
Replication of Controlled Experiments in Empirical
Software Engineering—A Survey

Johan Per Fredrik Almqvist

Examensarbete för 20 p, Institutionen för datavetenskap,
Naturvetenskapliga fakulteten, Lunds universitet

Thesis for a diploma in computer science, 20 credit points,
Department of Computer Science,
Faculty of Science, Lund University



Abstract

Replication of controlled experiments in empirical software engineering—a survey
This survey studies 51 replicated experiments in empirical software engineering

in 20 experiment series. These 51 experiments constitute all replicated experiments
identifiable by searches of electronic databases of scientific publications.

To study the phenomenon of replication of experiments in software engineering,
the report sets out with a detailed review of existing guidelines for experimentation and
replication, both within the field of software engineering and from other disciplines.

Thereafter, the experiments and series of experiments are studied from both a quant-
itative and a qualitative perspective. The survey identifies the journals and conferences
where experiment results have been announced, the researchers and institutions most
active in replication, as well as the success rates of various types of replication.

The survey also analyses how researchers describe their experience with replication,
with regards to access to original material (lab packages), motivations for replication
and discussion about experiment subjects (students vs. professionals).

Finally, the conclusions of the survey are discussed, and proposals are made with
regards to enhancing guidelines for experimentation and replications, as well as pro-
posals for further work.

Sammanfattning

Replikering av kontrollerade experiment inom empiriska studier av programvaru-
teknik—en undersökning

I denna undersökning studeras 51 replikerade experiment inom empiriska studier
av programvaruteknik i 20 serier av experiment. Dessa 51 experiment är samtliga
experiment som kunnat identifieras igenom sökningar i elektroniska databaser över
vetenskapliga publikationer.

För att studera företeelesen replikering av experiment inom programvaruteknik
inleds rapporten med en detaljerad genomgång av befintliga riktlinjer för experimen-
tering och replikering, såväl inom programvaruteknik som från andra vetenskaper.

Därefter studeras experimenten och experimentserierna både från ett kvantitativ
och kvalitativt perspektiv. Undersökningen går in på de tidskrifter och konferenser
resultaten av experimenten har beskrivits i, vilka forskare och forskningsenheter som
är mest aktiva inom replikering, och slutligen hur framgångsrika olika typer av repli-
kering är.

Undersökningen går också in på hur forskarna beskriver sina erfarenheter av repli-
kering med avseende på tillgång på underlag, motiveringar för att genomföra replike-
ringar och diskussion av subjeken för experimenten (studenter eller yrkesaktiva).

Slutligen diskuteras undersökningens slutsatser, och förslag på möjliga förbättring-
ar av riktlinjer för experimentering och replikering lämnas, tillsammans med förslag
på vidare forskning.
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replica, experiment series, external validity, construct validity, guidelines
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Foreword

I stumbled upon the topic of software engineering and empirical experiments
in particular during my stay as an exchange student at the University of Oslo.
I took the course in software engineering (INF31201) during the fall semester
of 2004. In this course, Hans Gallis asked if any of the students had a good
command of the Swedish language, as he needed to run a pilot test of a
controlled software engineering experiment that the Simula Research Lab was
planning. Like for any students, the perspective of earning a little money while
doing something actually related to my studies was appealing [2].

Participating in this pilot test, I got quite interested in the topic of empirical
software engineering, and I contacted Simula to ask if they had any openings
for master’s theses. It turned out they had, and from a broad selection of
aspects of empirical software engineering I chose to look at replication.

Some readers may argue that this is not a computer science thesis in the
strict sense—the only code written in the production of this thesis are a few
lines of perl and the LATEX code of the thesis itself. However, I believe that
I couldn’t have written this thesis without a sound background in computer
science, and I also believe that this thesis will be a valuable contribution to the
field. One might also argue that software engineering is a discipline in itself
and distinct from computer science.

The writing of this thesis has been a valuable experience for me, and I hope
that it will have taught me as much about scientific research methods in general
as it has about replicated experiments in empirical software engineering. Such
methods, I have come to learn, are invaluable in almost any field, including
higher education policy which is another interest of mine [1, 2].
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Chapter 1

Introduction

The whole trouble comes from the
fact that there is so much
tinkering with software. It is not
made in a clean fabrication
process, which it should be. What
we need, is software engineering.

Friedrich L. Bauer

This thesis deals with a scientific method—replication—as applied to the
empirical research in a scientific discipline: software engineering. Software
engineering is an important field of research, as it is concerned with both
the quality and cost of software production. Software affects every aspect of
our lives, and thus, software engineering research can potentially have great
impact on the most diverse aspects of life.

The Institute of Electrical and Electronics Engineers (IEEE) defines soft-
ware engineering as ‘the application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of software; i.e., the
application of engineering to software’ [r25]. The scientific discipline of soft-
ware engineering is concerned with the development and evaluation of such
approaches.

Empirical software engineering

Empirical studies, i.e. studies based on observation and experience, are a fun-
damental component of software engineering research and practice [r60]: soft-
ware development practices and technologies must be investigated and backed
up with empirical proof in order to be understood, evaluated, and adequately
deployed in industry, training and further research. This stems from the ob-
servation that higher software quality and productivity are more likely to
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1. I

be achieved if efficient, well-understood, well-evaluated, tested and proven
practices and technologies are introduced in software development [r20, r55].

In software engineering experiments, subjects (i.e. programmers) perform
a given task, usually in a laboratory environment. As in any experiment, re-
searchers try to manipulate one or more variables while fixing or monitoring
every other variable, i.e. the environment. Examples of such variables are tasks
and assignments, problem-solving methodologies, algorithms, time, or the ex-
perience of the subject. This differentiates controlled experiments from other
empirical methods, such as surveys and case studies, where no variables are
fixed or monitored [r60, r26].

Validity in software engineering experiments

Experimental studies in software engineering have been carried out for several
decades, and a number of studies have identified and discussed the strengths
and weaknesses of this method of scientific investigation.

The results of an experiment can of course never be better than the design
of the experiment. Experiments are conducted to verify hypotheses, and if the
hypothesis is not formulated correctly or isn’t applicable, the experiment in
itself will be flawed.

Brooks et al. [r8] note that ‘work can often be regarded as research by
advocacy, that is the work is managed to support an idea or tool and lacks the
rigour [that is] characteristic of empirical studies in more established areas of
modern engineering, scientific, and social science disciplines.’

Empirical design, or experiment design, is another issue: is the experiment
actually measuring what it is meant to measure? Are all variables that aren’t
under scrutiny being monitored or maintained at fixed levels?

The question of whether an experimental result, or rather the conclusion
from this experimental result, is ‘true’, is a pivotal issue in research. This
concept is usually referred to as validity, i.e. are the conclusions from a specific
experiment valid across a greater field that that under immediate study in the
experiment?

Replication

Replication is often proposed as one of the major avenues to achieve, or en-
sure, greater validity in software engineering research. However, the act of
replicating software engineering experiments brings with it some problems of
its own; problems which this thesis will attempt to systematise and address.

Replication, in the context of this thesis, is the repetition of an experiment,
either as closely following the original experiment as possible, or with a de-
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liberate change to one or several of the original experiment’s parameters. In
the general literature on scientific methods, the term is sometimes used to
describe a particular way of conducting a single experiment [r29]; this is not
the definition used in this thesis (c.f defintion 2).

The replication of controlled experiments is considered a ‘crucial aspect of
the scientific method’ [r26, r36]. However, replication is not commonplace in
software engineering: for example, Sjøberg et al. [r55] report that of the 113
experiments studied in their survey, only 18 percent were replications.

In a recent article, Miller [r41] asks whether replicating software engineer-
ing experiments is ‘a poisoned chalice or the Holy Grail’? He argues that the tra-
ditional view of replication should be broadened to make it an effective tool to
support software engineering research. Part of the problem is to make external
replication more attractive. This is supported by other researchers, who note
that ‘replicated studies as ours and others are sometimes disregarded’ [r49] and
‘it has traditionally been difficult to publish such “unsuccessful” studies’ [r3].

Brooks et al. [r8] produced a set of guidelines for the replication of soft-
ware engineering experiments in 1996, in what might be described as a case
study on replication of a software engineering experiment. Miller [r41], one of
the co-authors of [r8], writes that software engineering experimentalists still
rely on frameworks from other disciplines in lack of an established empirical
framework within the discipline.

Shull et al. [r51] discuss how deficiencies in laboratory packages and doc-
umentation are one of the weak points within the discipline that makes it
difficult to use replication to advance our knowledge. Besides flaws in the
design set-up, they attribute the problems of replication to weaknesses in the
documentation of experiments. As a solution, they propose better laboratory
packages and the use knowledge sharing mechanisms.

1.1 Objective

The objective of this thesis is to study the use of replication of controlled
experiments in empirical software engineering. As shown in the previous
section, this is a crucial element of research in empirical software engineering,
but a brief look at the existing work reveals that the phenomenon of replicating
controlled experiments hasn’t been widely studied.

This thesis will address both replication from a practical perspective by
looking at reports of actual replications, and from a theoretical perspective,
looking at theory on the ‘art’ of replicating experiments as applied to the field
of empirical software engineering.

3
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The theoretical foundations of replication in empirical software engineer-
ing are described in some depth in the chapter on related work (chapter 2).
I have covered the work on replication that I could identify though system-
atic searches of electronic literature databases as well as the methodological
references used by experimenters.

The main part of the survey, chapters 4 to 6, are a detailed study of all reports
of replicated software engineering experiments referred in on-line archives.
This survey studies these experiments mainly with regards to the operation
and implications of replication. In order to draw a complete picture of the
state of experiment replication as a scientific method in the field of empirical
software engineering, it has been necessary to look at a variety of other aspects
as well.

Finally, I will make some suggestions for further work in the field that can
contribute to a more thorough understanding of both the practical operation
of replication and to the theoretical background.

1.2 Research method

The research method forming the basis for this thesis is a systematic review,
which has been defined by Kitchenham [r33] for the discipline of software
engineering. These guidelines were not applicable without modification to the
survey described in this thesis; some variation became necessary. In order to
ensure a well-defined framework for the study, the elements of Kitchenham’s
guidelines that were applicable were largely maintained.

The main difference, then, is that the survey described here is not based on
a distinct research question: the motivation for this survey is a broad interest
in the operation of experiment replication within the field of software engin-
eering. The formulation of research questions or hypotheses would only have
limited the scope of the survey.

The survey itself involved studying reports of replicated experiments, iden-
tified from a number of sources. In total, several hundred articles were subjec-
ted to a cursory review, and a total of 51 instances of experiments in 42 reports
were studied. Information about each experiment series and each replication
was collected on specially prepared forms and in a bibliographical database.

The information drawn from the reports was then synthesised, with a spe-
cial focus on how the experimenters describe the operation of the replication
and the reasons for replicating the experiment.

As the reader will note, the bibliography of this thesis is split into two parts:
one part that lists references I have used in the writing of this thesis, and another
part that contains the publications I have surveyed. The underlying reason
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for this division is that I received a significant ready-made selection of articles
describing replicated experiments from the CONTEXT project described below,
and the research group that produced this selection doesn’t want this list to be
published.

1.3 Research context

This master’s thesis is related to the Controlled Experiment Survey (CON-
TEXT) project that is currently run by the Simula Research Lab [r52]. The
primary goal of CONTEXT is to survey every report describing controlled
experiments in empirical software engineering, published in eleven leading
software engineering journals and conferences, between 1993 and 2002. This
material is systematically gathered and analysed by a group of researchers
and students at Simula Research Laboratory. The results are documented in a
database to enable the production of statistical reports as well as the evaluation
and comparison of various controlled experiments.

During this survey, which is reported in a recent article by Sjøberg et al. [r55],
it became apparent that a separate, in-depth investigation of both replications
and the phenomenon of replication would be necessary. This thesis is a first
step in that direction.

As this thesis looks at replication, I have chosen to enlarge the scope of
the published material so that all experiments that are part of a series are
included, even when not all of the reports are covered in the eleven journals
and conferences mentioned above (e.g. Ph. D. theses such as Daly [r15] (and [?
? ])).

The Simula Research Lab [r53] is a research and research teaching centre for
computer science funded by the Norwegian government as well as through
research grants. It is named after the Simula programming language, the first
object-oriented language developed by Kristen Nygaard and Ole Johan Dahl
some 40 years ago. The centre has three departments: Networks and Distrib-
uted Systems, Scientific Computing and Software Engineering. This thesis,
and the CONTEXT project, are done at the Software Engineering department.
The department is part of the International Software Engineering Research
Network (ISERN).

1.4 Contributions

Previous work in the field can be roughly divided into three categories. Firstly,
there are publications that discuss the scientific validity and maturity of soft-
ware engineering research, often arguing that replication is an aspect where

5



1. I

much remains to be done not only in quantitative terms, but also in terms
of quality. Secondly, there are publications that are concerned with a specific
subject within the discipline of software engineering. In such publication, the
results of the replication are in the spotlight, not the operation of a replication.

Finally, there is a category of surveys of empirical studies in software
engineering; these tend to look at very many different aspects of the empirical
method. However, as replication is not commonplace in the discipline, such
surveys are not positioned to study this particular subject in great detail.

Publications reporting actual replications tend to include a brief section
that combines the three categories above.

