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Abstract. For the state-of-practice in software engineering to improve,
industry needs to apply methods and tools from software engineering
research. To enable industrial software engineers to select which results
are useful for them, research institutions need to provide sound evidence
about the effectiveness of proposed methods and tools in practice. Research methodology for empirical software engineering has not fully matured yet and no consensus exists on what is acceptable as proof in
empirical software engineering. This paper describes what problems exists with current research approaches and proposes a research plan to
improve insights in what standards need to be met by research methods.

1

Introduction

Software engineering can still not be seen as a mature profession [1]. Still almost
a quarter of all software projects fail [2] and progress to improve the state of
practice is slow. There is a need for better tools and methods to develop software systems. However, industry is slow to pick up improvements suggested by
academia. Redwine and Riddle show in their study that on average acceptance
of software technology by industry takes 10 to 15 years [3].
In their model of software technology maturation Redwine and Riddle state
that substantial evidence on the value and applicability of a technology is needed
before it will be accepted by industry [3]. In the software engineering community
there is a growing awareness for the need of empirical validation of the effectiveness of proposed methods and tools. Without proper empirical validation one
is unable to assess the effectiveness of the the proposed tools and methods in a
real-life setting. The problem in the software engineering discipline is that there
is no accepted standard for what constitute suitable methods to gather the required evidence [4] to convince both academic software engineering researchers
and software engineers in practice. Although practitioners rarely directly question the evidence supporting a method or technique, the continuing religious
wars regarding tools and methods could well be a consequence of the lack of
solid evidence on the effectiveness of the proposed methods.
Historically the emphasis of software engineering research has been on the
construction of new tools and the invention of new development methods, not
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on the empirical evaluation of methods and tools in complex, industrial settings.
The social sciences have long struggled to find acceptable methods to perform
research in complex settings and have developed a substantial body of knowledge regarding the methods of scientific enquiry. However also in the empirically
well-established disciplines such as social sciences there is controversy over what
methods of scientific enquiry are acceptable. On top of that it is not always
straightforward to apply research methods of the social sciences on software
engineering research (see for example [5, 6]).
Barbara Kitchenham et al. have suggested that the application of the evidencebased practice paradigm to software engineering offers an opportunity to improve
the quality of current empirical research and to improve the diffusion of research
results to practitioners [7]. Evidence-based software engineering has been inspired by evidence-based medicine, which has had substantial success in achieving the goal of transferring research results to practice in the medical domain.
Unfortunately there are some serious problems related to the application of
the evidence-based practice paradigm to software engineering. One of the most
significant problems has to do with the inability to consistently use randomized,
double-blind experiments within empirical software engineering research. These
problems and other problems with research methodology are explained in more
detail in Sect. 3.2.
As no silver bullet has (yet) been found to solve all research methodological
difficulties for software engineering research, the researcher has to choose a research approach that is appropriate for his or her problem at hand. The research
approach has to include at least the research strategy (such as experiment, survey, archival analysis, history or case study [8, p. 5]), the research design (which
experimental subjects are selected and how are treatments assigned to the subjects), data collection procedures (what to measure and how to measure it) and
analysis methods (such as regression analysis, ANOVA or grounded theory [9]).
The research approach has to be adapted to the properties of the research
problem at hand: the reason for performing the study and the context in which
the research will be performed. The reason for performing the study, also called
the research motive, has on impact on the research question. If a research project
is undertaken as a critique on development practices the research question will
most likely differ from a research project that is motivated to improve the state of
development practice. Different research motives will result in different research
questions for the same problem domain. These different research questions will
in turn lead to different research approaches to investigate similar phenomena.
Furthermore, properties of the context in which the research project will be performed will have a profound impact on the research approach taken. Performing
long case studies with students in an academic setting might prove to be difficult, whereas in industry experiments might be harder to perform. Therefore
the research approach must be suitable for the context of the study.
The research approach chosen by the researcher is not only influenced by the
properties of the research problem, but also by the researcher’s notion of knowledge. “Epistemological assumptions decide what is to count as acceptable truth
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by specifying the criteria and process of assessing truth claims. . . . Methodological assumptions indicate the research methods deemed appropriate for the
gathering of valid evidence.” [10].
The goal of my Ph.D. project is to develop a framework to describe how
epistemological assumptions, methodological assumptions and properties of the
research problem at hand guide the selection of a research approach. This framework will be used as a starting point to perform a content analysis of published
journal articles to determine what research approaches are current and what
assumptions guide the selection of these research approaches. If software engineering researchers have inter-subjective agreements regarding the selection of
research approaches, this consensus can be translated into methodological guidelines for software engineering researchers.
In the CAiSE Doctoral Consortium I would like to discuss the components
of the analysis framework to study the choice of a researcher for certain research
approach. In addition to feedback on the framework, I would like to discuss other
potential strategies to analyze the strenghts and weakness of research approaches
to perform empirical software engineering research.
The remainder of this paper is structured as follows; Section 2 describes
some related work in the field of research methodology in software engineering.
Section 3 describes the research I have performed so far and discusses the recent
change of direction in my Ph.D. project from assessing the effects of software
process improvement to investigating research methods for empirical software
engineering research. In Sect. 4 the goals of my research project are explained.
Section 5 discusses how I plan to proceed with my research and wraps up the
paper.

