good overview about

all essential elements and their relations.
CM10 Likert

2.5 The model is well structured. CM12 Likert
2.6 The content structure is self-explaining. CAM10 Likert
2.7 The level (degree) of abstraction of the

model is appropriate.
CM8 Likert

2.8 The model content is free of contradic-
tions.

CA2 Likert

2.9 The model allows for flexibility. Likert
2.10 The model contains ambiguity. CM1 Likert
2.11 The model is correct with regards to con-

tents.
CM2 Likert

2.12 The naming of artefacts ist understand-
able.

CM5 Likert

2.13 Relationships between artefacts are cor-
rect with regards to contents.

CAM3 Likert

2.14 All required extensions to a given model
could be completely realized.

CAM5 Likert

2.15 Modularity was considered sufficiently. CAM8 Closed (SC)
2.16 It was clear to me how to use the inter-

faces, without loss of consistency of the
integrated model.

CAM7 Closed (SC)

2.17 Wich parts of the model would you like
to extend?

CM2 Open

2.18 Wich parts of the model would you like
to reduce?

CM2 Open

2.19 Wich additional contents would you like
to add to the model?

CM2 Open

2.20 Do you have further comment? (free
text)

Open

2.21 What school grade would you give for
the model (overall assessment)?

Closed (SC)

Table 4.7: Area Model Evaluation (absolute).
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turedness of the model, minimality of structures, consistency between model and documen-
tation, and replaceability of model components.

Area four deals with tool support. Here will be evaluated how easy the user could use the
tool, with what the model is realized. The questions (table 4.9) address the criteria simplic-
ity, tool support, tailoring adaptability, completeness of realization, implementability and
validity.

The fifth area evaluates product templates. It will be evaluated how easy the user could
understand and use these templates.

As mentioned before, the questionnaire contains two evaluation parts. Area one to five
belong to the self assessment in part one. The second part is a comparative assessment that
evaluates a model relatively to the approaches used so far. The whole area addresses the
criterion evolution adaptability and question 1.10 in table 4.11 the criterion compliance of
the model content to other models.

4.4 Summary

In this chapter we presented the results of the systematic literature review described in sec-
tion 3.2 of chapter 3. The results from the further expert material were also presented. In
section 4.3 we explained why the result of the SLR was not useful for our study and that
there was a need to perform a second literature review. The preparation for this second lit-
erature review was done by the Goal Question Metric technique. We described the process
of data collection, analysis and consolidation and presented the result in form of 30 criteria
for integrity of process models. Then we visualized all criteria in a network of relationships
between them. Finally construction of the questionnaire of the evaluation framework was
described and explained what questions of the questionnaire addresses what criterion.
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No. Question Further Information Type

3.1 The export is clear and all essential in-
formation is easily accessible.

Likert

3.2 The export is easily accessible for per-
sons not familiar with the process model
("outsiders").

CM7 Likert

3.3 The overall process is clearly repre-
sented and gives a good overview of all
essential elements.

CM12 Likert

3.4 The export allows for straightforward
inspection of releationships between
process elements and the identification
of consistency violations.

Likert

3.5 The scope of the process model is satis-
fying.

CM9 Likert

3.6 The number of the roles is appropriate. CM2 Likert
3.7 The scope of the process artifacts is sat-

isfying.
Likert

3.8 The level (degree) of abstraction of the
process artifacts is appropriate.

CM8 Likert

3.9 Relationships between process artifacts
and roles are clearly represented.

Likert

3.10 The scope of the activities (tasks) is sat-
isfying.

Likert

3.11 The level (degree) of abstraction of the
activities (tasks) is appropriate.

Likert

3.12 The process documentation is consistent
with the process model.

CM4 Likert

3.13 Replaceable process parts could be
properly designed and realized.

CAM9 Likert

3.14 The process model is a meaningful rep-
resentation of the target domain and ful-
fills the functional requirement.

Likert

3.15 Wich parts of the process documenta-
tion would you like to extend?

CM2 Closed (SC)

3.16 Wich parts of the process documenta-
tion would you like to reduce?

CM2 Likert

3.17 Wich additional contents would you like
to add to the process model?

CM2 Likert

3.18 What actions would recommend to meet
these demands?

Likert

3.19 What school grade would you give for
the process model (overall assessment)?

Closed (SC)

Table 4.8: Area Process Model and Process Documentation.
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No. Question Further Information Type

4.1 The used tool is intuitively applicable
and the approach of process modeling is
straightforward.

CM11 Likert

4.2 I was immediately familiar with the tool
and could instantly use all necessary
functionality for the realization of the
designed process elements.

CM14 Likert

4.3 The tool was useful to realize the de-
signed model.

CM14 Likert

4.4 If not, why? Open
4.5 The used tool was useful to realize the

model with little overhead.
CM14 Likert

4.6 I was aware about the consequences
of the taken realization decision at any
time.

Likert

4.7 All required tailoring profiles could be
completely realized.

CM13 Likert

4.8 The process documentation could be
created for the respective context.

Likert

4.9 I could completely realize all designed
elements of the modeled overall process.

CM3 Likert

4.10 I could realize all roles. CM3 Likert
4.11 I could realize all artefacts. CM3 Likert
4.12 I could realize all realationsships be-

tween artefacts and roles.
CM3 Likert

4.13 I could realize all activities (tasks). CM3 Likert
4.14 According to the designs in the realiza-

tion concept, I could completely realize
the overall process.

CM6 Likert

4.15 I could export the model at any time. Likert
4.16 The used tool was straightforward and

all requirements could be realized.
CM14 Likert

4.17 I could identify/easily check consitency
problems at any time.

CAM1 Likert

4.18 If I had the choice I would coose the
same tool.

Closed (SC)

4.19 Why? Open
4.20 I could realize all process requirements. Likert
4.21 What process requirements were not

completely realized?
Open

4.22 What would be necessary to realize
missing/incomplete requirements?

Open

Table 4.9: Area Tool Support.
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No. Question Further Information Type

5.1 All product templates are completely re-
alized.

Likert

5.2 The product templates are clear and all
essential information is easily accessible.

Likert

5.3 The product templates are easily accessi-
ble for persons not familiar with the pro-
cess model ("outsiders").

Likert

5.4 The product templates allow for direct in-
spection of releationships to further prod-
ucts and the identification of consistency
violations.

Likert

5.5 Which parts of the product templates
would you like to extend?

CM2 Open

5.6 Which parts of the product templates
would you like to reduce?

CM2 Open

5.7 Which additional contents from the pro-
cess would you like to add to product
templates?

CM2 Open

5.8 What would be necessary to realize miss-
ing/incomplete requirements?

Open

5.9 What school grade would you give for
the product templates (overall assess-
ment)?

Closed (SC)

Table 4.10: Area Product Templates.
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No. Question Further Information Type

1.1 The model simplyfies the communica-
tion between stakeholders (project part-
ners and contracting party).

Likert

1.2 The model simplyfies the collaboration
between stakeholders (project partners
and contracting party).

Likert

1.3 The model simplyfies the data exchange
between stakeholders (project partners
and contracting party).

Likert

1.4 The model is more felxible than ap-
proaches used so far.

Likert

1.5 The model is better structured than ap-
proaches used so far.

Likert

1.6 The model is better suitable for tool sup-
port than approaches used so far.

Likert

1.7 The model is more complete than ap-
proaches used so far.

Likert

1.8 The level of abstraction in this model is
higher than in approaches used so far.

Likert

1.9 Taken as a whole, the level of abstraction
in this model has advantages compared
to approaches used so far.

Likert

1.10 The used terminology is more consistent
than in approaches used so far.

CAM2 Likert

1.11 The level of abstraction of relationships
is higher than in approaches used so far.

Likert

1.12 Taken as a whole, the level of abstraction
of relationships has advantages com-
pared to approaches used so far.

Likert

1.13 What school grade would you give
for the model in comparison with ap-
proaches used so far (overall assess-
ment)?

Closed (SC)

Table 4.11: Area Model Evaluation (relatively to the approaches used so far - comparative evaluation
only).
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Application and Validation

In this section we will set the context to ArSPI, an artifact model for software process im-
provement and management. For this, we map criteria from chapter 4 to certain process
artifacts of the model.

Based on this results, we will refine the evaluation framework. We will discuss what abilities
a process engineer has to evaluate processes in the context of SPI.

Then, we explain the validation and analysis procedure for the artifact-based evaluation
framework and present our results. Finally, we will discuss the results and will give the
final statement.
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5.2 Setting the Context

5.1 Introduction

Software processes are very complex today, because projects are done in different appli-
cation domains. They are distributed globally and beyond company boarders and involve
people with different cultures. With an increasing complexity, there is an increasing demand
for structuring and implementing software processes in a systematic manner. To satisfy this
demand, software process models provide a blueprint of relevant artifacts, roles and activ-
ities. They also support entities which are necessary to implement a particular software
process [KDK13].

According to Kuhrmann et al. [KDK13] there are two major strategies to design a software
process. The first one is a acitivity-based strategy, that is concentrated on activities. Activities
and methods will be analyzed and the software process will be defined on the basis of the
behavior of project teams. The second one is an artifact-oriented strategy that is concentrated
on artifacts.

In this work, we focus on artifact-based process models, like the V-Model XT. Because such
process models are oriented on artifacts and results, with an artifact-based process models
all stakeholders of a project know at any time, who has what do and when [Bro12, Xt]. For
this, the ArSPI was developed as equivalence for software process improvement projects.

5.2 Setting the Context

A software process improvement initiatative is a project in which a process or a specific
process asset is improved or developed. Like in a software project, a SPI project realizes
certain process requirements.