The subject of this thesis is at the junction of those three categories. It
distinguishes itself from previous work as it is an empirical look at a large set
of replications. Previous work on replication as such, encompassing the entire
field of empirical software engineering is generally based on a theoretical
foundation, as opposed to the empirical base of this thesis. Previous surveys
encompassing the entire field of empirical software engineering, on the other
hand, have not been concerned with replication their main topic.
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1.5 Structure

The remainder of this thesis is organised as follows:

Chapter 2 Related work
page 9 Identification and description of existing guidelines for

controlled experiments in software engineering and their
replication.

Chapter 3 Method
page 19 Discussion of the method of identification and review of

articles describing replicated software engineering exper-
iments.

Chapter 4 Tabular overview
page 25 Organisation of reports into categories and series.

Chapter 5 Quantitative analysis
page 33 Review of the properties of replicated software engineer-

ing experiments.

Chapter 6 Qualitative analysis
page 41 Reflections on replication of experiments as collected

from the reports analysed in chapter 4.

Chapter 7 Validity
page 49 A discussion of the internal, external and construct valid-

ity of the findings in this thesis.

Chapter 8 Results and further work
page 51 Conclusions of the review and synthesis of the related

work in order to establish guidelines for the replication
of controlled experiments in software engineering.

Appendices
page 65 Survey details

page 107 Search results
page 127 Simula Research Lab
page 125 Laboratory packages

7





Chapter 2

Related work

Previous work related to this thesis can be grouped into two categories. On
the one hand, I will look at previous surveys of controlled experiments in
software engineering. This includes both surveys covering the entire discipline
of software engineering, and surveys concerned with experiments on specific
topics (such as object orientation or testing techniques).

This thesis is limited to replicated experiments, so the surveys in this first
group can be expected to cover a significantly larger number of experiments
than this thesis, because they will cover a large number of non-replicated
experiments. However, my review of these surveys will be concerned with
their coverage of replication.

On the other hand, I will look at the theoretical foundations of experiment
replication. A number of guidelines have been formulated, both on replication
in particular and as broader sets of guidelines for empirical investigation
in software engineering in general. Many of these refer to, or make use of,
guidelines from other scientific disciplines.

2.1 Identification of related work

Related work has been identified by systematical searches of databases. Thanks
to a broad approach to the identification of related work, I was able to identify
related work in both of the categories above with the same search strategy; a
strategy that also had a large degree of overlap between searches for related
work (i.e. surveys and other texts on replication as a scientific method in
experimental software engineering) on the one hand, and reports of replicated
experiments as such on the other hand.

I used the electronic library system at Lund University, the Electronic Lib-
rary Information Navigator (ELIN@) [r39]. This library system consists of over
300 databases, and includes, for example, IEEE on-line, Science Online and

9



2. R 

ACM. Furthermore, the system consists of over 11 000 journals and conference
proceedings, including Kluwer, IEEE, IEE, Elsevier, Wiley and others. Table 2.1
shows a list of databases that resulted in search results (sorted by order of fre-
quency, before any selection or elimination). All these searches were performed
on June 1, 2005.

Num. of hits Database URI
85 IEEE http://ieeexplore.ieee.org/
47 Proquest http://proquest.umi.com/login
26 Kluwer http://www.springerlink.com/
4 Elsevier http://www.sciencedirect.com/
3 Wiley http://www.interscience.wiley.com/
1 arXiv http://www.arxive.org/
1 Catchword http://www.ingentaconnect.com/

Table 2.1: Databases actually accessed by ELIN@

The search terms I used were "software engineering" and replication.
I also searched for the terms "software engineering" and "external va-
lidity", as external validity is the problem that replication is meant to address,
but this search didn’t turn up any relevant results. Looking deeper into the
results, I identified another relevant combination of search terms: "software
engineering" and guidelines and experiments.

The search for "software engineering" and replication turned up 91
hits. However, most of them were concerned with the replication of data or
processes in distributed systems, or described the replication of a specific
experiment without addressing the issue of experiment replication as such.
The number of articles retained was five.

The terms "software engineering" and guidelines and experiments
returned 15 articles. Searching for "software engineering" and "external
validity" turned up two articles, one concerned with the use of students as
subjects and one describing a particular experiment.

I read the abstracts for all articles found and identified those 8 that were
concerned with the scientific implications of the replication of experiments. A
large number of articles that described replications of experiments were set
aside for processing in a later stage of this thesis.

Another major source of inspiration and related work is to be found in
the references of the articles surveyed in the following chapters. These reports
of actual replications often refer to overviews of previous experiment series
in the same or related topics, and they almost always refer to guidelines for
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Surveys of replicated experiments

the operation of experiments, and in some cases, specific guidelines for the
replication of experiments.

2.2 Surveys of replicated experiments

As outlined above, there are a number of existing surveys on the topic of
experimentation in empirical software engineering. One group of these are
surveys across the whole discipline, describing the state of the art in the field,
and discussing various general issues and observations on experimentation,
statistics and reporting. A second group of surveys describe series or families
of experiments within a specific software engineering topic, summarising the
results of empirical research within that topic.

General surveys on experimentation in software engineering

The base for this thesis, both in terms of the choice of topic and in terms of the
first set of materials to be analysed, is the survey by Sjøberg et al. [r55]. This
survey reviews all articles and conference contributions describing controlled
experiments in software engineering from a well-defined set of journals and
conferences.

Section 9 of the survey by Sjøberg et al. [r55] gives an account of replications
of controlled software engineering experiments. They note that only 18 per-
cent of the experiments surveyed are replications. Out of the experiments
studied, ‘five were close replications’ according to the definition of Lindsay
and Ehrenberg [r36], and in all these ‘the results of the original study were
confirmed’. Among the differentiated replications, they note that the success
is much larger—seven out of eight—if the replication is performed by the ex-
perimenters of the original experiment than if the replication is done by other
researchers: ‘Six of these [seven] reported results differing from the original ex-
periment and one partly confirmed the results of the original experiment. [r55]’

The Sjøberg survey also points to four other surveys of experiments in
empirical software engineering: Tichy et al. [r59], Zelkovitz and Wallace [r62],
Glass et al. [r21] and Zendler [r63].

Zelkovitz and Wallace [r62] use the term ‘replicated experiment’ as one of
twelve categories in a taxonomy of experimental methods used in software
engineering. Interestingly, however, none of the other surveys address replic-
ation of software engineering experiments.

As far as I have been able to identify, there have not been any surveys
focused on the replication of software engineering experiments in general. The
publications that do offer advice on how to perform replications are usually
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based on the authors’ experience or on more general discussions on the low
standards in empirical software engineering, such as the article by Kitchenham
et al. [r34].

Surveys on experimentation in specific software engineering fields

With regards to the group of surveys that focus on experimentation within the
confines of a specific software engineering topic, these reports were not found
in my initial search. Instead, they were identified by studying the reports of
actual replications, or by studying the reference material of the more general
studies discussed above.

The Lund and Blekinge group or groups (Höst, Ohlsson, Regnell, Runeson,
Thelin, Wesslén, and Wohlin) offer a survey of the exisiting work and replic-
ations within the field of requirements inspection in articles [? ? ] and their
book [r60]. Basili et al. [r3] also report on this series. None of these studies elab-
orate on replication as such; a discussion of their findings on the experiment
series can be found in section 5.6.

Hansen [r22] and Liborg [r35] have pointed out three other articles describ-
ing the state of play in experimenation in limited fields: Jørgensen [r27], Juristo
et al. [r31] and Deligiannis et al. [r18].

Jørgensen [r27] reviews studies of development effort estimation. The pub-
lications under review do not overlap with the publications in this survey, nor
does Jørgensen’s review discuss replication. The review further combines both
experiments, case studies and surveys in its analysis of the field.

The study on testing technique experiments by Juristo et al. [r31] points out
replication as a cornerstone in confirming research result; successful replication
is one of the methods the authors suggest to confirm knowledge obtained from
such experiments. Juristo et al. [r31] further remark that a the large majority of
experimental results studied in their review is ‘pending laboratory replication’.
The authors also note that ‘it would be recommendable to unify the techniques
under study in future replications to be able to generalise conclusions’.

The review by Deligiannis et al. [r18] covers a greater field: experimental in-
vestigations into object-oriented technology. The review makes few comments
on replication as such, but seems to put forward the notion that too close
replications tend to inherit flaws in experimental design, thereby limiting the
value of the replication in confirming the findings of the original experiment.
I discuss this issue further in subsection 6.2.

Given that these reviews cover some quite specific aspects of the topic they
are concerned with, I will come back to their findings when discussing this
series of experiments in section 5.6.

12



Guidelines for replicability and replication

2.3 Guidelines for replicability and replication

The second category of publications that must be regarded as related work
to this thesis are guidelines for the replication of experiments. The level of
detail of these guidelines varies greatly, and in section 6.4 I will get back to
the extent to which the practitioners of replications make reference to these
guidelines. Some of the guidelines were identified in my literature search but
aren’t referenced at all in the literature, while other weren’t present in my
searches but are routinely referred to in reports of replication.

Replication An attempt to reproduce an empirical study in
order to further validate its findings, or the successful outcome of
such an attempt.

Definition 1: Replication

It may be argued that the analysis of the guidelines that are actually referred
to by replication practitioners should be dealt with in a chapter after the actual
survey has been reported, i.e. after chapter 4. However, I believe it is more
fruitful to compare the guidelines that are used in practice to those guidelines
the literature search turned up in this chapter. In addition, this will give a more
complete overview of existing guidelines.

Specific guidelines for empirical software engineering

In one of the first articles discussing replication of experiments in software
engineering, published in 1986, Basili et al. [r2] don’t actually formulate any
guidelines on how to replicate, and there is no distinction yet between internal
and external replication. However, this 1986 article is important because it
brings the concept of replication from the general domain of scientific meth-
odology as discussed by Box et al. [r6] and Cochran and Cox [r12] into the
software engineering field by suggesting replication not only as a choice in ex-
periment design, but also as a possible ‘next step’ to be taken after the original
experiment is concluded.

In 1994 and 1995, Pfleeger discusses replication in her series of articles on
experimental design and analysis. She makes a clear point that replication is
a prerequisite (though not always a practical possibility) for a test to qual-
ify as a formal experiment [r44]. Pfleeger then goes on to describe different
possibilities of replications, i.e. ‘variations in experiments, subjects or state
variables’ and underlines that a replication means ‘repeating an experiment
under identical conditions’ and not ‘repeating measurements on the same
experimental unit’ [r45].
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Pfleeger further argues for meticulous documentation of the replication:
‘The experimental design must describe in detail the number and kinds of rep-
lications of the experiments. It must identify the conditions under which each
experiment is run (including the order of experimentation), and the measures
to be made for each replicate. [. . . ] That is, we want to be sure that the exper-
imental results clearly follow from the treatments that were applied, rather
than from other variables.’ [r45]

Brooks et al. [r8] produced a set of guidelines for the replication of soft-
ware engineering experiments in 1996, while at the same time testing these
guidelines in practice. Their arguments for replication are equally strong:
‘Without the confirming power of external replications, results in experimental
software engineering should only be provisionally accepted, if at all. [. . . ]
Every stage of an experiment from background reading through to result in-
terpretation through to the writing of the report and its conclusions is prone
to error. Because of the problems above, scientists demand that experimental
results are externally reproducable i.e. that an independent group of other
researchers can repeat the experiment and obtain similar results. External rep-
lication is an alleged cornerstone of modern scientific disciplines.’

The work of Brooks et al. [r8] is clearly labeled as an extension of Basili
et al. [r2], ‘to differentiate between the various kinds of internal and external
replication and their powers of confirmation and to allow a better appreciation
of the context of a piece of empirical work’.

A number of problems are identified that make (external) replications dif-
ficult: ‘methods may be poorly reported so that it is impossible to perform an
external replication study. For example, instructions and task materials given
to subjects may not be fully reported or may otherwise be unobtainable. Other
authors have criticised poor reporting.’ [r8]

Brooks et al. [r8] go on to discuss why the traditional distinction into internal
and external replications is not sufficient. They discuss the pros and cons of
various forms of replication, and define three axes of distinction: method, task
and subject. Each of these elements can be modified by a researcher planning
to perform a replication, and the choice should be consciously made with
regards to the objective of the replication.

In 1999, Basili et al. [r3] expands the theoretical foundation of replication in
experimental software engineering to what they call ‘families of experiments’.
The reason for this is that it is ‘hard to know how to abstract knowledge
[from software engineering experiments] without a framework [. . . ] that al-
lows results to be combined an generalised [. . . ] by creating a list of the specific
hypotheses investigated in an area’.
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In order to achieve this, the authors suggest that each hypothesis is defined
in a way that allows specific experimentation, including possible variations
of such experiments and the effects of such variations. Also, experiments that
have been carried out need to be documented in such a way that they can
be easily replicated with various degrees of variation of the experimental
design. Lastly, they call for a ‘a community of researchers that understand
experimentation and the need for replication, and are willing to collaborate
and replicate’. [r3]

Basili et al. [r3] also proposes a categorisation of different types of replica-
tion; however, I found this structure to be imprecise and less useful than the
scheme proposed by Brooks et al. [r8]

In their book, Wohlin et al. [r60] describe replication as a central mechanism
to achieve validity, albeit a sometimes expensive one. They use the term ‘true
replication’ of successful, close, external replications. When discussing the
reasons why replications are unsuccessful, they have a different angle: ‘If we
do not get the same results, we have been unable to capture all aspects in the
experiment design that affects the result’.