2

Related Work

Remarkably little related work exists in the field of research methodology for software engineering, the study of the research methods that are used by software
engineering researchers. Only recently Shaw observed that the software engineering discipline has no accepted standard for what constitute suitable methods to
gather the required evidence [4]. Although much has been written about individual research methods (e.g. how to perform an ANOVA test or how to design
a randomized experiment) little research has been performed to study how a
researcher can choose the best research approach for the research problem at
hand.
Adrion started the analysis of software engineering research methods by classifying software engineering research in four distinctive categories [11]: the scientific method, the engineering method, the empirical method and the analytical
method.
Kitchenham provides some insights in teh strengths and weaknesses of distinctive research approaches used in software engineering research [12]. She however does not provide normative guidance on choosing a research approach for
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a given research problem nor does she compare the indicated use of a research
method with its actual use by researchers.
Zelkowitz and Wallace [13] and Tichy, Lukowitz, Prechelt and Heinz [14] take
a different approach; instead of focusing on which research approach would be
most appropriate for a certain research problem, they focus on the actual use of
a research approach by computer scientists in practice and place less emphasis
on what research method is best. By performing content analysis on published
papers they are able to show which research approaches are used in successful
research.
Shaw takes this approach a little further by comparing the research approaches from papers that have been accepted for a prestigious conference with
the research approaches from papers that have been rejected [4]. Is this manner she sheds some light on what are research approaches that are acceptable
in the eyes of other researchers and what research approaches are clearly not
acceptable.
Unfortunately no study has been found by the author that takes the full
spectrum of questions into account regarding the choice of research approaches
for software engineering research.

3

From Software Process Improvement to Research
Methodology

This section describes why the focus of my Ph.D. project has recently changed
from assessing the effects of software process improvement to research methodology for empirical software engineering.
3.1