A SPI project is also, like a software project, divided into phases. In figure we see an
overview of the respective life cycle of a SPI initiative [Kuh13].
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Figure 5.1: SPI life cycle phases [Kuh13].
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5.3 Refining the Evaluation Framework

Analysis. In the analysis phase the actual process with its process documentation, that
shall be improved, is analyzed to determine the current state of practice. Process goals and
process requirements have to be determined at the end of this phase.

Conceptualisation. In this phase, a software process, to be improved, is designed by de-
scriptive process modeling techniques. A first prototype can be created, depending on the
selected process development environment. Drafts of the process will be created without
concrete technical implementations.

Realization. In the realization phase a creation approach will be defined. It contains a se-
lection of concrete modeling environments and tools. It can also contain a realization plan,
“which is tailored in order to implement, deploy and test the process using [a] selected tech-
nique." [Kuh13] Moreover, the requirements and designs are refined for implementation. In
addition, a realization and quality assurance plan is created.

Deployment In this phase, a certain process release or a specific change of an existing process
variant will be rolled out. Furthermore, an process evaluation of the process by using e.g.
process assessment is recommended.

All phases recur in several iterations, including feedback loops [Kuh13].

“From the perspective of a process engineer (PE), the actual process is the one that reflects
the current style of working in a project [...]." [Kuh13]. The PE organizes and manages a
particular SPI project.

During the conception phase the process engineering team have to get familiar with the
potentially new process engineering framework and the corresponding tools. This contains
a first considerations regarding the process infrastructure. As the whole process and its
environment will be designed. This usually requires a fully instantiated artifact model.

If a variant will be created in a software process line (SPL), the process engineer has to figure
out which operations are available and ÒallowedÓ during the realization phase. Usually,
SPLs have certain conformance constraints. For this a SPL-Delta report or several assessments
have to be created.

In the deployment phase, the PE decides which export of the documentation has to be pro-
vided, selects the required tools and their version etc. for the process release. In addition,
he/she crosschecks the respective requirements.

The PE checks whether the artifacts are complete after the artifact modelÕs instantiation.
He/she should also track the project flow where quality issues can occur [Kuh13].

In which way created artifacts can be evaluated by a PE will be described in the following
section.

5.3 Refining the Evaluation Framework

As we have seen in 5.2, a process engineer is responsible for the organization and manage-
ment of a particular SPI project. He/she evaluates artifacts by assessments, such as process
requirements, developed during the process life cycle. Furthermore, the PE creates the SPL-
Delta report in the case of variant development in a software process line. In the end, he/she
check whether the process release contains all documentations, tools and training material
[Kuh13].
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An evaluation framework would help the PE performing his/her tasks. With an evaluation
framework, the PE would have guideline for the evaluation of developed process artifacts,
that leads him/her through the whole process life cycle.

The ArSPI model is also concentrated on artifacts, that should be produced in every SPI
project. The five key artifacts of ArSPI are:

• Process Requirements

• Conceptual Process Design

• Technical Process Design

• Process Life Cycle Support

• Process Release [Kuh13].

Process requirements contain all requirements of the process to be improved or developed.
They influence the “processÕs conception, the technical design, and also the planning-
related tasks, e.g. delivery, measurement, or training." [Kuh13] In the conceptual process
design, a conceptual non-technical design will be created based on the all non-technical re-
quirements. All technical requirements will be translated into the technical process design.
The process life cycle support contains all definitions and descriptions of processes to support,
e.g. the process development, deployment or training etc. Finally, the outcome of a SPI
project is the process release.

According to the ArSPI model there are also complementing artifacts, e.g. artifacts for (gen-
eral) project management and quality management. They contribute to a SPI project and to
an overall software process management. Quality assurance tasks assign all artifacts and
process assets to a test specification and test protocol. Test specifications and protocols that
will be created are defined in the quality assurance manual (QA Manual). The emphQA Man-
ual contain quality assurance methods and defines the criteria for a good process quality,
including definitions, metrics, templates etc. In addition, scheduled measures for the re-
spective artifacts are defined in quality assurance plan.

Quality management processes are based on QA-related artifacts. These are:

• Process Assessment: addresses conformance and compliance and refers to the mea-
surement and evaluation strategy in the process life cycle support documentation

• Conformity Assessment Report: refers to the measurement and evaluation strategy in
the process life cycle support documentation

• SPL-Delta Report is declared in the technical process design

• Metric Catalog (incl. Metric): includes the definition of metrics and the measurement
in the projects

In figure 5.2, we see an overview of the SPI life cycle with the five key artifacts, as well as the
evaluation artifacts of the quality assurance. Based on our glossary A we can map the artifacts
of the ArSPI model to the criteria.

Process requirements have to be valid, consistent, unambiguous and free of redundancy etc.
Consistency can be verified automatically and validity automatically and manually. Redun-
dancy must be verified automatically, while ambiguity must be verified manually.
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In addition to the process requirements, a quality assurance task is to develop a metric catalog.
The metric catalog contains initial definitions, which metrics and KPIs are of interest to be
measured with regard to project- and process performance. For this, performance will be
verified automatically.

Process life cycle support contains all definitions and descriptions of processes. For this, it has
to fulfil the same criteria like the process requirements.

As part of QA the process assessment are evaluation activities regarding, e.g. process perfor-
mance, and in special cases, compliance or conformance are proven to customer require-
ments or certain standards. Compliance can be verified manually and/or automatically.
Conformance, as top-level criteria, is expressed by interoperability and compliance. Inter-
operability can also be verified manually and/or automatically.

Furthermore, referring to the measurement and evaluation strategy, the process assessment, that
addresses conformance or compliance, is conducted and documented in a conformity assess-
ment report. For this, the conduction of the assessment can be done manually or automati-
cally.

Criteria that addresses the the conceptual process design and technical process design are flexibil-
ity, granularity, stability, minimality, expandability, simplicity and so forth. Granularity has
to be verified automatically, minimality manually, expandability can be verified automati-
cally and/or manually and simplicity has to verified manually. Flexibility is the top-level
criteria and is expressed though the other sub-level criteria. For this, it will be verified by
them.

Conformity of a process variant will be checked in a SPL-based setting and explicitly doc-
ument changes will be reported in a SPL-Delta Report. A conformity check, can be done
manually and/or automatically.

The Process Release contains all relevant process assets and tools, as well as the training ma-
terial. Everything has to be collected and appropriately configured [Kuh13]. For this, the
process release has to be complete, containing all necessary sub-artifacts. Completeness is
expressed by appropriateness and minimality, that both have to be verified manually.
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Figure 5.2: Evaluation of artifacts based on the ArSPI model [Kuh13].
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5.4 Validation

In this section we will describe the procedure with which we analyzed the results of the
consistency check and the results of the questionnaire. We will see the results from the
questionnaire as net chart and bar chart. In the end, we will discuss the results and give a
final statement for the evaluated quality of each process model.

5.4.1 Case Description

We chose two process models for the appliance of the artifact-based evaluation framework,
that was developed in this work. One is the V-Modell XT BNetzA 1.0. This VMXT is an
adapted version, especially designed for the needs of the Bundesnetzagentur. It is an evolu-
tion of the V-Model XT BNetzA 0.9. The VMXT BNetzA is a merge of the V-Model XT 1.3
from the year 2009 and the V-Model XT Bund 1.0 form the year 2010, that are used as basis
for the development of the adaption.

The second one is the V-Modell XT ZIVIT version 1.0. This VMXT is also a is a merge of the
V-Model XT 1.3 and the V-Model XT Bund 1.0, developed to satisfy the demand of the Zen-
trum für Informationsverarbeitung und Informationstechnik (ZIVIT).

These two adaptions of the VMXT are used to perform the evaluation framework.

At first we demonstrate a consistency check of the two models as reference for an automated
evaluation. The V-Model XT offers the function "Konsistenz prüfen" in the V-Model XT Editor.
For this, the consistency check could easily be done.

Then, we apply the questionnaire for the manually evaluation. The questionnaire was re-
sponded by two experts. For each VMXT, one questionnaire was responded. So in the
end, we had a sum of 4 answered questionnaires, two as representation of the V-Modell XT
BNetzA and two as representation of the V-Modell XT ZIVIT.

In the following we will introduce our analysis procedure.

5.4.2 Analysis Procedure

As we can see in 4.3, we use open and closed questions, including selective choice as special
variety of closed questions. Open questions are questions that are used to get more infor-
mation about the respondent him-/herself, his/her practice or experiences. The respondent
replies in a free text form in certain text field. These answers cannot be analyzed systemat-
ically, they have to be reviewed manually. For this, closed questions are easier to analyze
and were shown up in the questionnaire as majority. The closed questions can be replied
by a Likert scale or as selective choice, e.g. average grade or decision for “yes", “no" or “not
sure". The Likert scale ranged from “strongly agree" to “strongly disagree". In sum, there are
eight shades of opinion, that proceed from agreement to disagreement.

For the systematically analysis of the results we wanted to know the answer of the respon-
dents in an overall result for each closed question. All closed questions have to be answered
with one cross (“X") in the allocated cell of opinion or choice. It was possible to leave the
row out, in the case the respondent cannot answer a question.

In the analysis approach, we compared the answers for one and the same model. We
counted all questions that were answered by both experts, irrespective if some were left
out. For each cell were a cross was made, we marked the answer in an result row with one
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(“1"), and zero (“0") if there was no cross for this opinion shade. Then we calculated the
sum of both respondents for every opinion and choice. For this we were able to analyze the
overall result of this question and could built net charts and bar charts.