In terms of general experiment set-up, the Wohlin et al. [r60] book is fre-
quently used by practitioners. The book also recommends that information
and materials about any experiment should be made accessible after any ex-
periment, to enable both deeper insight and replication.

Shull et al. [r51] discuss how deficiencies in laboratory packages and docu-
mentation are one of the weak points within the discipline that makes it difficult
to use replication to advance our knowledge. They attribute the problems of
replication to flaws in the design set-up and, in particular, documentation of ex-
periments. Laboratory packages and knowledge sharing mechanisms, based
on the work of Nonaka and Konno [r43].

Miller, one of the co-authors of [r8], recently wrote [r41] that software
engineering experimentalists still rely on frameworks from other disciplines
in lack of an established empirical framework within the discipline. This is
one of the aspects that this thesis will look into.

Guidelines for replication from other fields

Three other scientific fields seem to be common reference marks when it comes
to the replication of experiments in software engineering. Medical science and
physics, with their strong and long traditions, form an important background
to theoretical discussions of different aspects of replication. Kitchenham et al.
[r34], for example, provide numerous examples from the medical sciences
(e.g. surgery, psychiatry and obstetrics) and go on to synthesise and adapt
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guidelines from this field in particular to for their ‘Preliminary guidelines
for empirical research in software engineering’. Some reference is also made
to examples from physics, but they are usually very general, such as Brooks
et al. [r8] referring to the ‘kitchen-sink fusion’ experiment that has never been
replicated or quotes of Rutherford saying ‘If you experiment needs statistics,
you should have designed a better experiment’.

The practitioners of replication however (as identified in this survey)
mainly refer to references from the domain of social science, with books such as
as the ones by Cook and Campbell [r14], Campbell and Stanley [r9], Judd et al.
[r28, r29] and Shadish et al. [r50] or articles like the ones written by Rosnow
and Rosenthal [r48], Lindsay and Ehrenberg [r36] or Lucas [r38].

The books that were available to me—Judd et al. [r29], Shadish et al. [r50]—
don’t cover replication in the sense it is used in this thesis at all. They do
have valuable guidelines for the design, set-up and analysis of experiments in
general, but their definition of the term replication is different (c.f. subsection 1).

Statistical replication Performing the same treatment combin-
ation more than once, typically to improve internal validity or to
avoid statistical errors.

Definition 2: Statistical replication

The articles, and Lindsay and Ehrenberg’s [r36] in particular, are clearer
on this point. Lucas [r38] writes that the traditional conception of what a
replication is is rather narrow. In fact, any study based on ‘the same theoretical
propositions with alternative empirical indicators’ is a replication, even though
it ‘may not employ the same methods and settings as previous tests.’

This is a central element of research: ‘When a theoretical principle is sup-
ported in diverse replications, we gain confidence in the theory, and each
successive test increases external validity. [. . . ] No study, taken alone, can
produce general knowledge.’ [r38]

However, Lucas [r38] argues that the main problem lies in the theoretical
foundations of many studies. No amount of replication, be it in the wide sense
and indeed maybe unintentional, or in the close sense, can compensate for a
poor theoretical underpinning of a study.

Lindsay and Ehrenberg [r36], writing on replication in the field of social
science and organisational science in particular, start out by establishing that
there is a bias against the publication of replicated studies, alongside a bias
against the publication of results from unsuccessful studies. Several research-
ers in the field of empirical software engineering echo this conclusion [? ],
[r3, r41]. Lindsay and Ehrenberg further attribute this effect to the misguided
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‘focus on single sets of data’, notably in the teaching of statistics. Lindsay and
Ehrenberg go on to argue that replications ‘need not and should not be mere
repetitions’. They discuss three main features of replications:

Firstly, at least one replication is needed for results to be of any interest at all.
‘An isolated study remains virtually meaningless and useless in itself.’ [r36]
Any result from such a study is ‘a one-off result’, and it is not clear whether the
conclusions will hold again; ‘without knowing this, why should anyone pay
attention? [. . . ] The first replication is therefore the most dramatic’ because ‘it
shows whether or not a wider [. . . ] generalization is possible’. [r36]

Secondly, Lindsay and Ehrenberg argue that ‘replication must always in-
volve some variation in the conditions of the study’. In fact, an identical rep-
lication is ‘impossible’ on the one hand and ‘would be [. . . ] pointless’ on the
other hand. ‘In general, the more explicit, differentiated, and/or deliberate such
variations [are] while still obtaining the same result’, the more valuable these
replications are.

Thirdly, Lindsay and Ehrenberg introduce the concept of close and differ-
entiated replications that is also applied in this thesis, c.f. definitions 3 and 4.

Close replication A replication that attempts to keep almost
all the known conditions of the study much the same or at least
very similar as they were in the original experiment.

Definition 3: Close replication

Lindsay and Ehrenberg note that even close replications do vary in one
respect or another, and argue that is important to try and capture these differ-
ences. They will be valuable in the analysis both if the result of the replication
matches the result of the original experiment, and even more so if the results
do not coincide. Such close replications are ‘particularly suitable early in a
program of research’ to see if the results of a study can be repeated at all.

Differentiated replication A replication that involves delib-
erate, or at least known, variations in fairly major aspects of the
conditions of the study.

Definition 4: Differentiated replication

As a research programme evolves, the interest of differentiated replications
grows. According to Lindsay and Ehrenberg [r36], there are three main reasons
to perform differentiated replications. Firstly, by varying the methods, materi-
als and subjects, researchers can be more confident that the results are ‘not just
an artefact either of the persons conducting the study [. . . ] or of the particular
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manner in which the original study had been conducted’. Secondly, differenti-
ated replications will widen the scope of the result; and thirdly, ‘differentiated
replication is a search for exceptions,’ cases where the results do not hold.

2.4 Conclusion

As this overview of related work has shown, there doesn’t seem to be a common
ground on guidelines for the replication of experiments in empirical software
engineering. As Miller [r41] has remarked, there are a number of valuable sug-
gestions, but section 6.4 of this survey shows that they are not yet commonly
used. It would probably be worth while to integrate such guidelines into works
that begin to be regarded as standards in the field, such as the books by Juristo
and Moreno [r30] or Wohlin et al. [r60].
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Chapter 3

Method

In this chapter, I will outline the methods I have used in the collection of public-
ations to be surveyed. The chapter will also describe the specific information
that was retrieved for each experiment series, experiment and article, as well
as detailing how this information was systematised and categorised.

I have taken a start in the procedures proposed by Kitchenham [r33]. These
procedures are an adaptation of the well-established review procedures from
medical sciences to the software engineering discipline.

However, Kitchenham’s procedures are not a perfect fit for this thesis
either, because those procedures are designed with another type of review
in mind: reviews focusing on a specific software engineering phenomenon.
The present survey, on the other hand, is concerned with a specific theory-
of-science phenomenon—replication—in the context of software engineering
research (and not in the context of software engineering as such).

The Kitchenham guidelines are still very useful, because many of the
specifics and weaknesses of software engineering research that shape those
guidelines also influence the present survey.

The procedures dissect the procedure of a systematic review into three
stages: planning, conducting and reporting the review.

The procedures make special mention of those parts that the author con-
siders most crucial for inclusion in Ph. D. theses (as opposed to larger, multi-
researcher projects) [r33]. I have taken that list as a guideline for my efforts.

• Developing a protocol.

• Defining the research question.

• Specifying what will be done to address the problem of a single re-
searcher applying inclusion/exclusion criteria and undertaking all the
data extraction.

• Defining the search strategy.
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• Defining the data to be extracted from each primary study including
quality data.

• Maintaining lists of included and excluded studies.

• Using the data synthesis guidelines.

• Using the reporting guidelines.

3.1 Planning the survey

The survey was planned on the basis of a general interest into the use of
replication with regards to controlled experiments in experimental software
engineering. This is the main difference to the reviews Kitchenham [r33] dis-
cusses: the present survey has no distinct research question from the field of
software engineering. Instead, the question is: How do researchers in the field
of empirical software engineering use replication?

The formulation of more distinct research questions or hypotheses in the
context of a master’s thesis is not practical. A student will, in general, only have
a very sketchy understanding of the field under investigation for the thesis
before beginning the survey, and hypotheses would either have to be supplied
by a supervisor, or the student would be forced to revisit them repeatedly
as the survey proceeds—possibly entailing a need to redo large parts of the
survey. Therefore, I chose to keep my options open (c.f. section 7.3).

The review protocol for this thesis was put together and discussed with
my thesis supervisor in Oslo, Amela Karahasanović; my supervisor in Lund,
Göran Fries, also had a look at it. It outlined the basic research questions as
well as the possible sources for investigation; mainly existing collections of
articles and extensive database searches.

In terms of a me being a single researcher undertaking the entire review
from searching, inclusion and exclusion and data extraction, I have made use
of both secondary literature and the body of publications provided to me at
the outset to minimise the risk of flaws ensuing from any biases I may carry.
The issue of validity is discussed in greater depth in chapter 7

3.2 Conducting the survey

Kitchenham divides this phase of the review into five steps. The research to
be surveyed must be identified, a selection of relevant results must be made
from this mass, the quality must be assessed, data must be extracted and the
process monitored, and finally, the data must be synthesised.
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Journals
ACM Transactions on Software Engineering Methodology (TOSEM)
Empirical Software Engineering (EMSE)
IEEE Computer
IEEE Software
IEEE Transactions on Software Engineering (TSE)
Information and Software Technology (IST)
Journal of Systems and Software (JSS)
Software Maintenance and Evolution (SME)
Software: Practice and Experience (SP&E)

Proceedings
International Conference on Software Engineering (ICSE)
IEEE International Symposium on Empirical Software Eng. (ISESE)
IEEE International Symposium on Software Metrics (METRICS)

Table 3.1: Journals and proceedings in the Sjøberg et al. [r55] survey

Identification of survey material

The identification of material to be surveyed began with the results of the
Sjøberg et al. [r55] survey. That survey reviewed experiments described in ‘a
sample of nine journals and three conference proceedings in the decade from
1993 to 2002’, listed in table 3.1.

The Sjøberg et al. survey had identified 22 articles as relevant ([? ? ? ? ? ? ?
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ]).

I also reviewed the results of my search in chapter 2.1 to identify further
articles that describe replicated experiments, finding another 6 articles [? ? ?
? ? ]. On June 3, 2005, I complemented my search: I searched for "software
engineering" and replicatedwhich returned 76 matches, one of which [? ]
was relevant and new. Finally, to ensure full coverage, I searched for the terms
"software engineering" and replicates with a result of two articles that
I already knew about from the previous search, "software engineering"
and replicating for 7 articles I already had found and one that invited
other researchers to replicate the experiment reported, and finally "software
engineering" and replicawhich didn’t return any relevant articles.

The data for all publications was archived in an annotated database, a
database that was later re-used to constitute the reference system for this
thesis. The raw search results are presented in appendix B for reference.

Selection of publications

The database searches returned a large number of results. One might argue
that this indicates that my search strategy or the keywords/search terms I used
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Publication title Year
Empirical Software Engineering 1996

IEEE Trans. Soft. Eng. 1988
Information and Software Technology 1995

Journal of Systems and Software 1995
Software Quality Journal 1997

Table 3.2: Year of first issue available for on-line searching for selected journals

Experiment A trial that is designed in order to verify a hypo-
thesis defined beforehand and carried out in a controlled setting,
in which the most critical factors can be controlled or monitored.

Definition 5: Experiment

were not focussed enough. However, I believe that the terms I chose adequately
describe the field I am interested in. They also describe other, limited fields
of the software engineering discipline, but there were no cases where there
was any doubt as to whether a given article discussed the replication of an
experiment on the one hand or the replication of data or other IT artefacts on
the other hand.

The articles that were harder to judge were those that described replicated
empirical studies other than experiments. I made sure to run all of these (six
in number) by my supervisor who confirmed my judgement on all of them.

The total number of articles identified as describing replicated (in both
senses of the word) experiments is thus 44. These articles describe 51 experi-
ments in 20 series, and 31 replications. Of the 20 series, 14 series were found by
the survey performed by Sjøberg et al. [r55] and the remaining 6 were identified
by the search described above.

Quality Assessment

The procedures set forth by Kitchenham give a detailed account of how the
author proposes that quality assessment in reviews should be done. This is
certainly one of the largest merits of those procedures, however that part of
the procedures isn’t quite applicable to the present survey: The objective of
this survey is to give an account of as many replications as possible.

The majority of the reports surveyed have been published in academic
journals or have been published in the proceedings of research conferences.
They have thus been subject to a peer review process. Some of the experi-
ments are part of Ph. D. theses; they have been assessed in a similar manner.
The remainder (3 publications) have been published as technical reports from
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Conducting the survey

Authors/reference:
Type:
Motivation:
Guidelines:
Materials (other
tasks):
Changes (more
time? debrief?):
Encouragement of
further replication:
Dates:
Subjects (experience,
country, university):
Tasks & materi-
als (measurement
changed how?):
Hypothesis or re-
search questions
changed? added?
Confirms results:
Brooks et al. classific-
ation [r8]:
Other comments and textual quotes:

Figure 3.1: Data extraction form

renowned institutions, and at least in terms of the completeness of the report-
ing, are in no way second to the articles and conference papers.