Assessing Software Process Improvement

Two years ago my Ph.D. project started with the goal to assess and quantify
the effects of model-based software process improvement. Under the supervision of prof. dr. J.C. van Vliet (Vrije Universiteit, Amsterdam) and prof. dr. S.
Brinkkemper (Utrecht University) a study of a large software process improvement program was performed at the internal Information Technology department
of a large Dutch financial institution (ABN AMRO Bank N.V.).
In this IT department over 1500 people are employed. The organization primarily builds and maintains large, custom-built, mainframe transaction processing systems, most of which are built in COBOL and TELON (an applicationgenerator for COBOL). Besides these mainframe systems, a large variety of
other systems are implemented, constructed and maintained by the organization. These systems are implemented in a large variety of different programming
languages (such as Java and COOL:Gen), run under various operating systems
(such as Microsoft Windows and UNIX) and are distributed over different platforms (batch, block-based, GUI-based and browser-based).
The organization has recently finished a major, four-year software process improvement program (SPI) to improve the internal IT processes and cooperation
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with the business. The SPI program included the introduction of the Dynamic
Systems Development Method (DSDM) [15], a quality system that complies with
the requirements of Software CMM [16] level 2, the introduction of a software
metrics program, and a culture change program.
The empirical study of the SPI program has been conducted at two levels
of abstraction: holistic analyses of the overall effects and in-depth analysis of
individual processes. In the overall study we examined the specific productivity
gains in different organization units, after the successful implementation of the
Software CMM-compliant quality system [17,18], using the the single, embedded
case study design [8,19] as the guiding research strategy. The results showed that
the overall productivity of the IT organization consistently increased after the
implementation of the improvement steps.
To gain more insight into the effects of SPI on the requirements gathering
process, we compared the effectiveness of projects using the existing requirements gathering process using one-to-one interviews with projects that used
facilitated workshops to gather requirements [20]. Facilitated workshops, which
are a technique of the DSDM method [15], are intensive meetings in which technical staff, end-users and management collaborate on information systems development tasks, such as project planning, requirements specification and user
interface design. Facilitated workshops fit in the general tendency to increase
the involvement of stakeholders in the requirements engineering process. In the
study the duration, effort and satisfaction of 49 DSDM projects using facilitated
workshops have been compared with 20 projects that used the previous method,
which use one-to-one interviews to gather the requirements. For small projects,
one-to-one interviews were found to be more efficient, whereas for larger projects
the efficiency of one-top-one interviews is surpassed by DSDM’s facilitated workshops. Other quantitative effects were not found, and subjective ratings of stakeholders do not indicate a preference for DSDM projects either.
In another study we examined the organization’s project post-mortem review database to find useful lessons learned that could provide opportunities
for bottom-up software process improvement [21]. As these project post-mortem
reviews were mostly recorded in plain text, is was difficult to derive useful overall findings using conventional analysis methods. For this study we developed
a five-step method to transform the qualitative, natural language type information present in those reports into quantitative information, using a grounded
theory [9] approach. This quantitative information can subsequently be analyzed
statistically and related to other types of quantitative project-specific information. Currently, in a subsequent study, the same method is being applied to
a different set of post-mortem reviews, in cooperation with researchers not involved in the development of the technique, to see how generally applicable the
method is.
We have also designed a metric that can be used to measure the size of
projects that install and configure COTS stand-alone software, firmware and
hardware components [22], in order to assess the efficiency of the departments
performing these functions. We call these components IT infrastructure, as these
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components often form the foundation of the information system that is built
on top of it. Before the study started no accepted size metric existed for the
installation and configuration of stand-alone software, firmware and hardware
components. The proposed metric promises to be a viable instrument to assess
the effectiveness and efficiency of IT infrastructure projects, yet requires further
empirical study, which is underway.
3.2