A net charts and bar charts can be created to analyze the results of closed questions in form
of Likert scale. For creating these charts it is necessary to map numbers from zero to seven
to the eight shades. The mapping can be seen in table 5.1.

Strongly
agree

Agree
more

Agree Somewhat
Agree

Somewhat
Disagree

Disagree Disagree
more

Strongly
disagree

7 6 5 4 3 2 1 0

Table 5.1: Mapping to seven shades.

Finally, we built also an overall result of the manually verifiable criteria, that were addressed
by certain questions. If an criterion occurred multiple times in the questionnaire we calcu-
lated the median and took this as average for an overall answer.

5.4.3 Results

We analyzed every area in the questionnaire, except the area Model Evaluation (relatively to the
approaches used so far), because this is an comparative assessment. All results can be viewed
in the following.

Automatically Verifiable Criteria

After processing the consistency check for the V-Model XT BNetzA we found 245 conflicts
in sum. In comparison, we found 15 conflicts in sum in the V-Model XT ZIVIT. All conflicts
are listed in table 5.2. The attribute Criterion consists of the rule and the conflict.
As we can result from table 5.2 none of the both models are consistent. The VMXT BNetzA
lack two times of missing cardinalities and 124 times of missing values for a certain attribute.
In 118 cases, there is a reference to an id, but the id does not exist. In one case is a link broken.
The VMXT BNetzA suffers also from missing values in all of 15 consistency violations.

In summary, the automatic checks for consistency revealed several consistency violations.
However, of these, no critical violation in terms of being able to export and deploy a process
variant could be identified. Nevertheless, the issues found in this analysis point to improve-
ment potential. For this, the automatic consistency check provides process engineers with
information about the (technical) model quality, or the quality of the realization of the model
respectively.
Further findings from the analysis are: The majority of the consistency violations are caused
by the reference model. The automatic analysis thus allows for also identifying the source
within the model tree causing problems. LIkewise, improvement measures can be scoped
accordingly. As a second observation we found the used analysis alogorithm making no
difference between critical and non-critical violations. Hence, process engineers have to
walk through the results, and have to judge every item individually. From this, we can also
derive an improvement proposal: The analysis algorithm should support a classification of
found issues.
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Model No. Criterion

V-Model XT BNetzA 1 CardinalityCheck, Kardinalität des Links version
nicht im Intervall [1,1].

2 CardinalityCheck, Kardinalitä des Links id nicht im
Intervall [1,1]

3 - 80 EmptyValueCheck, Kein Wert für Attribut version.
81 EmptyValueCheck, Kein Wert für Attribut

Version_intern.
82 - 126 EmptyValueCheck, Kein Wert für Attribut version.
127 - 234 InternalRefIdCheck, Id # existiert nicht - es wird

aber darauf verwiesen.
235 InternalLinkCheck, Link “SW-Einheiten|oder"

endet vor Wortgrenze.
236 - 245 InternalRefIdCheck, Id # existiert nicht - es wird

aber darauf verwiesen.

V-Model XT ZIVIT 1 EmptyValueCheck, Kein Wert für Attribut
Begründung.

2 EmptyValueCheck, Kein Wert für Attribut
VModellExportVerzeichnis.

3 - 6 EmptyValueCheck, Kein Wert für Attribut
Begründung.

7 EmptyValueCheck, Kein Wert für Attribut
VorlagenExportVerzeichnis.

8 - 10 EmptyValueCheck, Kein Wert für Attribut
Begründung.

11 EmptyValueCheck, Kein Wert für Attribut
PlanExportVerzeichnis.

12 - 13 EmptyValueCheck, Kein Wert für Attribut
Begründung.

14 EmptyValueCheck, Kein Wert für Attribut
PTVBegründung.

15 EmptyValueCheck, Kein Wert für Attribut
VBBegründung.

Table 5.2: Consistency check.
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Manually Verifiable Criteria

In this paragraph we see the results from the questionnaire in form of net charts and bar
charts. At first we look at the results from the V-Modell XT BNetzA, that we can see from
figure 5.3 to figure 5.12. Afterwards follow the results of the V-Modell XT ZIVIT from figure
5.13 to figure 5.22

Figure 5.3: BNetzA - net chart of the area model
evaluation (absolute)

Figure 5.4: BNetzA - bar chart of the area
model evaluation (absolute)

Figure 5.5: BNetzA - net chart of the area pro-
cess model and documentation

Figure 5.6: BNetzA - bar chart of the area pro-
cess model and documentation

Figure 5.7: BNetzA - net chart of the area tool
support

Figure 5.8: BNetzA - bar chart of the area tool
support

5.4.4 Discussion

BNetzA - Area Meta Data. Both respondents used the V-Modell XT BNetzA version 1.0
with the export of the process documentation as PDF-file. Both got no specific training for
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Figure 5.9: BNetzA - net chart of the area prod-
uct templates

Figure 5.10: BNetzA - bar chart of the area
product templates

Figure 5.11: BNetzA - net chart of all manually
criteria

Figure 5.12: BNetzA - bar chart of all manually
criteria

Figure 5.13: ZIVIT - net chart of the area model
evaluation (absolute)

Figure 5.14: ZIVIT - bar chart of the area model
evaluation (absolute)

the process model and used the product templates generated from the process.

BNetzA - Area Model Evaluation (absolute). In the area of model evaluation (absolute)
(4.7) the respondents evaluated the V-Modell XT BNetzA different.

As we can see in the bar chart 5.4, there are wide difference for the questions 2.2, 2.4, 2.6, 2.9,
2.10 and 2.12. While respondent 2 agreed strong, the respondent 1 agreed not completely.
The widest difference is question 2.10. Respondent 1 answered that the model contains no
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Figure 5.15: ZIVIT - net chart of the area pro-
cess model and documentation

Figure 5.16: ZIVIT - bar chart of the area process
model and documentation

Figure 5.17: ZIVIT - net chart of the area tool
support

Figure 5.18: ZIVIT - bar chart of the area tool
support

Figure 5.19: ZIVIT - net chart of the area prod-
uct templates

Figure 5.20: ZIVIT - bar chart of the area prod-
uct templates

ambiguity, while respondent 2 agreed that the “model contains ambiguity."

Respondent 2 would like to extend nothing, while respondent 1 would like to extend the
parts “Methods and method descriptions" (question 2.17). Respondent 2 would like also
nothing to reduce, while respondent 2 would like to reduce (question 2.18) “Descriptive text
from the reference process that does not contribute to the company-specific variant" . Both
respondents would like to add no additional contents to the model (question 2.19) and have
no further comments (question 2.20).

According to the wide difference of the responses we can see different satisfactory levels
with the model as a whole. The answers of respondent 1 are visualized like a star, while the
answers of respondent 2 are balanced (5.3). While Respondent 1 agrees somewhat (median
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Figure 5.21: ZIVIT - net chart of all manually
criteria

Figure 5.22: ZIVIT - bar chart of all manually
criteria

= 4), respondent 2 agrees more (median = 6) with the model. Although, there are differences
between the respondents, both would give grade 2 to the model. For this the average school
grade is 2 for the overall assessment.

BNetzA - Area Process Model and Process Documentation. In the area of process
model and process documentation (4.8) the respondents evaluated the V-Modell XT BNetzA
also different. But here, the evaluation is converse.

As we can see in the bar chart 5.6, there are difference for the questions 3.2, 3.4, 3.8, 3.10 and
3.11. While respondent one agreed more strong by the majority, the respondent 2 agreed
not completely. The widest differences are in question 3.10 and 3.11. Respondent 1 strongly
agreed that the “scope of the activities (tasks) is satisfying" and agreed more that “level
(degree) of abstraction of the activities (tasks) is appropriate", while respondent 2 disagreed
somewhat with the scope of activities (question 3.10) and disagreed with level of abstraction
of the activities (question 3.11).

Respondent 1 would like to extend nothing, while respondent 2 answered question 3.15 with
“Easy access guidelines - here, much improvement is necessary". For question 3.16, “Wich
parts of the process documentation would you like to reduce?", respondent 1 answered
“2.1 Produkt- und meilensteinorientierte Grundphilosophie, 2.5 Vorgehensbausteinland-
karte und V-Modell-Kern, 3.1 Systementwicklung (BNetzA), 3.2 Linienaufgaben, 3.3 Sys-
tementwicklungsprojekt (AG), 3.4 XÖV-Standardisierungsprojekt" and respondent 2 “De-
scriptive text from the reference process that does not contribute to the company-specific
variant". Both respondents would like to add no additional contents to the model. In the
opinion of respondent 1, the process modules map should be taken off. The actions, that
respondent 2 would recommend to meet these demands (question 3.18) is the “rework of
the export that is used to generate the process documentation from the model".

In sum, we can say that both respondents are nearly satisfied with the process model and
documentation as a whole, that can be seen in the net chart 5.5. While respondent 1 agrees
more (median = 6), respondent 2 agrees/agrees somewhat (median = 4.5) with the process
model and documentation. Although, there are differences between the respondents, both
would give grade 2 to the model. For this. the average school grade for the overall assess-
ment of the process model and documentation is 2.
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BNetzA - Area Tool Support. In the area of model tool support (4.9) the respondents
evaluated the V-Modell XT BNetzA more often the same.
As we can see in the bar chart 5.8, there are only three wide difference for the questions 4.2,
4.5 and 4.6. The widest difference is question 4.2, “I was immediately familiar with the tool
and could instantly use all necessary functionality for the realization of the designed process
elements." Respondent 1 diagreed somewhat with this staement, while respondent 2 agreed
more.
Respondent 2 criticized the the tool was not at all useful to realize the designed model (ques-
tion 4.3), because “Management of dependencies is poorly implemented in the used tool
and requires deep background knowledge. Here, the user interface should be significantly
be improved." He/she is not sure to choose the same tool, if he/she had the choice (question
4.18), because (question 4.19) “For the actual context the tool is ok, but barely adoptable to
other contexts, and, thus, other tools should be mentioned as well." Respondent 1 would
take the same tool, because he/she does not know another one.
Both say, that there are no process requirements, that were not completely realized (ques-
tion 4.21). Respondent 1 would evaluate “wild-card elements" as necessary to realize miss-
ing/incomplete requirements, while respondent 2 answered with “none".