Hence, no paper has been excluded from my review. Any assessment of
quality was made in the later stages of the review, adding to the total picture
of how replication is practised in empirical software engineering.

Data extraction

The data extraction process was obviously the most time-consuming. The
detailed findings of this process can be found in annex A. The data extraction
form I used is shown in figure 3.1. It may be important to note that every
instance of an experiment represents one data point, and thus one article may
contain more than one data point.
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Data synthesis

The categorisation, analysis and synthesis of the data is described in detail
in the next two chapters. I have striven to use agreed standards of synthesis,
such as the [r8] classification, in my initial approach to the data. A tabular
representation of key elements of each experiment studied was produced, c.f.
table 4.1.

Together with the raw data in articles and reports, the data extraction forms
and the bibliographic database, this table allowed me to study the data from
different angles.

3.3 Reporting the review

Kitchenham’s advice on reporting and publication in the procedures is aimed
at Ph. D. level students and qualified researchers, so it is only partially applic-
able to this thesis. This thesis will be reviewed by my thesis advisors and by
the examination panel at Lund university. Time will tell if any other form of
publication will ensue.

The full documentation of publications reviewed is constrained by the in-
structions I have received. Apart from this limitation, I have strived to provide
as extensive documentation as possible on each step of the survey.

The procedures also lay out a proposal on how the report should be struc-
tured in terms of sections and subsections. I have chosen different titles for the
sections of this thesis; however, I have ensured that all relevant sections are
present.

With regards to writing the thesis, I was also inspired and supported by
some other thoughts on writing, such as the advice of Bailey [r1].

3.4 Conclusion

The guidelines proposed by Kitchenham, as well as a number of other manuals
or instructions, were immensely valuable for my study. At a first glance, some
of them seemed irrelevant, and I didn’t bother to read them thoroughly. As
my study progressed, I returned to these guidelines more and more often to
make sure that the survey process is well documented and traceable.
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Tabular overview

As described above, out of the 41 articles reviewed in this survey, 23 were
part of the survey of Sjøberg et al. [r55]. Another four ([? ? ? ]) were identified
from the references of those surveyed articles. The remaining articles were
identified by independent searches, c.f. appendix B.

The first distinction I applied to the collection of experiment reports was
made according to a set of categories that appeared to be well established in
the field. However, upon closer scrutiny, it became clear that the same words
didn’t always describe the same concepts. I thus had to decide which categories
I was going to apply.

4.1 Grouping and numbering

I started by ordering the experiments into series; i.e. original experiments and
replications of that experiment. Within each series, which were marked with
a letter from A to T, the replications were ordered chronologically.

Series and experiment number

The experiment series are grouped after their topics. The original intent was
to group them by their place in the software engineering process as described
by Sommerville [r56]. However, a more flexible interpretation of the concept
of topic turned out to be more useful, especially with regards to the fact that
the existing literature has grouped them in the same manner (see also section
2.2 and [? ? ] and [r60] on inspection techniques or Deligiannis et al. [r18] on
object orientation).

Within each group of topics, the series have been arranged in chronological
order of oldest-first, and the same ordering is applied to the individual exper-
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Series Year Topic Stud.Prof. Con.Rej. Type Brooksa Ref.

Inspection techniques
A 0 1987 Defect detection � � – – – – (–) [? ]

1 1995 � � � � diff. ext. (i,a,s) [? ]
2 1997 � � � � diff. ext. (i,a,s) [? ]

B 0 1995 Defects-Based Reading � � – – – – (–) [? ]
1 1997 (requirements inspection) � � � � diff. ext. (s,a,a) [? ]
2 1998 � � � � diff. ext. (a,i,s) [? ]
3 1998 � � � � diff. ext. (i,i,s) [? ]
4 1998 � � � � diff. int. (s,s,a) [? ]

C 0 1996 Perspective-Based Reading � � – – – – (–) [? ]
1 1997 (PBR vs. Ad-Hoc) � � � � diff. ext. (i,s,a) [? ]
2 1997 (PBR vs. CBR) � � � � diff. ext. (a,i,a) [? ]
3 1998 � � � � diff. int. (i,i,a) [? ]
4 2000 � � � � diff. ext. (a,s,a) [? ]

D 0 1997 Defect detection � � – – – – (–) [? ]
1 1997 � � � � diff. int. (i,i,s) [? ]

E 0 2001 Perspective-Based Reading � � – – – – (–) [? ]
1 2001 (PBR vs. CBR) � � � � close int. (s,s,s) [? ]
2 2001 � � � � close int. (s,s,s) [? ]

F 0 2003 Usage-Based Reading � � – – – – (–) [? ]
1 2004 � � � � close int. (s,s,a) [? ]
2 2004 � � � � close ext. (i,i,i) [? ]

Object orientation
G 0 1995 Layering and encapsulation � � – – – – (–) [? ]

1 1995 � � � � close int. (i,s,s) [? ]
H 0 1996 Maintainability of OO systems � � – – – – (–) [? ]

1 1996 (inheritance depth) � � � � close int. (s,a,i) [? ]
I 0 1996 Maintainability of OO systems � � – – – – (–) [? ]

1 1998 (inheritance depth) � � � � close ext. (s,s,s) [? ]
2 2000 � � � � diff. ext. (i,a,s) [? ]

J 0 1997 Quality Guidelines � � – – – – (–) [? ]
1 2001 (maintainability of OO systems) � � � � diff. int. (s,i,i) [? ]

K 0 1998 Use Case guidelines � � – – – – (–) [? ]
1 2000 � � � � diff. ext. (i,s,s) [? ]

L 0 1999 Comprehension of OO models � � – – – – (–) [? ]
1 1999 � � � � diff. int. (s,a,s) [? ]

M 0 2002 Design Patterns � � – – – – (–) [? ]
1 2002 � � � � diff. int. (s,a,a) [? ]

N 0 2002 UML class diagrams � � – – – – (–) [? ]
1 2004 (comprehension, modifiability) � � � � diff. int. (s,i,a) [? ]

O 0 2002 Design Patterns � � – – – – (–) [? ]
1 2004 � � � � diff. ext. (i,a,i) [? ]

Software maintenance
P 0 1986 Software maintenance � � – – – – (–) [? ]

1 1994 (modularity) � � � � close ext. (s,i,s) [? ]
Q 0 1999 Maintenance Process � � – – – – (–) [? ]

1 1999 (quick-fix vs. iter. enhanc.) � � � � diff. int. (s,i,s) [? ]
2 1999 � � � � diff. int. (s,i,i) [? ]

Miscellaneous
R 0 1991 Visual depiction of � � – – – – (–) [? ]

1 1997 decision statements � � � � close ext. (s,s,s) [? ]
S 0 2001 Database referential � � – – – – (–) [? ]

1 2001 integrity metrics � � � � diff. int. (i,s,i) [? ]
T 0 2001 Process simulation models � � – – – – (–) [? ]

1 2003 (learning efficiency of) � � � � close int. (s,s,s) [? ]

Table 4.1: Overview of experimentsb

a(Method, Tasks & Materials, Subjects)
bPlease refer to the text for notes regarding this table.
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Categorisation

iments. This allows the reader to see which series and which experiments can
or could have been informed by the results of previous series or experiments.

Year

The year listed in the table is the year of publication of the result. In many cases,
due to the nature of scientific publication with its peer review and editorial
processes, the actual experiment may have been performed up to several years
earlier—there are examples of delays of up to five years. However, the date of
the experiment isn’t always presented in the report, and secondly, the date that
is of interest to this survey is the date when the research results were published
and thus became widely known. The empirical software engineering scene is
obviously quite small, so a share of the researches in the field will inevitably
have had knowledge of such results before the actual date of publication.

4.2 Categorisation

In the literature reviewed, replications are generally categorised along two
main lines: internal–external and close–differentiated. In the related work
studied in the previous chapter, some alternative classification schemes have
been proposed, and I will discuss below which schemes I have chosen for my
survey.

Topic

The attribution of experiments to topics has been taken primarily from the re-
ports themselves, correlating where applicable the categorisations made in the
secondary reports described in section 2.2. I have also grouped the topics into
larger categories; in particular, inspection techniques and object orientation.
To a certain degree, there is a possible overlap in these categories; for example,
some of the object-orientation experiments address maintainability issues in
object-oriented software engineering methods.

Subjects

In the overview presented in the table on page 26, the experiment subjects
have only been roughly divided into either students or professionals. The
selection of subjects is reported for almost every experiment, even though the
level of detail varies greatly. A number of experiments used both students and
professionals, as well as academics, as subjects.
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Results

A first overview is given of whether the replication confirms or rejects the
findings of the original experiment. In most cases, the reports make clear
statements; the exception being experiments that have several hypotheses,
some of which are confirmed and some of which aren’t.

The results in table 4.1 have been taken from the reports, but have also been
correlated with the secondary literature referred in section 2.2 .

Replication type

The literature suggests two broad categories that replications can be divided
into. Both of these categories are of the either—or type, so they’re very simple
and I have therefore chosen to use them.

Close or differentiated replication

The distinction between close and differentiated, which is proposed by Lindsay
and Ehrenberg in [r36], is a rather coarse distinction, c.f. definitions 3 and 4.

If one distinguishes only close and differentiated replications, a replication
that uses professional subjects instead of students would be in the same cat-
egory as a replication that uses the same subjects as the original, but with
tasks in another programming language. However, the distinction does have
its merit as a first, rough categorisation; the meaning of ‘differentiated’ in such
a context would be ‘not close’.

Internal or external replication

The distinction between internal and external replications is quite clear: Ex-
ternal replications are independent replications performed by researchers dif-
ferent from those who performed the original experiment. Internal replications
are replications that are not external. However, there are of course cases when
this categorisation is not clean-cut: replication T:1, for example, is described by
the authors as being ‘external’, while I have categorised it as internal—the ex-
periment is carried out by the same researchers, who have travelled to another
country for the occasion.

I have designated all replications where any person involved in the original
experiment is also involved in the replication, or where the replication has
been carried out at the same institution as the original experiment, as a close
replication. There are of course always borderline cases, but I believe that the
strict application of a simple rule is more transparent than guesswork by the
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author would be. It should be noted that the interpretation of close replication
I have applied seems to be stricter that what Sjøberg et al. [r55] have applied.

Brooks’ classification

Brooks et al. [r8] refer to compromising the integrity of the replication instead
of distinguishing between close and differentiated replications. Experimenters
have to decide if they wish to improve and change the experiment set-up; on
the other hand, ‘it may be more important to confirm first the original results’.

In accordance with the classification proposed by Brooks et al. [r8], I have
therefore categorised the experiments as similar, alternative, or improved in
terms of (1) method, (2) tasks and materials and (3) subjects.

Obviously, a replication that is identical in all three categories is a close
replication; otherwise, it is a form of differentiated replication. A successful
close replication in that sense will fulfil Brooks’ criterion [r8] of ‘confirm[ing]
[. . . ] the original results’—given that the experiment design as such is sound.
That issue is best addressed by making sure that the replication is external [r7].

A weakness of this classification system is that any classification is relative
to the original experiment. When a second or later replication, for example,
uses the same materials as a previous replication, this will not be obvious from
the classification. For instance, experiments A:1 and A:2 were carried out with
the same material. The reader will find more detail in appendix A.

4.3 Other classifications

The literature suggests a number of other classifications or typologies that I
have not used. For the sake of completeness, I will discuss them (and my
choice) briefly here.

The survey by Sjøberg et al. [r55] studies controlled experiments in quite
some detail, and discusses some of these elements deeply. For example, there
is a detailed account of different types of tasks (‘plan–create–modify–analyse’)
and their frequence in experiments. However, the interest of this perspective
with regards to replicated experiments in particular is limited, and I have
therefore not done such an analysis.

Experiments and quasi-experiments

Some researchers make a distinction between experiments and quasi-experi-
ments, i.e. experiments where the assignment of subjects to treatments is not
random. I have chosen not to consider this distinction, because I think that the
concept of replication under different condition, in vivo and in vitro, are more
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adequately described by looking at the tasks (real or toy) and participants
(professionals or students).

‘True’ replication

Wohlin et al. [r60] write that a close replication that obtains the same results as
the original experiment is a ‘true’ replication. I haven’t used that term because
it mixes the set-up and the results.

Same or other researchers

In their survey, Sjøberg et al. [r55] chose a slightly different approach when
distinguishing between experiments that were carried out (and reported) by
the ‘same’ researchers or ‘others’. This approach has its advantages, however it
does not quite address partial overlaps in the authorship of reports, something
that seems to be quite common in this field.

‘Real’ or ‘toy’ tasks

While the distinction between ‘real’ tasks (i.e. tasks and materials taken from
real-world industry or academic problems) and ‘toy’ tasks (often designed to
pin-point specific issues that the researchers are interested in studying) may
be appealing at a first glance, it is difficult to clearly distinguish between the
two, and it is even more .

Another metric, the number of lines of code (LOC), is also used in the
literature. However, many of the experiments in the present survey are not
adequately measurable in lines of code; this metric is relevant primarily in
maintenance and code review tasks, but less so in, for example, design tasks.