Problems Assessing Software Process Improvement

During the design of the holistic studies of the efficiency benefits of SPI and the
design of study of the benefits of facilitated workshops questions arose about
the relative merits of different research strategies (such as experiment, survey,
archival analysis, history or case study [8, p. 5]).
When choosing research methods, it seems as if one always needs to make
a trade-off between relevance and rigor [23]. Interpretative case studies [24] and
action research [23] and other interpretative approaches can give deep, relevant
insights into what happens during a software engineering project. These research
strategies are however often criticized for lacking sufficient scientific rigor (even
with the guiding principles described by Klein & Meyers [24] and Davidson et
al. [23]).
Experiments (and to a lesser degree quasi-experiments) on the other hand
excel in scientific rigor, but the results of experiments with objective measurements often merely prove what is already known to be true by practitioners in
the field. And when surprising results do appear, software engineering experiments often do not provide sufficient information to validate or explain all the
results [25].
At the same time choosing research methods is also a trade-off between internal and external validity [26]. When using interpretive research, one can be rather
confident that the obtained data really is related to the intended constructs (construct validity) and the deeper insights gained through interpretative research
will usually make clear to the researcher if the theory will be applicable to other
organizations. This advantage should be weighed against the disadvantages of
subjectivism (other researchers can have a different interpretation of the same
events and perhaps even the same data) and the risk of inferring causal relations where in reality none exist; the human mind is not good at distinguishing
causal relationships and random correlations, one always runs the risk that the
observed phenomenon could not be explained by chance alone.
Experiments and quasi-experiments with objective measures are however also
not without problems. The measurement definitions can be contradictory and
often be explained in different wyas (e.g., a book over 100 pages is needed to
define a standard for consistently counting lines of code), leading to differences
in observed data, just because the measurement procedures differed. This is even
more problematic when comparing data between companies (such as in metaanalysis or benchmarks) as differences in measurement procedures will be even
larger.
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Another severe problem with experiments and quasi-experiments is that one
cannot always be sure that the right operationalization of the variables is chosen.
E.g., is developed function points per hour a good measure of productivity or
should quality also be taken into account?
A procedure to improve the validity of experiments is to control as many
environmental factors as possible and to use random double-blind assignment
(in which both researcher and subject do not know to which treatment group
they are assigned). Although this method works well for evidence-based practice
in certain medical disciplines, software engineering is a skill-based profession in
which the professionals will have to carry out the assignment. This makes double
blinding impossible, the software engineer will always know what method he is
practicing (which could influence the results).
The skill-based aspect also makes comparison between treatments more complicated; a pill can only be applied in a single manner, whereas the application
of a skill can differ vastly between individuals [27]. And with complex, composite
methods (such as Extreme Programming) not all organizations will employ the
full method [28].
3.3

Shift to Research Methodology

The lack of concensus on what constitutes proper proof and the trade-off between
relevance and rigor makes it hard to choose an appropriate research strategy. In
my own Ph.D. research on software process improvement I have been confronted
with these difficulties many times. This has led me to shift my focus from performing SPI research to performing research on the research methodology for
empirical software engineering. I will continue to investigate the effects of SPI,
but now these research projects will serve as testcases to test new research strategies instead of investigating SPI as an final goal.

4

Problem Context and Research Goals

The problem context of my research has been explained in the previous paragraphs. There is a dire need for clarification and guidance on for the selection of
research strategies. It will however not be possible to design value-free criteria to
allow a rational choice of research strategies, as the selection of a research strategy not only depends on the problem at hand, but also on the epistemological
and methodological assumptions of the researchers.
In my Ph.D. project I will therefore aim to:
1. Define a framework to describe the relevant epistemological assumptions,
methodological assumptions and properties of the research problem at hand
that guide research strategy selection.
2. Identify which research strategies are used for which kinds of research. In
essence this is establishing the links between epistemological assumptions,
methodological assumptions, relevant properties of the research problem and
the chosen research strategy.
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3. Provide criteria that can help in selecting an appropriate research strategy,
based on own research experiences and reflection on other research.

5

Further work

In the remaining two years of my Ph.D. project I plan to:
1. Study literature on epistemological philosophy to identify the different positions on epistemology and their links to research strategy.
2. Perform a thematic content analysis on current articles that have appeared
in software engineering research, to investigate the state-of-practice in software engineering research and identify links between researcher assumptions,
problem characteristics and chosen research methodology.
3. Critically compare articles that have the same research problem but have
used different research methods, to see advantages and disadvantages of the
various approaches.
4. Continue with empirical software engineering research, to have a body of
personally performed research to reflect upon.
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