In sum, in chart 5.7 we can see that both respondents are satisfied with tool support. Respon-
dent 1 strongly agrees/agrees more (median = 6.5) and respondent 2 agrees more (median
= 6) with tool.

BNetzA - Area Product Templates. In the area product templates (4.10) the respondents
evaluated the V-Modell XT BNetzA nearly the same.
As we can see in the bar chart 5.10, there are only differences for the questions 5.3 and
5.4. Respondent 1 agrees strongly that product templates are easily accessible for persons
not familiar with the process model ("outsiders") (question 5.3), respondent 2 just agrees.
For statement 5.4, that the “product templates allow for direct inspection of relationships
to further products and the identification of consistency violations", respondent 1 agreed,
while respondent 2 disagreed somewhat.
Respondent 1 would like to extend part “Systemelemente" of the product templates (ques-
tion 5.5) and respondent 2 nothing. Both respondents have would nothing to reduce (ques-
tion 5.6). While respondent 1 need no additional content to add to the product templates
(question 5.7), respondent 2 would like to add “Status information and better links to other
referred products." For the question “What would be necessary to realize missing/incom-
plete requirements?" (question 5.8), respondent 1 answered “more information or informa-
tion in general" and respondent 2 “A change in the export sub-system used to generate the
templates."

In chart 5.9 we can see that the respondents harmonize in their assessment. Finally respon-
dent 1 gives grade 1 to the product templates and respondent 2 grade 3. In average, the
product templates gets grade 2 for overall assessment.

BNetzA - Criteria. To get a statement about the integrity of the process model as a whole
we analysed the criteria manually verifiable, that were addressed by certain questions.
As we can see in the bar chart 5.12, the respondents evaluated the criteria understandability,
readability, selclusiveness, abiguity, expressiveness and leanability different. The widest differ-
ence is in the evaluation of leanability, expressiveness, abiguity and selclusiveness.
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Respondent 1 disagrees with the selclusiveness of the model, while respondent 2 agrees.

Respondent 1 also disagrees somewhat with the expressiveness, but respondent 2 strongly
agrees.

Ambiguity was more disagreed by respondent 1. Respondent agrees, that the model is free
of ambiguity.

While respondent 1 is in opinion, that the model is easy to learn (median = 6.5), respondent
2 just agrees/agrees somewhat (median = 4.5).

In sum, respondent 1 agrees with the quality of the model (median = 4.75) and respondent
2 agrees more (median = 6), what we can see in the net chart 5.11.

Finally, when we calculate the overall assessment result from respondent 1 and 2 for all
criteria evaluated by the questionnaire, we can conclude that the quality of the model is
satisfactory (median = 5.375).

ZIVIT - Area Meta Data. Both respondents used the V-Modell XT ZIVIT version 1.0 with
the export of the process documentation as PDF-file. Both got no specific training for the
process model and used the product templates generated from the process.

ZIVIT - Area Model Evaluation (absolute). In the area of model evaluation (absolute)
(4.7) the respondents evaluated the V-Modell XT ZIVIT nearly the same.

As we can see in the bar chart 5.14, there is only are wide difference for the questions 2.5.
While respondent 1 agrees strong, respondent 1 agrees somewhat.

Both respondents say that modularity was considered sufficiently (question 2.15).

For the statement “It was clear to me how to use the interfaces, without loss of consistency
of the integrated model." (question 2.16), respondent 1 answered with “yes" and respondent
2 with “not sure".

Both respondents would like nothing to extend (question 2.17).

While respondent 1 would like nothing to reduce (question 2.18), respondent 2 would like to
reduce “Descriptive text from the reference process that does not contribute to the company-
specific variant".

Both respondents would like to add no additional contents to the model (question 2.19).

While respondent 2 has no further comments (question 2.20), respondent 1 says “The tour
through the model is awesome. ;-D".

According to the net chart 5.13, the answers of both respondents are balanced.

In sum, we can say that both respondents are very satisfied with the model as a whole.
While respondent 1 strongly agrees (median = 7), respondent 2 agrees more (median = 6)
with the model. Respondent 1 evaluated the model with grade 1 and respondent 2 with
grade 2. The average school grade is 1.5.

ZIVIT - Area Process Model and Process Documentation. In the area of process model
and process documentation (4.8) the respondents evaluated the V-Modell XT ZIVIT more
different. But here, the evaluation is converse.

As we can see in the bar chart 5.16, there are difference for the questions 3.4, 3.6, 3.8, 3.10
and 3.11. While respondent 1 agreed more strong by the majority, the respondent 2 agreed
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not completely. The widest differences are in question 3.10 and 3.11. Respondent 1 strongly
agrees that the “scope of the activities (tasks) is satisfying" and strongly agrees more that
“level (degree) of abstraction of the activities (tasks) is appropriate", while respondent 2
disagrees somewhat with the scope of activities (question 3.10) and disagrees with level of
abstraction of the activities (question 3.11).

Both respondent would like to extend nothing (question 3.15).

Respondent 1 would like to reduce the part (question 3.16), “2.5 Vorgehensbausteinland-
karte und V-Modell-Kern". Respondent 2 answered with“Descriptive text from the reference
process that does not contribute to the company-specific variant".

While respondent 2 would like to add no additional contents to the model (question 3.17),
respondent 1 would like to rename part 5 chapter "3 Produkte" as "Produkte nach Disziplin"
or just "Disziplinen".

The actions, that respondent 2 would recommend to meet these demands (question 3.18)
is the “rework of the export that is used to generate the process documentation from the
model". Respondent 1 would like“to take off the process modules map".

In chart 5.15, we can see that respondent 1 is nearly completely satisfied with the process
model and documentation as a whole. The result of respondent 2 is satisfactory.

While respondent 1 strongly agrees (median = 7), respondent 2 agrees (median = 5) with
the process model and documentation. According to this, respondent 1 give grade 1 to
the process model, respondent 2 gives grade 2. In average the process model and model
documentation is rated with 1.5.

ZIVIT - Area Tool Support. In the area of model tool support (4.9) the respondents evalu-
ated the V-Modell XT ZIVIT also more different.

As we can see in the bar chart 5.18, there are difference for the questions 4.1, 4.6, 4.6, 4.15,
4.16 and 4.17.

The widest difference are in question 4.1, 4.15 and 4.16.

While respondent 1 agrees strongly on question 4.1, respondent 2 disagrees somewhat that
the“used tool is intuitively applicable and the approach of process modeling is straightfor-
ward."

Respondent 1 could export the model at any time (question 4.15), while respondent 2 agrees
somewhat.

Also all requirements could be realized and the tool was straightforward for respondent 1,
respondent 2 agrees somewhat.

Respondent 2 agrees that the tool was useful to realize the design model (question 4.3) and
comments “In this project, a backend component needed to be implemented as well. This
was neither tested nor documented, and, thus, tool development and much trail and error
work was required, especially to create the deployment packages." But he/she is not sure if
he/she would choose the same tool (question 4.19), if he/she had the choice, because “For
the actual context the tool is ok, but barely adoptable to other contexts, and, thus, other
tools should be mentioned as well. Furthermore, the used backend was not yet tested. It
finally worked, but consumes too much effort." Respondent 1 would choose the same tool,
because he/she does not know another one (question 4.19). Respondent 2 could realize all
process requirements (question 4.20) and has no process requirements, that were not com-
pletely realized (question 4.21). Nothing would be necessary to realize missing/incomplete
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requirements for respondent 2 (question 4.22).

In sum, we can see in chart 5.17 that respondents 1 is completely satisfied with tool support.
Respondent 1 strongly agrees (median = 7), while respondent 2 agrees (median = 5) with
tool.

ZIVIT - Area Product Templates. In the area product templates (4.10) the result for the
V-Modell XT ZIVIT is the same like for the V-Modell XT BNetzA.

As we can see in the bar chart 5.20, there are only differences for the questions 5.3 and
5.4. Respondent 1 agrees strongly that product templates are easily accessible for persons
not familiar with the process model ("outsiders") (question 5.3), respondent 2 just agrees.
For statement 5.4, that the “product templates allow for direct inspection of relationships
to further products and the identification of consistency violations", respondent 1 agrees,
while respondent 2 disagrees somewhat.

Respondent 1 would like to extend part “Systemelemente" of the product templates (ques-
tion 5.5) and respondent 2 nothing.

Both respondents have would nothing to reduce (question 5.6). While respondent 1 need no
additional content to add to the product templates (question 5.7), respondent 2 would like
to add “Status information and better links to other referred products."

For the question “What would be necessary to realize missing/incomplete requirements?"
(question 5.8), respondent 1 answered “more information or information in general" and
respondent 2 “A change in the export sub-system used to generate the templates."

In chart 5.19 we can see that the respondents harmonize in their assessment, too.

In sum, respondent 1 strongly agrees with the product templates and respondent 2 agrees
more.

Finally respondent 1 gives grade 1 to the product templates and respondent 2 grade 3. In
average, the product templates gets grade 2 for overall assessment.