Baslili’s types

Basili et al. [r3] distinguish six types of replication: Strict replications, rep-
lications that vary the manner in which the experiment is run, replications
that vary variables intrinsic to the object of study (i.e., independent variables),
replications that vary variables intrinsic to the focus of the evaluation (i.e., de-
pendent variables), replications that vary context variables in the environment
in which the solution is evaluated, and replications that extend the theory. I feel
that this use of words isn’t ideal for the purposes of this study either, because
some of the categories Basili et al. propose are mutually exclusive while others
aren’t.
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4.4 References

As outlined in the previous chapter, I have been instructed to keep the refer-
ences for a large part of the articles in the survey confidential. I have added
the references in square brackets to table 4.1 so that an inclined reader can find
references to these reports elsewhere in the text.
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Chapter 5

Quantitative analysis

This chapter analyses and summarises the features of replicated experiments
and experiment series that can be compared; for example, the journals or
conferences they were reported in, the nature of the replication and the results.

5.1 Overview

In table 4.1 the reader will find an overview of the reports surveyed and their
interrelation of the experiments reported therein. This table is an adaptation
and extension of the table found in the survey by Sjøberg et al. [r55].

5.2 Publication channels

As shown in table 5.1, a significant number of replicated experiments have
been reported in Empirical Software Engineering, a journal initiated in 1996 by

Total Orig. Repl. Publication title
12 3 10 Empirical Software Engineering
9 8 5 IEEE Trans. Soft. Eng.
3 – 3 Information and Software Technology
2 1 2 Journal of Systems and Software
2 1 1 Proceedings of METRICS
2 2 – Proc. of the Worksh. on Emp. St. of Programmers
1 1 – Software Quality Journal
1 1 – Lecture Notes in Computer Science
2 – 2 Ph. D. theses
1 – 1 Technical reports
7 6 3 other Conference proceedings

Table 5.1: Publication channels (combined)
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Year Number
1994 1
1995 2
1996 1
1997 6
1998 5
1999 2
2000 3
2001 3
2002 1
2003 1
2004 4

Table 5.2: Reports of replica-
tions per year

Year Confirm Reject
1994 – 1
1995 1 –
1996 1 –
1997 3 2
1998 4 2
1999 3 –
2000 – 1
2001 3 1
2002 1 –
2003 1 –
2004 4 –

Table 5.3: Replications confirm-
ing and rejecting original find-
ings, by year

some of the most prominent researchers in the field [r20]. IEEE Transactions on
Software Engineering is the second most common journal for such reports. With
three reported replications, Information and Software Technology is in third place
for the reporting of replications.

The other conferences and books containing such reports present no clear
trend; it is however worth noting that there are two Ph. D. theses based on
reports of replicated experiments.

In terms of where the original experiments were published, the first place
is occupied by IEEE Transactions on Software Engineering, with Empirical Soft-
ware Engineering ranking second. Two experiments were first presented at the
Workshop on Empirical Studies of Programmers. Interestingly, no original ex-
periments that were later replicated were found in the Information and Software
Technology journal.

These figures must of course be read with some reservation, because many
of the experiment have been reported in several ways (journals, conferences,
technical reports and Ph. D. theses). In terms of comparing the frequency of
different journals to each other (or different conferences to each other), they
are however quite useful.

5.3 Time of publication

Looking at table 5.2, it is interesting to note that the majority of publications
during the years with the highest activity (1997 and 1998) were made in Em-
pirical Software Engineering [r20], a journal that was first published in March
1997.
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As several researchers have noted, both for the field of empirical software
engineering and for other scientific fields, there may be a bias against the
publication of unsuccessful replications [? ], [r3, r41, r36]. The nature of the
data in this survey does not allow any conclusions on this topic, however
it is interesting to note that the number of reports of ‘unsuccessful’ replica-
tions reached a high level in 1997 and 1998. The Empirical Software Engineering
journal was started in this very period, with an explicit policy to publish such
‘unsuccessful’ reports Basili et al. [r3], Engineering [r20]. The number of such
reports decreased after this period, and no such reports were published in the
last three years covered by the survey.

5.4 Researchers

The most prolific researchers in replication, each having participated in three
replications, are John W. Daly and James Miller (both with the University
of Strathclyde) as well as Oliver Laitenberger (with Fraunhofer IESE, Kaiser-
slautern, Germany). All of these are also reported by Sjøberg et al. [r55] as
being among the top 20 researchers conducting controlled experiments. [r55]
use a weighted scale based on the ordering of authors in reports; I have only
computed the number of reports each researchers has authored.

Another set of eight researchers have reported two replications: Andrew
Brooks, Marc Roper and Murray Wood (all three with the University of Strath-
clyde), Thomas Thelin and Per Runeson (both with Lund institute of techno-
logy), Mario Piattini and Marcela Genero (University of Castilla—La Mancha)
as well as Guiseppe Visaggio (University of Bari).

In terms of organisations, the Fraunhofer IESE laboratory in Kaiserslautern,
Germany, is clearly the most prolific actor in replication, having performed 5
replications and hosted another one. Most replications were performed using
students from the University of Kaiserslautern as subjects. This laboratory
has hosted a number of researchers from other research groups in empirical
software engineering over the years.

The University of Strathclyde and the University of Maryland have per-
formed 4 replications each, while three have been performed at the University
of Bari. All of these, though in a different order, are also represented in the top
10 organisations performing controlled experiments, as listed by Sjøberg et al.
[r55].

Several other institutions have performed two replications, for example
the University of Bournemouth, where these replications were performed by
apparently unrelated researchers (replications I:1 and R:1).
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5.5 Topics

The grouping of experiment series I have undertaken shows that two main
areas of software engineering attract a lot of experimentation: inspection tech-
niques and object orientation. Sjøberg et al. [r55] use a more fine-grained distinc-
tion, based on a selection of classification schemes. In general, the observation
that ‘code inspections and walkthroughs and object-oriented design methods’
are ‘two prominent technical areas’ [r55] for experimentation, are true not only
for experimentation in general, but also for replication in particular. It would
appear that experiments on object-oriented design methods are even more
strongly represented among the replications.

5.6 Particular features of selected experiment series

The details on all series and experiments surveyed are reported in annex A, and
it would be a repetitive exercise to report on each series in detail here. However,
some series have particular characteristics that are worth discussing.

Series B and C

Series B and C are the two series with the largest number of replications,
and the two series are so related that they are often described as one unit.
Experiments in these series have been performed in various laboratories in
both Europe and the USA: at the University of Maryland, the University of
Kaiserslautern, the University of Strathclyde, the University of Bari, Linköping
university and the Norwegian University of Technology in Trondheim, as well
as with professionals both at Lucent and NASA. The replications in these two
series have been analysed to some extent in report C:4 as well as in Wohlin et al.
[r60, ch. 10]. The experiments are also often referred to after the place where
they were performed, c.f. annex A.

Series C is an evolution of the experiments in series B, introducing new
methods for requirements inspection. The first experiment, carried out at the
NASA Space Flight Center, included a specific task in flight dynamics that was
omitted from the subsequent replications.

Experiment C:2 is considered a replication [? ] even though it scrutinises
an alternative technique—without success, which prompts later replications
to go back to the original technique.

The initials experiment in both series were also subject to statistical rep-
lication, but that data hasn’t been reported separately and they are therefore
shown only as aggregate experiments.
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Series E

Experiment series E is interesting as the three experiments in the series were
performed at the same time and by the same experimenters, with randomised
tasks—i.e. the tasks are really neither alternative nor improved, but their
variation is part of the original experiment set-up.

This series of experiments is therefore hard to classify; it has an experi-
mental design different any other series. Due to the fact that the experiments
were performed so closely together, the two replications were not literally
used to confirm the findings of the first experiment; rather, the findings are the
results of the three experiments combined. However, each of the individual
results also support these findings.

The three experiments in the series however contained different tasks, so
they cannot be qualified as a statistical replication (c.f. definition 2), and they
aren’t pre-tests or pilot tests. All three experiments were carried out with
professionals from Bosch as subjects.

Series H and I

Series H consists of an original experiment and an internal, differentiated
replication. The experience from this series was used to design experiment I:0.

Series I has two external replications: one close, and one differentiated.
Interestingly, neither of these replications confirm the results of the original
experiment.

It would appear that the cause of this is not a lack in the documentation
of experiment I:0, but different profiles of the subjects in the experiment. It
would have been interesting to see results from pre-tests, diagnostic tests or
calibration tests in this series.

Series O

Series O is another example of a series of experiments that has only had
professionals as subjects. However, in the original experiment, all subjects
were employed with the same company and participated on a voluntary basis,
whereas in the replication, they came from a variety of consultancies—and
these consultancies were paid for the participation of their staff in the experi-
ment.
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Series P

Experiment P:0 is the oldest experiment in this survey. It was chosen for rep-
lication in P:1 primarily because it was well-documented and the researchers
carrying out experiment P:1 were primarily interested in replication as such.

Series Q

This series consists of three experiments; however, the authors themselves
write that ‘experiment I served to hone the tools used [? ]’, and it had different
tasks than experiments two and three. Experiments one and two were conduc-
ted using students as subjects, while the third experiment had professional
subjects.

Series T

In series T, experiment T:1 was performed by the researchers performing the
original experiment T:0, with students from another university as subjects.
The experimental set-up was also improved for experiment T:1. However, the
researchers describe replication T:1 as an external replication; this does not
accord with the definition of an external replication used in this thesis.

5.7 Cross-comparisons

In their survey, Sjøberg et al. [r55, sec. 9] conclude that close replications, re-
gardless of whether they were conducted by the original experimenters or
other researchers, confirmed the original findings. Differentiated replications,
however, seemed to differ in terms of confirming the original findings based
on whether they were performed by the original authors or other research-
ers: six out of seven external, differentiated replications did not confirm the
original findings, and the seventh replication only partly confirmed them. In-
ternal, differentiated replications, on the other hand, exposed the opposite
characteristics: seven replications confirmed the original findings, while the
eigth reported partially different results. Sjøberg et al. [r55] do not propose any
explanations for this disparity, but suggest that further research is necessary.

As the base of experiments of this survey is larger (50 vs. 34 experiments
and 41 vs. 20 replications, respectively), these observations merit further study.

Similar, external replications

Referring back to table 4.1 and looking only at those replications that are per-
formed by other experimenters than the original experiment and that can be
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classified as close replications, we see that out of the four experiments (F:2, I:1,
P:1 and R:1), two did not confirm the results of the original experiment. Replic-
ation P:1 was performed almost ten years after the original experiment, which
could be considered a variation in itself; for replication I:1, the experimenters
suggest that the profile of the subjects used might have been different—they
were students on a more applied computer science programme that the sub-
jects in experiment I:0.

Improved, internal replications

Another category that is interesting to study is that of replications by the
same experimenters under different conditions, in different settings or with
modified tasks. The sample here is larger, there are ten experiments that fit this
description (B:4, C:3, D:1, J:1, L:1, M:1, N:1, Q:1 and 2, S:1). With exception of
the inconclusive S series, these experiments also confirm the original findings.

Similar, internal replications

Not surprisingly, all instances of close, internal replications turned out to
confirm the original results. This is consistent with the findings of Sjøberg
et al. [r55, sec. 9]. In series E, G and H, the original experiment and replication
were reported in the same publication, and one would expect a researcher to
endeavour such consistency in the publicised review. Experiments F:1 and T:1,
on the other hand, are reported in separate, later, publications. The experiments
where conducted with a slightly different group of student subjects (F:1) and
more time (T:1) respectively. The results ‘increase [. . . ] confidence [in the] the
result of the original experiment [? ]’ which was the objective of replicating
the experiment.

Differentiated, external replications

It its in this category, then, that the vast majority of replications do not confirm
the original findings completely. This leads to the suspicion that it may be
dangerous to vary too many factors at the same time. In fact, experiment C:1
is the only replication in this category that fully reproduced the results of the
original study; in this experiment, the variations to the experiment materials
and tasks where not very extensive, and the researchers describe that they
were in close contact with the original experimenters to ensure a successful
replication.

Studying the reports from differentiated, external replications, it becomes
clear that there are some experiments where the researchers did not expect to
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confirm the original results (such as experiment K:1), or where the experiment
was changed to such an extent that it becomes arguable if the new experiment
is a replication at all (e.g. experiment C:2). However, the share of successful rep-
lications in this group remains small even when these instances are removed
from the sample.
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Chapter 6

Qualitative analysis

This chapter will look at how the researchers who have performed the exper-
iments studied in this survey describe their their motivations for replicating
experiments as well as their their description of the procedure of replication.

6.1 Motivation

The need for replications has been discussed extensively in the literature, as
described in section 2.3. This sentiment is reflected by researchers in the field:
‘Since it is not possible to draw final conclusions from a single experiment, we
conducted a replication of the experiment.’ [? ]

Several authors argue that close replications alone are not sufficient to
alleviate all the shortcomings of an experiment; ‘it is necessary to perform
replications of the original experiment in similar or slightly different experi-
mental settings’ [? ]. ‘Another problem with experiments relates to the scale
and plausibility of the materials [? ]’.

Another concern that researchers try to address by replication is that of
low statistical power, notably because of the small size of the samples ‘of
convenience [? ]’ often used in these experiments.

Researchers therefore ‘encourage the external replication of [the] study in
different environments [and] by different researchers [? ].’

6.2 Validity

One of the main motivations for replication, as has been discussed in chapter 2,
is to increase the validity of the findings. Validity is a general term that refers
to whether the results of an experiment are valid, i.e. whether the conclusions
drawn from the experiment follow logically from the experiment setup and its
results.
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Validity The extent to which a measurement instrument or test
accurately measures what it is supposed to measure.