ZIVIT - Criteria. Finally, we will also get a statement about the integrity of the process
model as a whole and analyzed also the criteria manually verifiable for the V-Modell XT
ZIVIT, that were addressed by certain questions.

As we can see in the bar chart 5.22, both respondents evaluated the criteria nearly the same.
We have only two wide difference is in the evaluation of simplicity and ambiguity.

Respondent 1 agrees strong with the simplicity of the model, while respondent 2 disagrees
somewhat.

Ambiguity is strongly disagreed by respondent 1. Respondent agrees, that the model is free
of ambiguity.

In sum, respondent 1 strongly agrees with the quality of the model (median = 7) and respon-
dent 2 agrees more (median = 6), what we can see in the net chart 5.21.

Finally, when we calculate the overall assessment result from respondent 1 and 2 for all
criteria evaluated by the questionnaire, we can conclude that the quality of the model is
very satisfactory (median = 6.5).
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5.5 Summary

In this chapter we set the context at first. For this, we described the four process phases
of the process life cycle and described the role of the process engineer. Then, we refined
the evaluation framework and introduced the key artifacts Process requirements, Technical
Process Design, Conceptual Process Design, Process Life Cycle Support and Process Release and
QA-related artifacts. Based on the ArSPI model we determined how the artifacts can be
evaluated.

In the subsection 5.4 we described the case and our analysis procedure for the evaluation
framework. Finally, we presented the result of the automatically verifiable criteria in form
of a consistency check. We showed the results of the questionnaire as net chart and bar chart
and described the results of each area of the questionnaire in detail. In addition, we made a
overall conclusion about the manually verifiable criteria evaluated in the questionnaire and
gave a final statement of the integrity of the analyzed process model.
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Summary and Outlook

In this section we will sum up the content of every part of the work as final conclusion.

Finally, we will give a statement for future work.
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6.1 Summary of Contributions

In chapter 1 we introduced the term software process improvement and all related defi-
nitions, e.g. software process, process quality, software process model, software process
maturity, quality model and improvement method.
In subsection 1.1 we firstly described the six key factors of success in SPI. After that, we put
our eye on problems of measuring the success of spi projects. In subsection 1.2 we identified
criteria and approaches for measuring the success of SPI initiatives. Finally, we explain in
which way this work contributes the research area and outlines the work.

In chapter 2 we presented a brief overview of the current state of the art in research activities
in the area of process engineering related to SPI criteria and procedures.
Afterwards the methods of case study (2.2.1), experimentation (2.2.1), document review/-
analysis (2.2.2), mixed methods (2.2.3), the Goal Question Metric Paradigm (2.2.4) and sur-
vey or interview (2.2.5), used in this study, were described.

In chapter 3 we presented the overall description of the research design. We introduced the
literature review method SLR, that was used to conduct this study.
We presented our research questions and described the selection of the case.
Then our data collection procedures was described in detail and the databases, that we used
for the literature search, were mentioned. We defined our general queries and the combina-
tion of them to final queries, used for the database search.
After the data collection, it was described in which way we cleaned and filtered the result
set and our filter queries were defined.
Then we explained our data analysis procedure with the harmonization and voting process
and how we used paper coding for our in-depth analysis of the contributions.
Finally, we described what further expert material was used as additional input for the re-
search design.

In chapter 4 we presented the results of the systematic literature review described in section
3.2 of chapter 3.
The results from the further expert material were also presented.
In section 4.3 we explained why the result of the SLR was not useful for our study and that
there was a need to perform a second literature review.
The preparation for this second literature review was done by the Goal Question Metric
technique. We described the process of data collection, analysis and consolidation and pre-
sented the result in form of 30 criteria for integrity of process models. Then we visualized
all criteria in a network of relationships between them.
Finally construction of the questionnaire for the evaluation framework was described and
explained what questions of the questionnaire addresses what criterion.

In chapter 5 we set the context at first. For this, we described the four process phases of the
process life cycle and described the role of the process engineer.
Then, we refined the evaluation framework and introduced the key artifacts Process require-
ments, Technical Process Design, Conceptual Process Design, Process Life Cycle Support and Pro-
cess Release and QA-related artifacts. Based on the ArSPI model we determined how the
artifacts can be evaluated.
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In the subsection 5.4 we described the case and our analysis procedure for the evaluation
framework. Finally, we presented the result of the automatically verifiable criteria in form
of a consistency check. We showed the results of the questionnaire as net chart and bar chart
and described the results of each area of the questionnaire in detail. In addition, we made a
overall conclusion about the manually verifiable criteria evaluated in the questionnaire and
gave a final statement of the integrity of the analyzed process model.

6.2 Future Work

The evaluation framework was developed to evaluate the integrity of process models.

In future, the evaluation framework should be fully integrated in the ArSPI model. We
verified the artifact-based evaluation framework for the process models V-Model XT BNetzA
and V-Model XT ZIVIT.

An further approach would be the integration in ArSPI for quality assurance. With this
evaluation framework, process engineers are then able to verify their developed process
model and procedure for software process improvement projects.

6.3 Summary

In this chapter we presented the summary of the overall work and pointed out future work
for the evaluation framework for artifact-based software process improvement procedures.
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Appendix A

This appendix contains all criteria found in the SLR (table A.1 to A.4). After that we, from
table A.1 to table A.3, we can find the results from Canfora et al. [CGP+06]. In the end, we
can find the glossary A of the criteria found in the second literature review.
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No. Criteria*Candidate Class Categorization
1 #Problems+(per+Release) Q Number+of+Problems
2 #frequency+of+Integration P Time
3 duration+of+1+cycle P Time
4 #of+test+(cases) Q Number+of+TestCases
5 size+of+problem+backlog
6 reliability Q NonGFunctional
7 functionality Q NonGFunctional
8 safety Q NonGFunctional
9 (development/project)+time P Time
10 improvement+activities P Time
11 (company/process)+performance P Time
12 budget C Cost
13 defects+(density) Q Number+of+Problems
14 #of+product+innovation+(/cre+Employee)
15 effectiveness P Effectiveness/Efficiency
16 productivity P Productivity
17 quality Q Quality
18 error+rate+of+size+estimate Q Precision
19 Ease+of+use Q NonGFunctional
20 usefulness
21 Use
22 costs+of+VVT+strategy C Cost
23 risks+of+VVT+strategy
24 reGorganization
25 #of+subGoranizations
26 staff+turnover CTX Personnel
27 movement+of+management+staff CTX Personnel
28 movement+of+other+staff CTX Personnel
29 role+
30 understanding
31 process+expertise CTX Knowledge
32 improvement+strategy
33 goal:+CMM(I)+level+2 CTX Compliance
34 defect+removal+effectiveness P Effectiveness/Efficiency
35 reuse
36 Estimating Q Precision
37 Skill CTX Personnel
38 Testing
39 Satisfaction Q Customer
40 Code Q Quality
41 Management
42 Historical
43 Development/Maintenance+environment CTX Environment
44 Benchmark
45 Programming

Figure A.1: Classification of Criteria Candidates
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No. Criteria*Candidate Class Categorization
46 CAS
47 Development/maintenance P Effectiveness/Efficiency
48 Project+planning+&+Development P Effectiveness/Efficiency
49 Methods/tools
50 Standards+&+guidelines CTX Compliance
51 User+involvement Q Customer
52 Design
53 Requirements+design+for+operation
54 Project
55 Organizational+orientation
56 Organizational+objectives
57 Organizational+structure
58 Base+of+power
59 Decision+making
60 Leadership+style
61 Compliance
62 Evaluation+of+members
63 Orientation+to+change
64 reason+of+adopting+SPI
65 readiness+for+SPI CTX Awareness
66 process+changes
67 Kano+model
68 respond+time+of+SPI+projects P Time
69 timeGtoGmarket P Time
70 tailoring+time P Time
71 efficiency P Time
72 effort P Time
73 #of+discarded+requirements Q Quality
74 bottlenecks P Effectiveness/Efficiency
75 unnecessary+work P Effectiveness/Efficiency
76 rework P Effectiveness/Efficiency
77 capability
78 information+requirements
79 stability+&+certainty+of+IT+group's+environemnt
80

degree+of+pursuit+of+goals+to+evolution+&+
adaption

81 financial+culture+within+the+organization
82

degree+of+IT+staff+motivation+by+money+vs.+Job+
interest

83
stability+&+certainty+of+organization's+
environemnt

84
Organisation+valuing+aquisition+&+
communication+of+information

85 emphasis+on+quality+in+the+IT+group
86

Program+beeing+justified+as+enabling+improved+
decisionGmaking

87 organizational+culture
88

balance+between+lowGdiscretion+&+highG
discretion+work

89
emphasis+on+individual+people,+communication+
and+relationships

90 content+of+changes

A Appendix A

Figure A.2: Classification of Criteria Candidates (2)
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No. Criteria*Candidate Class Categorization
91 experience CTX Personnel
92 influences
93 result+of+actions
94 Patterns
95 external+context CTX Environment
96 organisational+context CTX Environment
97 context+of+IS+function CTX Environment
98 context+of+process+structures CTX Environment
99 context+of+structure/action+linkage CTX Environment

100 product+development+actions
101 progress P Time
102 stability+(repeatability)
103 equivalence+(consistency)
104 requirements+management
105 project+tracking+&+oversight
106 quality+assurance
107 configuration+management
108 process+focus
109 process+definiton
110 training+program
111 integrated+software+management
112 software+product+engineering
113 intergroup+coordination
114 Peer+review
115 quantitative+process+management
116 defect+prevention
117 technology+change+management
118 process+change+management
119 initiatives
120 process+assessment+methods
121 feasibility
122 #of+entities M Model/Product+Properties
123 #of+simple+attributes M Model/Product+Properties
124 #of+composite+attributes M Model/Product+Properties
125 #of+derived+attributes M Model/Product+Properties
126 #of+M:NGrelationships M Model/Product+Properties
127 #of+1:NGrelationships+(incl.+1:1) M Model/Product+Properties
128 #of+binary+relationships M Model/Product+Properties
129 #of+NGAry+relationships+ M Model/Product+Properties
130 #of+IS_A+relationships M Model/Product+Properties
131 #of+reflexive+relationships M Model/Product+Properties
132 total+number+of+attributes M Model/Product+Properties
133 total+number+of+relationships M Model/Product+Properties
134 entity+maintenance
135 diagram+connectivity

Figure A.3: Classification of Criteria Candidates (3)
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No. Criteria*Candidate Class Categorization
136 diagram+inheritance
137 N:M+relationship M Model/Product+Properties
138 relationship+complexity M Model/Product+Properties
139 identity
140 perception+of+the+environment
141 organizational+straetgy
142 knowledge
143 boundaries
144 interactive+process
145 triggers
146 Experimentation
147 communication,+processes+&+internal+standards
148 Information+and+communication+systems
149

#service+hours+(documentation+&+technical+
publication) P Effectiveness/Efficiency

150 #CPU+hours P Effectiveness/Efficiency
151 #of+changes Q Number+of+Problems
152 #of+pages+of+documentation Q Quality
153 #total+new+SLOC P Productivity
154 #total+modified+SLOC P Productivity
155 #total+reused+SLOC P Productivity
156 stability+of+requirements Q Stability
157 degree+to+which+plans+where+followed
158 communication+overhead P Time
159 readability Q NonGFunctional
160 maintainability Q NonGFunctional
161 estimation
162 monitoring
163 control
164 customer+relations
165 Goals
166 characteristics
167 evolution+of+process+definition
168 improvement+of+process+definition
169 benefits
170 capability+level CTX Compliance
171 company+size CTX Environment

A Appendix A

Figure A.4: Classification of Criteria Candidates (4)
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Metric
(Genero)

Description Measurement
method

Definition of the metric on
the E/Rmetamodel

NE Number of
entities

’Count the number
of entities of the E/R
diagram’

’Count’ measurement method on the
metamodel MOF class Entity
(e.g. count the number of instances of
this class in the E/R model)

NAS Number of
simple
attributes

’Count the number
of simple attributes
of the E/R diagram’

’Count’ measurement method on the
metamodel MOF class
Simple Attribute

NCA Number of
composite
attributes

’Count the number
of composite
attributes of the E/R
diagram’

’Count’ measurement method on the
metamodel MOF class Composite At-
tribute

NDA Number of
derived
attributes

’Count the number
of derived attributes
of the E/R diagram’

’Count’ measurement method on the
metamodel MOF class
Derived Attribute

NM:NR Number of
M:N
relationships

’Count the number
of M:N relationships
of the E/R diagram’

’Count’ measurement method on the
metamodel MOF class Binary Relation-
ship with the following constraint: the
’Arity’ property of the Binary Relation-
ship has value ’M:N’

N1:NR Number of
1:N
relationships
(including 1:1
relationships)

’Count the number
of 1:N relationships
of the E/R diagram’

’Count’ measurement method on the
metamodel MOF class Binary Relation-
ship with the following constraint: the
’Arity’ property of the Binary Relation-
ship has value ’1:N’ or ’1:1’

NBinaryR Number
of binary
relationships

’Count the number
of binary
relationships of the
E/R diagram’

’Count’ measurement method on the
metamodel MOF class Binary Relation-
ship

NN-
AryR

Number of
N-Ary
(no binary)
relationships

’Count the number
of N-Ary
relationships of the
E/R diagram’

’Count’ measurement method on the
metamodel MOF class N-Ary Relation-
ship

NIS AR Number of
IS A
relationships
(generaliza-
tion/
especialization)

’Count the number
of IS A relationships
of the E/R diagram’

’Count’ measurement method on the
metamodel MOF-Association Parent
Of (e.g. count the number of links of
this association in the E/R model)

NrefR Number of
reflexive
relationships

’Count the number
of reflexive relation-
ships of the
E/R diagram’

’Count’ measurement method on the
metamodel MOF class Binary Relation-
ship with the following constraint: ’the
Binary Relationship has two Relationship
Ends which reference the same entity’

Table A.1: Direct metrics and measurement methods defined to measure E/R diagrams [CGP+06].
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Metric Description Measurement function

NA Total number of attributes in an
E/R diagram, considering the entities and
relationships attributes. This total includes
simple, composite and derived attributes,
each of them takes the value 1

NA = NAS + NCA + NDA

NNR Total number of relationships in an
E/R diagram (without considering
IS A relationships)

NNR = NbinaryR + NN-AryR

Table A.2: Indirect metrics and measurement functions defined to measure E/R diagrams [CGP+06].
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Metric Description Analysis model Decision criteria

IME Entity maintenance
indicator: ratio of at-
tributes and entities
of the diagram. The
higher the value, the
higher the mainte-
nance difficulty

IME = NA
NE If IME > 15→ IME = ’Very High’

If 10 < IME ≤ 15→ IME = ’High’
If 5 < IME ≤ 10→ IME = ’Medium’
If 0 ≤ IME ≤ 5→ IME = ’Low’

IC Diagram connectiv-
ity indicator: ratio
of relationship and
entities of the dia-
gram. The higher
the value, the higher
the maintenance dif-
ficulty

IC = NNR
NE If IC ≥ 2→ IC = ’Very High’

If 1.5 ≤ IC < 2→ IC = ’High’
If 1 < IC < 1.5→ IC = ’Medium’
If 0.5 ≤ IC ≤ 1→ IC = ’Low’
If 0 < IC < 0.5→ IC = ’Very Low’

IH Diagram inheritance
indicator: ratio of
inheritance rela-
tionships and total
number of relation-
ships (including
inheritance). The
higher the value, the
higher the mainte-
nance difficulty

IH =
NISAR

NNR+NISAR

If IH ≥ 0.5 < 2→ IH = ’High’
If 0.1 < IH < 0.5→ IH = ’Medium’
If 0 ≤ IH ≤ 0.1→ IH = ’Low’

INM N:M relationship in-
dicator: ratio of N:M
relationships. The
higher the value, the
higher the mainte-
nance difficulty

INM =
NM :NR
NNR

If INM ≥ 0.5→ INM = ’High’
If 0.25 < INM < 0.5→ INM = ’Medium’
If 0 ≤ INM ≤ 0.25→ INM = ’Low’

CI Relationship com-
plexity: this indi-
cator represents
the ratio of N-Ary
relationships. The
higher the value, the
higher the mainte-
nance difficulty

CI =
NN−AryR

NNR

If CI ≥ 0.2→ CI = ’Very High’
If 0.1 < CI < 0.2→ IH = ’High’
If 0.05 < CI < 0.1→ IH = ’Medium’
If 0 ≤ CI ≤ 0.05→ IH = ’Low’

Table A.3: Indicators, analysis models and decision criteria to evaluate E/R diagrams [CGP+06].
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⇒ Property: Ability to Achieve Consensus

Acronym CA1
Category automated
Source [KS]

Definition: The model is suitable for cross-functional standardization of functional objects.
Input: Determination to what extent de facto standards are considered, what organizations

supported the model development, that means if the process of building consensus
took place, and what functional inputs served the model development (e.g. data
model, schema integration of application object models with expert consultation, iden-
tification of use cases with JAD).

⇒ Property: Ambiguity

Acronym CM1
Evaluation type manually
Source [Fle]

Definition: A model has to be free of ambiguity in the case of descriptions and nomenclatures.
Input: number of weak phrases, number of optional phrases

⇒ Property: Analyzability

Acronym CAM1
Evaluation type automated and/or manually
Source [BDE+05]

Definition: Attributes of a model that relate to the effort needed for diagnosis of deficiencies
or for identification of parts to be modified.

Input: Likert-Scala

⇒ Property: Appropriatenes

Acronym CM2
Evaluation type manually
Source [Wag13], [BDE+05]

Definition: Appropriatenes expresses that the model shall provide the functionality to the
user that fits to their requirements and expectations (includes functional correctness).
The process model shall constitute a meaningful representation of the application (pro-
cess) area and has to be applicable for its context. Model predictions have to be precise
and relevant related to functional requirements.

Input: Likert-Scala

⇒ Property: Changeability

Source [Sea, Ber, BDE+05, Kur, Pre]

Definition: Changeability is expressed by tailoring adaptability, evolution adaptability and
replaceability.
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⇒ Property: Completeness

Source [Wag13], [BDE+05], [Mac00], [FM07]

Definition: Completeness is expressed by Appropriateness and Minimality.

⇒ Property: Completeness of Realization

Acronym CM3
Evaluation type manually
Source [Fle]

Definition: The implementation of the model must completely contain all designed contents.
Input: Task completions, planned task completions

⇒ Property: Complexity

Source [KS, Fle, Bas]

Definition: Complexity is expressed by implementability, the level of abstraction and struc-
turedness.

⇒ Property: Compliance

Acronym CAM2
Evaluation type automated and/or manually
Source [KS], [KTF09]

Definition: Different models must be based on the same professional understanding. The
content of the models have to be compliant so that these models can be hormonized
and integrated. The analytical compliance shall be examined by means of the process
documentation and the meta-model with reference to characteristics and contents of
the process description, relationsships between contained items and the coverage of
contents related to the reference model.