Definition 6: Validity

The reports I have reviewed also refer to validity as an important motiva-
tion for performing replications, as well as a key element in encouraging more
replications. ‘We realized that there are some threats to validity [. . . ] Some of
the threats might even only be addressed through replication.’ [? ]

To study the validity of given results, it is common to split the concept of
validity into several components. One common approach is to refer to internal
validity (c.f. definition 9), construct validity (c.f. definition 8) and external
validity (c.f. definition 7). However, many researchers prefer to discuss the
concept of validity only in terms of internal and external validity.

External validity

As I have described before, the effect on external validity is the main motivation
cited for replication. Many researchers are aware of the threats to external
validity that experimentation brings with it, for example because it often ‘is
not practical to use random samples from a population [? ]’. ‘These threats can
only be addressed by replicating and reproducing these studies. Each new run
reduces the probability that our results can be explained by human variation
or experimental error.’ [? ]

External validity The extent to which a finding applies (or can
be generalized) to persons, objects, settings, or times other than
those that were the subject of study.

Definition 7: External validity

Several researchers discuss external validity by discussing if the results
from an experiment can be generalised, i.e. if the results apply ‘to the popula-
tion of interest in the hypothesis [? ]’ and ‘the real environment in which the
technique should be applied [? ]’. Replication can contribute significantly both
to ‘results of the original experiment’ and to ‘generalizing results [? ]’.

In some instances, the concerns about whether the results of an experiment
can be generalised at all have led researchers to replicate their experiment
before publishing any results [? ? ? ? ], or through ‘further investigation [? ]’ of
‘issues not covered in the previous [experiment] [? ]’.
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Construct validity

It is interesting to note that the discussion on validity in the reports surveyed
is centred predominantly on external validity. However, a well-performed
replication must also evaluate the methods used to capture data in the original
experiment; many experiments do, not least those experiments that have an
improved or alternative method in terms of Brooks et al. [r8]. Such alterations
imply a look at the construct validity of the original experiment; the necessity
of this element in replication was underlined by Deligiannis et al. [r18].

Construct validity The extent to which a test may be said to
measure that which it has been designed to measure.

Definition 8: Construct validity

Some researches do discuss to this element of replication, sometimes as
an aspect of internal validity: ‘The replications should address changes in
the design, for example, use a different domain, and seed more faults into
the document under inspection.’ [? ] ‘However, we did change the way in
which the dependent variable was measured [. . . ] By carrying out this kind
of replication in which the same hypothesis is studied, but some details of
the experiment are changed, our aim is to make the results of the experiment
more reliable.’ [? ] ‘A replicated study that allows certain variables to vary from
previous experiments in carefully controlled ways provides further evidence
of which aspects of the experiment interact with the software engineering
aspect being evaluated. Such replicated studies give additional confidence in
the experimental design.’ [? ].

Another related issue is that of ‘scale and plausibility of the materials’ [? ].

Internal validity

Due to the nature of the concept of internal validity, replication (in the sense
used in this thesis, c.f. subsection 2.3) as such doesn’t affect the internal validity
of the experiment. However, controlled experiments in general have greater
control can therefore ‘be used to confirm results obtained in field studies,
where control and, therefore, internal validity is usually weaker [? ]’. External
replications also help ruling out the possibility of researcher bias [? ].

A number of experiments use statistical replication (c.f. defintion 2) intern-
ally in their experiments, e.g. the experiments in series A. This is often done
to increase the internal validity of the experiment.
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Internal validity The certainty with which results of an ex-
periment can be attributed to the manipulation of the independent
variable rather than to some other, confounding variable.

Definition 9: Internal validity

6.3 Using students as subjects

Another issue that is discussed in a large number of articles is the issue of
using students (be they at bachelor’s or degree level) in software engineering
experiments. This issue has been discussed as an issue in itself in numerous
articles [r24, r4, r10, r11]. Many researchers regard the student setting as an
effective testing ground: ‘Initially we use students rather than professional[s]
because cost considerations severely limit our opportunities to conduct studies
with professional developers. Therefore we prefer to refine our experimental
designs and measurement strategies in the university before using them in
industry. This approach also allows us to do a kind of bulk screening of our
research hypotheses. That is, we can conduct several studies in the university,
but only rerun the most promising ones in industry. Intuitively, we feel that
hypotheses that don’t hold up in the university setting are unlikely to do so in
the industrial setting.’ [? ]

Some researchers regard the student setting to be insufficient [? ? ], while
others argue that the body of knowledge mean researchers should stop ‘dis-
regarding studies done with student subjects’, even though this doesn’t mean
‘that studies with professionals are no longer needed [? ]’. All the same, many
researchers wish to replicate their experiments in professional settings [? ? ? ?
].

6.4 How to replicate

The level of detail with which researchers report their experience with the
actual operation of the replication varies greatly. I was mainly interested in
three elements in such reports: the guidelines the researchers used to plan and
perform the replication; how they chose the the experiment for replication
and how they obtained the material, and finally, what factors are decisive for
successful replication.

Guidelines

In terms of guidelines referenced, the works of Wohlin et al. [r60] and Brooks
et al. [r7, r8] as well as the statistics coursebook by Judd et al. [r28] dominate;
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they are both referenced in 5 reports. The framework of Basili et al. [r2] has
become less widely used.

A number of other guidelines are cited more than once: a book on statistic
(Campbell and Stanley [r9]), two texts by researchers in the field (Daly [r15],
Basili et al. [r3]), a book on experimentation in software engineering (Juristo
and Moreno [r30]) as well as an older article by Kaplan and Duchon [r32]. All
but the last two have are discussed in chapter 2.

Out of 31 replications studied, only five (i.e. one sixth) refer to a common
set of references for carrying out these replications. One might add to this
observation that the authors of the guidelines and the researchers performing
the replications coincide to a large degree. This underpins the assessment
that experimentalists still rely on frameworks from other disciplines in lack of
an established empirical framework within the discipline [r41], even though
proposals for such frameworks within the discipline exist [r2, r37].

Choosing an experiment to replicate

In cases where the researchers managed to obtain enough materials to perform
a close replication, there have often been personal or institutional contacts
between the original experimenters and the replicators.

In some cases, the materials are only available in another language than
English. Some experiments also use programming languages that are no longer
widely used—even though the object of study may still be of great relevance.

It has been suggested that the empirical software engineering community
should establish a set of ‘ “classical” experiments that could be easily replicated
and modified [? ]’, and which would be suitable for replication by degree
students. Others, however, question the value of such replications [r8].

Lab packages

In order to facilitate replication, many research groups have made their ma-
terials available as ‘lab packages’, often in the hope to encourage ‘future work
on [the] subject not only by the same researchers but also by independent
researchers [? ]’.

I have unfortunately not been able to look deeper into these lab packages.
A tentative listing is available in appendix C. From a first impression, the
amount of materials available varies greatly, and a number of researchers who
have performed external replications a have noted that the materials provided
weren’t sufficient to allow for a close replication [? ].

The content of the lab packages appears to vary quite significantly. One
suggestion [? ] of what they should contain is:
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• Motivation for the study

• Detailed description of the technique

• Design of the study

• Results of the study
Furthermore, in order to maximise the potential benefits of lab packages,

it is important not only to include the tasks and materials, experiment design
and findings, but also the raw data collected, so as to allow for meta-analysis
methods to be used [? ? ]

Series and families of experiments

Many of the experiments in this survey are part of larger research programmes,
involving series of experiments, or families of experiments, and researchers
from different institutions [? ? ]. Some of these programmes also involve other
empirical methods such as case studies and surveys [? ? ? ? ? ? ], because
‘the weaknesses of one study can be addressed by the strengths of another [?
]’. Basili et al. [r3] in particular have argued for ‘families of experiments’ to
improve the research output from experiments beyond the results from mere
replication.

Research networks

Another point worth mentioning is the International Software Engineering
Research Network (ISERN), a network of research institutions in the field
of empirical software engineering. One of the activities of this network is a
common publication service for technical reports, where experiments can be
documented in greater detail than what is possible in articles in scientific
journals. Some researchers refer to such auxiliary publication in the reports I
have studied [? ], and many of the institutions represented in this study are
members of ISERN.

6.5 Reporting the replication

An issue that is crucial both in the publication of original experiments and
replication is the reporting of the experiment. For further replication to be
possible, the reports must contain a certain amount of information about the
experiment.

The guidelines in the book by Wohlin et al. [r60] have become quite uni-
versally accepted in the reporting of experiment set-up, and are widely used.
The framework of Basili et al. [r2] has become less widely used, and hence,
unfortunately, the extensions concerning replication put forth by Brooks et al.
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[r8] are not widely used, but give good guidance to reading reports written
according to these guidelines.

As noted above, it is quite common to publish additional material necessary
for a replication in lab packages or technical reports, as the amount of material
doesn’t fit into the constraints presented by publication in scientific journals
and conferences.

Publication bias

One report makes an explicit allusion to the possibility of a publication bias
Basili et al. [r3], Miller [r41] against replications: ‘While the broad consensus of
the sources reviewed agrees that replicating experiments is paramount to the
maturation of the software engineering discipline, some authors suggest that
replications still are seen as less important as “original work” in the very strict
sense [? ].’

To establish whether such a bias exists is unfortunately outside the possib-
ilities of this thesis; it would require a different form of study, e.g. a case study
involving interviews with researchers and review panels of academic journals.

6.6 Meta-analysis

Many researchers argue that in order to make progress in the field of empirical
software engineering, results from several experiments and indeed from other
empirical studies such as surveys and case studies have to be combined. One
method of thus combining results is statistical meta-analysis.

By combining data from several studies with meta-analysis tools, the results
can be usefully combined ‘to achieve significant, reliable and generalisable res-
ults [? ]’. Some researchers argue that statistical data should more extensively
shared among researchers; possibly by means of a type of public database [? ?
].
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Chapter 7

Threats to validity

Validity is one of the central issues in this thesis, and as I have outlined in
the previous chapters, on of the main drivers for replication. Validity is of-
ten divided into several sub-categories. There is no generally agreed set of
such subcategories, but the following three are commonly referred to in the
literature [r50, r29].

Definitions of core aspects of validity have been given in the previous
chapter: internal validity (c.f. definition 9), construct validity (c.f. definition 8)
and external validity (c.f. definition 7).

7.1 Internal validity

The classification of experiments in terms of the topic under scrutiny as well as
the categorisation along the axes internal–external and in terms of the Brooks’
classification have been done by myself and have not been verified by another,
independent researcher. This might have been desirable.

For those series that were present in the work of Sjøberg et al. [r55], I
have reviewed the classifications made for the purpose of that study; these
classifications have been subject to review by several researchers. However, in
some instances, I have decided to classify differently based on my own review.
These decisions are documented in the annex; e.g. the experiments in series C.

7.2 External validity

Given the reservations I have made in the previous section on internal validity,
I believe that the external validity of the findings contained herewithin is
strong. Chapter 3 describes the method and procedure I have used to identify
the largest possible number of series of replicated experiments; i.e. the totality
of such experiments that have been reported in scientific publications.
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The search strategy for this thesis, as discussed in chapter 3, was a best-
effort strategy based on searches of abstracts and keywords. Other strategies
such as manual reviewing of abstracts might have been even more precise. For
example, an article by Müller [r42] was found later, but no variant of the word
‘replication’ was present neither in the keywords nor in the abstract. In-press
articles such as Staron et al. [r57] unfortunately confirm this trend. The term
‘series of experiments’ might have been a useful addition to the search word
array.

7.3 Construct validity

The concept of construct validity is not directly applicable to this survey: there
are no explicit research questions or hypotheses, and hence, no constructs to
validate.

The reader may argue that this is the main weakness of this thesis. On
the other hand, it was not possible to formulate precise and relevant research
questions on the topic of experiment replication in empirical software engin-
eering, because there was no empirical material on the field available. The
publications that did exist either described how replication should be done in
general (c.f. section 2.3), how it was done in a particular case (c.f. section 6.4)
or that more information on the field is needed (c.f. section 2.2).

In this sense, I hope that the present thesis can contribute to better studies
of the field in the future.
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Conclusions

In the course of this survey, I have analysed a very large number of scientific
publications on replication of software engineering results. It has been a very
interesting project (even though it took a long time to complete), and I believe
I have extracted some valuable ideas on the replication of controlled experi-
ments in empirical software engineering. As I have noted above, this was the
first survey on this subject, and therefore the survey was conducted with an
open mind and without specific hypotheses to be tested.

8.1 Results

A number of conclusions can be drawn from the data collected in this survey.
However, some of these conclusions may need to be subjected to independent
verification.

The number of unsuccessful replications has been reduced in the past few
years. Unfortunately, it is not clear if this can be ascribed to publication bias,
better reporting of the original experiments or better procedures in replication.
In either case, there have not been differentiated, external replications in the
last few years.

As seen in section 5.7, it appears that differentiated, external replications
are a risky affair. This is in accordance with the consideration of Brooks et al.
[r8]: instead of changing elements in the experimental set-up, ‘it may be more
important to confirm first the original results’.

The discussion about reporting standards is still going on. I have made
some recommendations below on what seems to be a common understanding
of good reporting standards; standards that will allow scrutiny of the experi-
ments as well as replication and meta-analysis.
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The study also shows that there is no one experiment series that has
been replicated in all four possible combinations of close–differentiated and
internal–external.