Input: Analytical determination (according to conformity program) by mapping of model
contents directly between models and processes at a established joint and method
neutral consolidation basis for consitency reliability. To keep comparison of various
models practicable, models shall be consolidated, compared and adjusted at a term
based level.

⇒ Property: Conformance

Source [KS], [KTF09], [BDE+05], [Ber]

Definition: Conformance is expressed by Interoperability and Compliance.

⇒ Property: Connectivity

Acronym CAM3
Evaluation type automated and/or manually
Source [Soc], [Dun95]
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Definition: Connectivity is the ability of any model component to communicate with any of
the other components inside and outside of the organizational environment.

Input: Likert-Scala

⇒ Property: Consistency

Acronym CA2
Evaluation type automated
Source [KS], [Fle]

Definition: Model predictions have to be clearly and unambiguous. The model must be free
of contradictions.

Input: Coupling between common business object (CBO) classes. Coupling is the degree of
independence between modules [YC79]. It measures how well two software compo-
nents are data related, i.e. how independent they are.

⇒ Property: Consistency between Model and Documentation

Acronym CM4
Evaluation type manually
Source [Fle]

Definition: The model documentation has to reflect the fundamental process model in an
adequate way.

Input: Verification of the model realization and the exported model documentation in con-
sideration of correct locations of the positioned elements.

⇒ Property: Evolution Adaptability

Acronym CAM4
Evaluation type automated and/or manually
Source [Kur], [Ber]

Definition: Characterizes the ability of the model to change to new specifications or environ-
ments.

Input: ad-hoc transformation or implementing an extension of the transformation language,
list of environments the model need to be compliant with

⇒ Property: Expandability

Acronym CAM5
Evaluation type automated and/or manually
Source [BDE+05]

Definition: Expandability expresses the ease of adding new functionality to the model.

Input: Likert-Scala
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⇒ Property: Expressiveness

Acronym CM5
Evaluation type manually
Source [KS]

Definition: In consideration of comprehensibility and expressiveness it has to be clarified by
which models and diagrams a process model is documented and what naming and
documentation conventions must be strictly adhered to.

Input: Likert-Scala

⇒ Property: Feasibility

Source [KS, Fle, JB]

Definition: Feasibility is expressed by understandability, expressiveness, readability, ambi-
guity and constencey between model and documentation.

⇒ Property: Flexibilty

Source [Ver, BDE+05, TKM+, Soc, PMMP08, Jes]

Definition: Flexibility is expressed by modularity, seclusiveness, generalizability, connectiv-
ity, granularity, expandability and simplicity.

⇒ Property: Generalizability

Acronym CAM6
Evaluation type automated and/or manually
Source [PMMP08], [BDE+05]

Definition: Models should not be evaluated on their goodness of fit but on their generaliz-
ability —a criterion that is considered the gold standard in statistical model selection.
General solutions that by nature are prepared for being utilised in other contexts than
the ones for which they were constructed.

Input: Generalizability is measured by trading off goodness of fit for model flexibility
(Akaike Information Criterion, the Bayesian Information Criterion, the Bayes factor,
and minimum description length, simulation performance).

⇒ Property: Granularity

Acronym CA3
Evaluation type automated
Source [Ver], [TKM+]

Definition: In modelling, granularity refers to the degree of detail and precision contained in
a model. It is an issue for the flexibility of the data model and artefacts designed from
it.

Input: Comparing models made from 1-second versus 1-minute data. Compression of tem-
poral data by arithmetic mean, therefore, can be an effective method for decreasing
knowledge discovery processing time without compromising learning.
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⇒ Property: Implementability

Acronym CM6
Evaluation type manually
Source [KS]

Definition: With the implementation of the model the utilization concept, respectively the
implementability of the model, will be examined concerning to goals.

Input: Existence of a process model with various development paths, guidelines for cutting
sub-models or mapping guidelines of model items.

⇒ Property: Interoperability

Acronym CAM7
Category automated and/or manually
Source [Ber], [BDE+05]

Definition: Ability of a model to interact with other specified models or systems.
Input: Relevant check list for each model to assess the interoperability.

⇒ Property: Learnability

Acronym CM7
Evaluation type manually
Source [Ber], [DG81], [BDE+05]

Definition: Learnability mirrors the learning effort for different users, i.e. novice, expert, ca-
sual etc. Attributes of the model that relate to the users’ effort for learning its process
(for example, operation control, input, output).

Input: ease of learning the model, number of reports requested for information, number user
errors

⇒ Property: Level of Abstraction

Acronym CM8
Evaluation type manually
Source [KS]

Definition: The level of abstraction defines the depth of the abstraction of the model.
Input: degree of abstraction, Likert-Scala

⇒ Property: Minimality

Acronym CM9
Evaluation type manually
Source [Mac00], [FM07]

Definition: We consider a first-order structures M, where M is the domain, and there may be
other symbols for relations, functions or constants in the language. M is o-minimal if
every definable subset of M is a finite union of singletons and open intervals. When
we say that a structure is model complete we mean that its theory is model complete.
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Input: Robinson’s test, full exponential function

⇒ Property: Modularity

Acronym CAM8
Evaluation type automated and/or manually
Source [Soc], [BD], [BDE+05], [Dun95]

Definition: Modularity is the ability to easily reconfigure (add, modify, switch or remove)
model components for in a controlled fashion and is the standardization of business
processes for shareability and reusability.

Input: constructs (IF-THEN), norms

⇒ Property: Readability

Acronym CM10
Evaluation type manually
Source [KS], [JB]

Definition: Readability of a model can be improved, corresponding to the model partitioning,
by the description of the model contents in different levels of abstraction and itemiza-
tion.

Input: Likert-Scala

⇒ Property: Redundancy

Acronym CA4
Evaluation type automated
Source [JJ]

Definition: Redudancy is a duplication of the problem domain knowledge in the represen-
tation including all concepts represented in an artifact (e.g structural aspects repeat
multiple times, clones based on syntactic characteristics). Redundancy is observed if
a shorter representation can be found from which reproduction without loss of infor-
mation can be done.

Input: top-down approach to discover and avoid redundancy through analysis of the prop-
erties of the schema, as well as ontologies as the models of the problem domain, clone
detection approaches (e.g. clone count) for process-representation-based similarity on
syntactic similarity

⇒ Property: Replaceability

Acronym CAM9
Evaluation type automated and/or manually
Source [Sea], [Ber], [BDE+05]

Definition: Replaceability immediately appears to break the physical systems analogy, to en-
hance or modify the functionality of a system or for flexibility in manufacturing to re-
duce cost and incorporate a higher quality. Replaceability characterizes the plug and
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play aspect of model components, that is how easy it is to exchange a given model
component within a specified environment. Attributes of the model that relate to the
opportunity and effort of using it in the place of specified other models in the environ-
ment of that model.

Input: Ease of implementing a new one.

⇒ Property: Reuseability

Acronym CA5
Evaluation type automated
Source [KS], [Fle], [JB], [KTF09]

Definition: Reuseability means that contents of a project progress stage are reusable in several
project situations.

Input: Data Coupling ratio. Data coupling measures how closely two components are tied
together, with loose data coupling being desirable. Reuseabelitity is also expressed by
stability.

⇒ Property: Seclusiveness

Acronym CAM10
Evaluation type automated and/or manually
Source [Jes]

Definition: Seclusiveness means that the content structure follows a well defined standard
and is of self-documenting nature.

Input: Individual types of a XML schema represent direct mappings of the formal notations.

⇒ Property: Simplicity

Acronym CM11
Evaluation type manually
Source [BDE+05]

Definition: In general, simplicity fosters understandability. A simple and understandable
system is easier to modify than a complex one.

Input: Likert-Scala

⇒ Property: Stability

Acronym CAM11
Evaluation type automated and/or manually
Source [KS], [JP], [DG81], [KTF09], [MFS], [BDE+05], [MFHT02], [Ara94],

[CHWL]

Definition: Stability aims at accomplishing model reusability. The way stable models are built
should guarantee reusability. Model stability provides a stable core that can serve pro-
cesses sharing similar core structure. Artifacts develop a hierarchal order of the model
objects, from totally stable at the enduring business themes level to unstable at the
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industrial objects level, through adaptable yet stable at the business objects level. The
stable objects of the system are those that do not change over time. A model should
be designed is such a way that new use cases to integrate, respectively additional or
changed functional requirements, lead only to low, locally bounded model adaptions.
It addresses attributes of the model that relate to the risk of unexpected effects of mod-
ifications.

Input: Software Stability Model (SSM), direct determination of approved procedures (model
architecture for stability, design patterns for flexibility, analysis patterns for reuse, code
of modeling for stability) that support a well- model design in the process model. As
well as localization of relationships in the model by target-performance comparison in
the process of tailoring.

⇒ Property: Structuredness

Acronym CM12
Evaluation type automated
Source [Fle], [Bas]

Definition: The structure of a model is often a good indicator of whether that process is well
designed, understandable and easy to modify.

Input: logic complexity, control structure (number of decisions by measuring the number
of constructs that represent branches in the flow of control), control of complexity
(weighting various types of control structures as simple or complex)

⇒ Property: Tailoring Adaptability

Acronym CM13
Evaluation type manually
Source [Pre]

Definition: A software process model has be able to be adapted to organization’s specific
project needs.

Input: assessment with checklists

⇒ Property: Tool Support

Acronym CM14
Evaluation type manually
Source [KTF09]

Definition: As general condition it has to be determined which tools are already present,
which tools, if necessary, have to be acquired and which have to be lie quit.

Input: Evaluation if tools are adequate and complete.