8.2 Recommendations

The main elements of previous work in the area are general guidelines on
empirical methods in software engineering research, and guidelines on replic-
ations from other areas. During the survey that I performed, I also made some
observation on the reporting of replicated experiments that may be valuable
for future reports; recommendations that will hopefully make future surveys
easier to carry out.

Guidelines for replication in empirical software engineering

It appears from chapter 2 and section 6.4 that very little has been written
so far on how to replicate empirical software engineering experiments. The
guidelines that are available are either ad-hoc write-ups, footnotes to general
experimenting guidelines or instructions borrowed from other fields. Even
within these categories, experimenters struggle to find useful tools for their
work, and there is little consensus in the field regarding which guidelines
for replications should be used. In terms of general experimental guidelines,
the book by [r60] for example, seems to be widely accepted; therefore one
can hope that a set of replication guidelines may in the future be accepted
universally. It is obviously out of the scope of this thesis and beyond my
experience to propose such guidelines, but I hope that this thesis can be a
valuable contribution.

Reporting experiments

The purpose of reporting an experiment is three-fold. A report should allow
other researchers to (i) evaluate the experiment as such, (ii) replicate the exper-
iment, and (iii) use the results for meta-analysis. The combination of these per-
spectives translate into a number of requirements on reports from controlled
experiments (and indeed other empirical studies) in software engineering. For
example, the reports should be written in a way that accommodates readers
with any of the three interest above. Many of the reports I studied were appar-
ently written only for readers interested in the software engineering results,
and not for readers interested in the empirical methods used.
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Lab packages

Lab packages are obviously a very important element in making sure that
experiments are replicable. Whenever possible, lab packages should not only
contain the materials used in the experiment itself, but also other relevant
material such as training materials, calibration tests and debriefing question-
naires. The previous work and some of the more extensive reports in the survey
contain suggestions of how

Statistical data

Raw data from the experiment can also be provided as it enables the replicators
to proceed to meta-analysis of the results, as well as allowing interested parties
to analyse the data, possibly in new and different ways.

The results of pre-tests or pilot tests, calibration tests and other auxiliary
tests should also be reported, as they allow for a better understanding of the
data.

Identifying replications

As I have noted in section 7.2, in many cases, the abstracts and keywords
used to index reports of experiments did not contain the term replication.
As bibliometric and systematic reviews and surveys are powerful secondary
research tools, steps should be undertaken to make it easy to identify relevant
work in databases and meta-databases such as ELIN@.

Further experiments and replication

In terms of confirming the results of this survey, it would be desirable to
perform an experiment series with the following characteristics:

• an original experiment

• a close, internal replication

• a differentiated, internal replication

• a close, external replication

• a differentiated, external replication

No such series of experiments exists today (ideally, the two external replica-
tions would be performed by the same researchers). Some of the conclusions
I have drawn above could be effectively tested with such a set-up.
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8.3 Further work

This section is an overview of possible future research on the use of replication
in empirical software engineering. I have not given proposals for new exper-
iments here because of the complexity of such an undertaking; the following
areas might be suitable for master’s theses in computer science.

Construct validity

An aspect of replication that may warrant further study is the perspective
on construct validity as discussed in subsection 6.2. External replications in
particular will involve an analysis of the methods and metrics of the original
experiment. Why do researchers choose to change the research method, metrics
and hypotheses, and how do their results compare to the original results? Can
they be combined by using meta-analysis tools? How do series of experiments
evolve as the methods are refined?

Meta-analysis

Another possible area of further work is to meta-analyse results from replicated
controlled experiments in empirical software engineering.

Initial work on meta-analysis in general has been begun by several research-
ers, e.g. Miller [r40], Pickard et al. [r46], Hayes [r23] and within the CONTEXT
project, by Dybå et al. [r19]. It might be of interest to use such methods to
study replicated experiments in particular, for instance the large experiment
series labelled B and C in this survey. This could help refine the results and the
experimental methods as well as establishing what levels of data reporting are
needed.

Easing replication

A systematic review of replicated and non-replicated experiments, respect-
ively, could further help to identify why some experiments are replicated
when others are not? Possibly, this is an artificial question—if replications only
are caused by personal relations between the experimenters. That, however,
would be an interesting result as such, which could allow us to question the
‘externality’ of external replications.

Replication of other empirical studies

During my search for publications on replicated controlled experiments, I also
found a number of other empirical studies in software engineering, such as
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surveys and case studies, that have been replicated. It would be of interest to
survey these, in particular the case studies, in a manner similar to this thesis
and investigate if the findings of this thesis are supported by such a study.
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Appendix A

Survey details

Series A

Experiment A:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: Basili et al. [r2]
Materials (other tasks): several relatively complex tasks
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

Mentions that they will

Dates: autumns of 1982, 1983 and 1984
Subjects (experience,
country, university):

intermediate-level students at the University of
Maryland; professionals at NASA and Computer
Sciences corporations

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

This is actually three experiments, but the results have been combined into a com-
mon report.
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Experiment A:1

Authors/reference: [? ]
Type: replication
Motivation: validate results
Guidelines: Daly et al. [r16]
Materials (other tasks): The materials used in the experiment are published

as a technical report.
Changes (more time? de-
brief?):

Materials changed to C, more tasks,

Encouragement of fur-
ther replication:

Yes, encouraged by materials in the tech report.

Dates: Summer and autumn 1994
Subjects (experience,
country, university):

50 students from the university of Kaiserslautern

Tasks & materials (meas-
urement changed how?):

Materials translated to C. Added a fault isolation
task.

Hypothesis or research
questions changed? ad-
ded?

only additions to account for extra task

Confirms results: yes and no
Brooks et al. classification
[r8]:

(improved, alternative, similar)

Also in this case, the experimenters actually ran three experiments (replications)
“We hope that our efforts will make it possible for the experiment to become a stand-

ard exercise that developers will use to evaluate and sharpen their defect-detection
skills.”

“We found dramatic differences [. . . ] for the efficiency of observing failures.”

Experiment A:2

Authors/reference: [? ]
Type: replication
Motivation: validate and generalise results
Guidelines: Brooks et al. [r7]
Materials (other tasks): from experiment A:1
Changes (more time? de-
brief?):

Same as A:1 but less strict statistical testing

Encouragement of fur-
ther replication:

yes, reference to materials from A:1

Dates: not stated. Probably 1996
Subjects (experience,
country, university):

47 intermediate students at the University of Strath-
clyde

Tasks & materials (meas-
urement changed how?):

See A:1

Hypothesis or research
questions changed? ad-
ded?

only additions

Confirms results: yes and no
Brooks et al. classification
[r8]:

(improved, alternative, similar)
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“Replication is a critical component in providing empirical foundations - it is ne-
cessary both to validate earlier results and to ‘recipe improve’, where the experimental
parameters are varied in a controlled manner, perhaps focusing on specific aspects of
previous studies or, alternatively, attempting to generalise earlier findings.”

“This work also demonstrates the importance of replication. If software engineer-
ing is to be based on substantial empirical evidence then replication is necessary to
demonstrate that results are reliable and generalisable. The empirical study reported
in this paper has now been carried out in various forms at five different sites over 20
years. Evidence from those studies was used to explain and substantiate the current
research findings. ”

“In the future it is hoped that further replications of this work will be carried out. All
the materials necessary to run the experiment are available. They are also all available
in electronic form. It was found that running the experiment within a practical software
engineering class was a useful educational tool. ”

Series B

Experiment B:0

Authors/reference: [? ] Maryland-95
Type: original
Motivation: –
Guidelines: Judd et al. [r28]
Materials (other tasks): – this is the original
Changes (more time? de-
brief?):

– no, this is the original

Encouragement of fur-
ther replication:

strongly encouraged

Dates: spring 1993, autumn 1993
Subjects (experience,
country, university):

24 graduate students x 2

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“Until now, however, there have been no reproductible, quantitative studies com-
paring alternative detection methods for software inspections. We have conducted such
an experiment and our results demonstrate that the choice of fault detection method sig-
nificantly affects inspection performance. Furthermore, our experimental design may
easily be replicated by interested researchers.”

“There are several threats to this experiment’s external validity. These threats can
only be addressed by replicating and reproducing these studies. Each new run reduces
the probability that our results can be explained by human variation or experimental
error. Consquently, we are creating a laboratory kit (i.e., a package containing all the
experimental materials, data, and analysis) to facilitate replication. The kit is available
via anonymous ftp [. . . ]”

“Finally, we are using the lab kit to reproduce the experiment with other univer-
sity researchers in Japan, Germany, Italy and Australia and with industrial developers
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at AT& T Bell Laboratories1 and Motorola Inc. These studies will allow us to evalu-
ate our hypotheses with different populations of programmers and different software
artefacts.”

The report contains a replication but data not presented as two distinct sets.

Experiment B:1

Authors/reference: [? ] Bari
Type: replication
Motivation: improve validity
Guidelines: Judd et al. [r28] Campbell and Stanley [r9]
Materials (other tasks): “Our strict replication of the Porter, Votta, and Ba-

sili experiment was made possible by the availab-
ility of the experimental material, prepared by the
original experimenters in the form of a laboratory
package.”

Changes (more time? de-
brief?):

as little as possible (translation to italian!)

Encouragement of fur-
ther replication:

yes

Dates: spring 1995
Subjects (experience,
country, university):

30 undergrads

Tasks & materials (meas-
urement changed how?):

transl to italian, minor adjusts

Hypothesis or research
questions changed? ad-
ded?

same as orig

Confirms results: No.
Brooks et al. classification
[r8]:

(similar, alternative, alternative)

“We found these experimental results [? ],2 and their implications on the inspection
process, very interesting. However, since it is not possible to draw final conclusions
from a single experiment, we conducted a replication of the experiment of Porter, Votta
and Basili.

A comprehensive definition of replications is in [r28]

“Replication means that other researchers in other settings with different
samples attempt to reproduce the research as closely as possible. If the
results of the replication are consistent with the original research, we have
increased confidence in the hypothesis that the original study supported.”

Software engineering, as a scientific discipline, needs research whose primary pur-
pose is replication. Such research is especially concerned with external validity, i.e.
the extent to which we can generalize the results to the population of interest in the
hypothesis. Frequently, in software engineering research we are not able, or it is not
practical, to use random samples from a population in order to increase our ability
to generalize. Generalization must then be done by running multiple experiments in
different settings and times. However, replications conducted by the same researchers
are not sufficient because the empirical observations in support of a hypothesis mat be

1Lucent at the time the replication was done
2Reference added by the author
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in error or biased by the original researchers. A scientific hypothesis gains increasing
acceptance when independent replications conducted by different researchers arrive at
the same conclusions.”

cannot confirm results
give hints/lessons learned for future replications
“Further replications are needed to understand better under which conditions

scenario-based reading is effective.” + Campbell + Stanley quote.

Experiment B:2

Authors/reference: [? ] Strathclyde
Type: replication
Motivation: further evaluate hypothesis
Guidelines: –
Materials (other tasks): “This experiment has re-used, except as described

above, the material from the original experiment,
see [? , Tech. Report] for a full description of the
materials.”

Changes (more time? de-
brief?):

not fractional factorial design

Encouragement of fur-
ther replication:

“More work is required to finally confirm this con-
jecture.”

Dates: not clear
Subjects (experience,
country, university):

50 undergrads

Tasks & materials (meas-
urement changed how?):

design changed, more time

Hypothesis or research
questions changed? ad-
ded?

No (?)

Confirms results: Yes.
Brooks et al. classification
[r8]:

(alternative, improved, similar)

“Importantly[,] this paper is not a one-off study, but is part of a large piece of
work involving several other researchers investigating the same hypothesis. Multiple
independent studies of the same hypothesis are essential if software engineering is
going to produce empirically evaluated theories and procedures. The paper attempts
to compare its results with the other studies whenever possible.”

generally supportive of results

69



A. S 

Experiment B:3

Authors/reference: [? ] Linköping
Type: replciation
Motivation: eager to see results, enrich area
Guidelines: none.
Materials (other tasks): Lab kit from UMD
Changes (more time? de-
brief?):

see below

Encouragement of fur-
ther replication:

yes, w/ pros

Dates: September 15 and September 19, 1995
Subjects (experience,
country, university):

24 undergraduates

Tasks & materials (meas-
urement changed how?):

more defects, -Ad Hoc

Hypothesis or research
questions changed? ad-
ded?

not really (just -Ad Hoc)

Confirms results: No.
Brooks et al. classification
[r8]:

(improved, improved, similar)

“Replicated studies as ours and others [? ] are sometimes disregarded but are critical
contributions since it may be possible to further validate findings. The originators [? ]3

observed that their Scenario method was 35% more effective than Ad Hoc and Checklist
methods, and we were eager to see if we could replicate the same behaviour in our
environment. As scientists[,] we are also motivated by the fact that a replicated study
makes more data from the experiment and its instrumentation available, which focus
and enrich the discussion in the area of inspection methods.”

“We have reported a replication of a controlled experiment using the same instru-
ments but in another educational culture.”

“Of course, the most interesting question is what happens when the experiment
is replicated using professional subjects. We hope that our work will demonstrate the
feasability and utility of replicated experiments to professional organisations in order
to obtain the necessary interest and resources.”