⇒ Property: Understandability

Acronym CM15
Evaluation type manually
Source [BDE+05]
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Definition: The model possesses the characteristic understandability to the extend that it pur-
pose is clear to the process engineer. Attributes of the model that relate to the users’
effort for recognizing the logical concept and its applicability.

Input: Likert-Scala

⇒ Property: Validity

Acronym CAM12
Evaluation type automated and/or manually
Source [KS]

Definition: The process model is a valid instance of a metamodel and is (self-)conclusive in
itself.

Input: structural validity check (e.g. XML schema validation)
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Fragebogen

Bereich Metadaten

optional Teilnehmer (Name)

1 Projektgegenstand

2 Projektart

3 Projektdurchführung

4 Umfang des Projekts (in PJ geschätzt)

5 Dauer des Projekts (in Jahren geschätzt)

6 Ihre (V-Modell-)Rolle im Projekt

7 Wie viele Projekte nach V-Modell XT BNetzA haben Sie bereits durchgeführt? Anzahl der Projekte hier angeben

8 Haben Sie vor dem V-Modell XT BNetzA bereits mit Vorgänger-Versionen (VM-BNetzA) gearbeitet?

Informationen zum bewerteten Prozess

1 Welche Version des V-Modell XT BNetzA haben Sie verwendet? Versionsnummer hier angeben

2 Welchen Export der Prozessdokumentation haben Sie verwendet?

3 Haben Sie die Produktvorlagen des V-Modell XT BNetzA verwendet?

4 Haben Sie Schulungen zum V-Modell XT BNetzA erhalten?

Bereich Prozessmodell und Prozessdokumentation

Kreuzen Sie zu den folgenden Fragen jeweils genau eine Zelle mit "X" an. Können Sie eine Frage nicht beantworten, 
lassen Sie die Zeile leer.

1 Der Export ist übersichtlich und alle wesentlichen Informationen sind leicht zugänglich:

2 Der Export ist für mit dem Vorgehensmodell nicht vertraute ("Außenstehende") leicht zugänglich:

3 Der Rahmenprozess wird übersichtlich dargestellt und gibt einen guten Überblick über alle wesentlichen Elemente:

4 Der Export ermöglicht eine zielgerichtete Prüfung der Beziehungen zwischen den Prozesselementen und die 
Identifikation von Konsistenzverletzungen:

5 Der Umfang des V-Modell XT BNetzA ist zufriedenstellend:

6 Der Umfang der Rollen ist zufriedenstellend:

7 Der Umfang der V-Modell-Produkte ist zufriedenstellend:

8 Die Darstellungstiefe (der Detaillierungsgrad) der V-Modell-Produkte ist zufriedenstellend:

9 Die Beziehungen zwischen den V-Modell-Produkten und den Rollen sind klar dargestellt:

10 Der Umfang der Aktivitäten ist zufriedenstellend:

11 Die Darstellungstiefe (der Detaillierungsgrad) der Aktivitäten ist zufriedenstellend:

12 Das Modell ist inhaltlich konsistent:

appropriateness13 Welche Anteile der Prozessdokumentation würden Sie erweitern?

appropriateness14 Welche Anteile der Prozessdokumentation würden Sie reduzieren?

appropriateness15 Welche zusätzlichen Inhalte würden Sie dem V-Modell XT BNetzA noch hinzufügen?

appropriateness16 Welche Handlungsmaßnahmen würden Sie empfehlen, um diese Anforderungen zu erfüllen?

17 Welche Schulnote geben Sie der Prozessdokumentation (Gesamturteil)?

Bereich Produktvorlagen

Kreuzen Sie zu den folgenden Fragen jeweils genau eine Zelle mit "X" an. Können Sie eine Frage nicht beantworten, 
lassen Sie die Zeile leer.

1 Alle erforderlichen Produktvorlagen sind vollständig umgesetzt:

2 Die Produktvorlagen sind übersichtlich und alle wesentlichen Informationen sind leicht zugänglich:

3 Die Produktvorlagen sind für mit dem Vorgehensmodell nicht vertraute („Außenstehende“) leicht zugänglich:

4 Die Produktvorlagen ermöglichen eine zielgerichtete Prüfung der Beziehungen zu weiteren Produkten und die 
Identifikation von Konsistenzverletzungen:

freitext 5 Welche Anteile der Produktvorlagen würden Sie erweitern?

freitext 6 Welche Anteile der Produktvorlagen würden Sie reduzieren?

freitext 7 Welche zusätzlichen Inhalte würden Sie den Produktvorlagen des V-Modell XT BNetzA noch hinzufügen?

freitext 8 Welche Handlungsmaßnahmen würden Sie empfehlen, um diese Anforderungen zu erfüllen?

9 Welche Schulnote geben Sie den Produktvorlagen (Gesamturteil)?

„Ja“, wenn Sie die Vorlagen aus dem V-Modell XT BNetzA verwendet haben, sonst „Nein“; „Tools“, wenn Sie Vorlagen verwendet haben, welche 
V-Modell-Inhalte ‚ersetzen’ und die aus den Projektwerkzeugen (z.B. TFS-Work Items) erzeugt wurden.

„Ja“, wenn Sie an einer Schulung teilgenommen haben, sonst „Nein“; „Coaching“, wenn Sie ein (Projekt-)Coaching erhalten haben, unabhängig 
davon, ob Sie an einer Schulung teilgenommen haben oder nicht.

Stimme nicht zu Stimme zu

Stimme nicht zu Stimme zu

Diese Informationen werden nur für statistische Zwecke erfasst. Sie werden vertraulich behandelt und es erfolgt 
keine personenbezogene Auswertung der Angaben.

falls sonstiges:

falls sonstiges:

falls sonstiges:
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Fragebogen

Bereich Metadaten (siehe Auswahloptionen für Antworten)

Teilnehmer (Name)

1 Üblicher Projektgegenstand (Software, Hardware, Dienstleistung, Sonstiges)

2 Übliche Projektart (Neuentwicklung, Weiterentwicklung, Sonstiges)

3 Übliche Projektdurchführung (Vergabe, In-House, Gemischt)

4 Üblicher Umfang des Projekts (in PJ geschätzt)

5 Üblicher Dauer des Projekts (in Jahren geschätzt)

6 Vorgehensmodelle (z.B. V-Modell XT, Scrum, RUP,  …)

7 Wie viele Projekte haben Sie bereits durchgeführt? Anzahl der Projekte hier angeben

Modellbewertung (absolut)

Kreuzen Sie zu den folgenden Fragen jeweils genau eine Zelle mit "X" an. Können Sie eine Frage nicht beantworten, 
lassen Sie die Zeile leer.

1 Das Modell ist vollständig.

2 Der Modell ist verständlich.

3 Das Modell ist präzise.

4 Das Modell gibt einen guten Überblick über alle wesentlichen Elemente und deren Zusammenhänge.

5 Die Darstellungstiefe (der Detaillierungsgrad) des Modells ist zufriedenstellend.

6 Das Modell ist inhaltlich konsistent (widerspruchsfrei).

7 Das Modell ermöglicht Flexibilität.

8 Das Modell ist eindeutig.

9 Das Modell sind inhaltlich richtig.

10 Die Benennung der Klassen ist verständlich.

11 Die Beziehungen zwischen den Klassen sind inhaltlich richtig.

12 Welche Teile des Modells würden Sie erweitern?
Welche zusätzlichen Inhalte würden Sie dem Modell noch hinzufügen?

Diese Informationen werden nur für statistische Zwecke erfasst. Sie werden vertraulich behandelt und es erfolgt 
keine personenbezogene Auswertung der Angaben.

falls sonstiges:

falls sonstiges:

Stimme nicht zu Stimme zu

13 Welche Teile des Modells würden Sie reduzieren?

14 Begründungen zu den oben stehenden Bewertungen (Freitext)

15 Welche Schulnote geben Sie dem Modell (Gesamturteil)?

Modellbewertung (relativ zu bislang eingesetzten Verfahren)

Kreuzen Sie zu den folgenden Fragen jeweils genau eine Zelle mit "X" an. Können Sie eine Frage nicht beantworten, 
lassen Sie die Zeile leer.

16 Das Modell vereinfacht die Kommunikation zwischen Projektpartnern und Vertragsparteien.

17 Das Modell vereinfacht die Kollaboration zwischen Projektpartnern und Vertragsparteien.

18 Das Modell vereinfacht den Datenauschtausch zwischen Projektpertnern und Vertragsparteien.

19 Das Modell ist flexibler als bisherige Ansätze.

20 Das Modell ist besser strukturiert als bisherige Ansätze.

21 Das Modell ist besser für eine Werkzeugunterstützung geeignet als bisherige Ansätze.

22 Das Modell ist vollständiger als bisherige Ansätze.

23 Der Detaillierungsgrad des Modells ist höher als in bisherigen Ansätzen.

24 Der Detaillierungsgrad des Modells hat insgesamt Vorteile gegenüber bisherigen Ansätzen.

25 Die verwendete Terminologie ist konsistenter als in bisherigen Ansätzen.

26 Der Detaillierungsgrad der Beziehungen ist höher als in bisherigen Ansätzen.

27 Der Detaillierungsgrad der Beziehungen hat insgesamt Vorteilte gegenüber bisherigen Ansätzen.

28 Welche Schulnote geben Sie dem Modell im Vergleich zu bisherigen Ansätzen (Referenz bisheriger Ansatz: 3,0)?

Stimme nicht zu Stimme zu
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Figure C.1: Meta Data and Model Evaluation (absolute)
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Figure C.2: Process Model and Process Documentation
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Figure C.3: Tool Support and Product Templates
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Figure C.4: Model Evaluation (relatively to the approaches used so far - comparative evaluation only)
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