“For educational purposes it would be great if there were a number of ‘classical’
experiments that could be easily replicated and modified.” (regarding letting master
students experiment).

Ext. materials are there.
+more specification defects. -design and analysis different -undergrads: less exper-

ience (cf Italy)

3Reference addded by the author
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Experiment B:4

Authors/reference: [? ] Lucent
Type: replication
Motivation: improve external validity, check if industy experi-

ments are needed?
Guidelines: none?
Materials (other tasks): same experimenters
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

not really

Dates: 1996?
Subjects (experience,
country, university):

18 professionals at Lucent

Tasks & materials (meas-
urement changed how?):

no

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: Yes.
Brooks et al. classification
[r8]:

(similar, similar, alternative)

“Initially we use students rather than professional[s] because cost considerations
severely limit our opportunities to conduct studies with professional developers. There-
fore we prefer to refine our experimental designs and measurement strategies in the
university before using them in industry. This approach also allows us to do a kind of
bulk screening of our research hypotheses. That is, we can conduct several studies in
the university, but only rerun the most promising ones in industry. Intuitively, we feel
that hypotheses that don’t hold up in the university setting are unlikely to do so in the
industrial setting.

Of course, this reasoning is asymmetrical. It may or may not be true that results
derived in the university apply in industry. Therefore, we still need to conduct studies
with professional subjects. Consequently, to improve the external validity of our initial
results[,] we have replicated the experiment using professional software developers
as subjects. We have also compared the performances of the student and professional
populations to better understand how generalizable the original results were. This is
important because experiments using professional subjects are far more costly than
those using student subjects.”

“To address this concern[,] we reran the experiment using software development
professionals as subjects. One of our major findings is that, although the performances
of the student and professional populations were different, all of the hypothesis tests
gave the same results. This doesn’t imply that studies with professional[s] are no longer
needed, but it suggests that student studies shouldn’t automatically be discounted. This
is very important because studies with professionals are much more expensive than
are studies with student subjects.”

“These results also call into question the common practice of disregarding studies
done with student subjects. The far more important question is clearly[:] when do
student subjects provide an adequate model of the professional population.”

Some materials appended.
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Series C

Experiment C:0

Authors/reference: [? ] NASA
Type: original
Motivation: address threats to external validity.
Guidelines: Campbell and Stanley [r9]
Materials (other tasks): Published, well known!
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

already in abstract and at the end

Dates: 1995
Subjects (experience,
country, university):

14 (13) professionals from NASA Goddard Space
Flight Center (12 in pilot)

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“Throughout the pilot study and the 1995 run we realized that there are some
threats to validity. For us it was important to describe and address all of them in detail
so that other researchers benefits from the lessons we have learned and can try to avoid
the threats while replicating this experiment or developing another one. Some threats
have their origin in the fact that this was not an experiment with students but with
professionals from industry. Some of the threats might even only be addressed through
replication.”

OJ! at använda proffs inte alltid bra! Kolla varför. Jf. Simula-artikeln conducting
realistic experiments.

Really two runs, one described as a “pilot study for our experimental design.”
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Experiment C:1

Authors/reference: [? ] Kaiserslautern
Type: replication
Motivation: increase confidence
Guidelines: Judd et al. [r28] – Brooks et al. [r7]
Materials (other tasks): lab package, only 1 part used
Changes (more time? de-
brief?):

see below

Encouragement of fur-
ther replication:

yes...

Dates: 1995-1996-1997
Subjects (experience,
country, university):

undergraduate students at the university of Kaiser-
slautern

Tasks & materials (meas-
urement changed how?):

similar (well, not the NASA specific part)

Hypothesis or research
questions changed? ad-
ded?

yes(?)

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, similar, alternative)

“The number of subjects participating in such experiments is often low, especially
if experiments are conducted in an industrial setting. Thus, it is necessary to perform
replications of the original experiment in similar or slightly different experimental set-
tings to increase the confidence in the original findings. Furthermore, replication helps
generalize the results, especially when they are conducted in different contexts. We dis-
tinguish two forms of replication: internal and external replication [r7]. Internal replica-
tion is undertaken by the original experimenters; external by independent researchers.
Brooks et al.[r7] state that external replication is critical for establishing sound results
and that it provides either supporting evidence or questions the validity of the original
experiment.”

“With respect to experimentation, we found the GQM approach a useful vehicle
to document our hypothesis and analyses. We encourage other researchers to use it
as it makes replication much easier. We will work on improving the maintainability
and reusability of GQM plans through formalization. We intend to extend the original
lab package and make a more detaield version of this paper available as a report of
the International Software Engineering Research Network (ISERN) to facilitate further
replication.”

Asked direct questions to Forrest Shull
Actually two runs!
GQM = Goal/Question/Metric approach.
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Experiment C:2

Authors/reference: [? , chapter 10] Trondheim
Type: replication
Motivation: new approach
Guidelines: none mentioned
Materials (other tasks): lab package from UMD, experimenter spent time

there
Changes (more time? de-
brief?):

materials

Encouragement of fur-
ther replication:

yes, with pros

Dates: April 1996
Subjects (experience,
country, university):

51 graduate students

Tasks & materials (meas-
urement changed how?):

changed

Hypothesis or research
questions changed? ad-
ded?

different

Confirms results: no
Brooks et al. classification
[r8]:

(alternative, improved, alternative)

“To continue the investigation of process conformance, a replicated experiment
should be carried out in a different setting using subjects that are more equal in terms
of individual capabilities and motivation.”

“Appendix C Experimental Material includes all documents, forms and slides that
were used in the experiment. Together with the information in Chapter 10, this should
be sufficient to enable a replication of the experiment. Some of the material is written
in Norwegian.”

“Thus, in order to validate the work presented here, parts of the experiment on
Perspective-Based Reading (PBR) were replicated. There are various reasons for this—
an experiment that studied a different process could have been chosen instead, but
since we already had some knowledge and a high interest in PBR, this was the choice.
The availability of existing material necessary to carry out the experiment also was in
favor of this decision.”

“The way of applying the approach should also be considered. Through modific-
ations of the deviation vectors, arbitrary processes may be combined and compared.
However, if the processes are different, it is questionable whether such operations have
any meaning. Currently, the expected application is to compare individual process
conformance measurements that are obtained from replicated executions of the same
expected process, as typically seen in experiments.”

“ As has been seen in other experiments using students as subjects [? ]4, it is difficult
to achieve the same results as in replications using subjects from another population
such as professional developers. Since these threats are due to the entire context of
the experiment, there was little that could be done to reduce their potential effect. The
alternative would have been not to do any experimental validation at all.”

“In a replication of the experiment, these problems should be avoided as far as
possible. A replication in an environment where volunteering professional developers
were available would be desirable.”

4Quoted as unpublished material
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“The experimental validation presented in this thesis should be replicated in a
context where professional developers could be used as subjects. It should also be
carried out under controlled conditions.”

“Appendix C includes all the material which was used in the experiment, i.e., slides,
which are in Norwegian, forms and documents. Together with the experimental design
presented in chapter 10, this material is sufficient to replicate the experiment if desired.”

Not really a replication, the task was changed completely.

Experiment C:3

Authors/reference: [? ] Maryland-98
Type: replication
Motivation: MOTIVATION
Guidelines: Basili et al. [r2] ([r28])
Materials (other tasks): same people
Changes (more time? de-
brief?):

The method CBR is evaluated against is different

Encouragement of fur-
ther replication:

yes, provides extensive package

Dates: 1995
Subjects (experience,
country, university):

Students from the University of Maryland and pro-
fessionals from NASA.

Tasks & materials (meas-
urement changed how?):

essentially the same as C:0

Hypothesis or research
questions changed? ad-
ded?

Compared CBR to another method, commonly
used at NASA

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, improved, alternative)

“My approach to packaging experience has been to develop ‘lab packages,’ access-
ible via the Internet, which contain the following information:

• Motivation for the study (i.e. what features from the step 1 characterization of
the environment are addressed by the technique or by the latest improvements);

• Detailed description of the technique (i.e. a description of the results from step
3, in sufficient detail that it can be critiqued by other researchers or practitioners,
or even borrowed for use in different environments);

• Design of the study (i.e. a description of the environment in which the technique
was executed, as selected in step 4, and the variables monitored to determine
effectiveness, as chosen in step 2);

• Results of the study (i.e. details of the analysis done in step 5 and the conclusions
drawn).

Such lab packages can support future work on this subject not only by the same
researchers but also by independent researchers. By providing easy access to he exper-
imental materials, I hope to encourage such independent replications. Although the
contributions of replicated studies are too often minimized, such studies would allow
the following benefits:

• A strengthening of the external validity of the study: By replicating studies
in other environments, it becomes less likely that the conclusions of previous
studies are the results of characteristics of the experimental environment or
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subjects rather than the software engineering aspect being evaluated. Replicated
studies help develop an understanding of the limits of experimental results.

• A strengthening of the internal validity of the study: A replicated study that
allows certain variables to vary from previous experiments in carefully controlled
ways provides further evidence of which aspects of the experiment interact with
the software engineering aspect being evaluated. Such replicated studies give
additional confidence in the experimental design.”

“This question is necessary because it must be recognized that the work contained in
this dissertation can be only a starting point for an investigation into building software
reading techniques. By studying the effects of the technique in other environments, an
understanding of the limits of the technology can be built up. Obviously, much of this
effort will depend on other researchers and practitioners who continue to extend this
work, but a significant contribution can be made by providing lab packages. Successful
lab packages would encourage and aid replicated studies, contributing to the validity
of a specific study.”

“Finally, checking external validity requires assessing whether the results of studies
can be generalized to the real environment in which the technique should be applied.
This confidence can be gained in part by having the experiment replicated in other
environments, by independent researchers. Such replications help demonstrate that
the results observed are not due to features particular to a given environment.”

“We provided a lab package to enable replication of this experiment. The experi-
mental design was well-suited to such a package since we had deliberately included
two customizable considerations, which we intended to increase the desirability of a
replication since it could be easily tailored to be relevant to other environments [. . . ].
The first was to use two separate sets of documents, to provide a baseline that could be
repeated in different environments (the generics) while also providing direct feedback
about PBR in a particular environment (here, the actual NASA/SEL documents). The
intention is that the domain-specific documents can be varied between replications to
provide experimental results that are directly applicable to a given environment. As
we have seen, it also allowed us to notice differences in the way reviewers approach
documents from familiar and non-familiar domains.”

“This work, and the lab package created for it, has been used in several replications
by other researchers. [. . . ] The most directly relevant replications took place at the
University of Kaiserslautern, in Germany, and the University of Trondheim, in Norway.
Two replications were run at Kaiserslautern. A novel approach of these studies was that
review teams actually met in order to discuss the defects; the results concerning the team
coverage of the document were not simulated, as in our studies [? ]. Since they achieve
a similar result for their analysis of team performance, there is greater confidence that
our method of simulation was accurate. They also undertook a statistical technique
called meta-analysis to combine the results of their studies and ours. Since their results
were very similar to ours for teams, individuals, and perspectives, the meta-analysis
allows additional confidence in our results.

The replication undertaken at Trondheim is also interesting as it represents an
experiment with a different but related version of the PBR techniques [? ]. The same
underlying abstractions of information and models of the low-level activities were
used; however, the abstractions were mapped to procedures in a very different way. In
order to be able to gauge the level of process conformance subjects used when asked to
apply PBR, Sørumgård gave subjects a detailed technique for building the abstraction
rather than allowing them to use their usual technique. Somewhat surprisingly, the
result of this study was that the more specific technique did not result in increased
process conformance.”

“Section 2.1.9 discussed a replication of the original experiment at the University
of Trondheim that attempted to use a more specific technique to accomplish these
same ends [Sørumgård97]. Because that experiment did not observe the effects it had

76



Series C

hoped to see (viz. increased process conformance), we adopted a different strategy for
producing reading techniques at a higher level of detail. The differences between our
technique and theirs lie in the underlying models of the reading technique and are
discussed in section 3.3 below.”

“Even though this is only a draft of the finished product, we consider this to be a
promising lab package in that it has already supported replications of the experiment in
a number of different environments (in Philadelphia, Italy, Brazil, and Sweden). As the
analyses of these experiments are published, they can be used to build hypotheses about
the larger area of reading techniques, as the Kaiserslautern and Trondheim replications
were used in the original PBR experiment.”

Experiment C:4

Authors/reference: [? ] Lund
Type: replication
Motivation: different, but related question
Guidelines: Cook and Campbell [r14], Wohlin et al. [r60]; none

on repli. as such
Materials (other tasks): “based on a lab package provided by the university

of Maryland in order to support empirical invest-
igations of scenario-based reading.” Only 1 part
used?

Changes (more time? de-
brief?):
Encouragement of fur-
ther replication:

Yes. both meta-analysis and new replications.

Dates: 1999? 2000?
Subjects (experience,
country, university):

30 graduate students

Tasks & materials (meas-
urement changed how?):

minimal changes

Hypothesis or research
questions changed? ad-
ded?

yes

Confirms results: no
Brooks et al. classification
[r8]:

(alternative, similar, alternative)

Experiment as such was close, but different questions.
Analysis of previous repl. series.
Stong arguments for meta-analysis.
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Series D

Experiment D:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): 135 lines of COBOL
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

–

Dates: June 1995
Subjects (experience,
country, university):

101 undergraduate students at the University of
New South Wales

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment D:1

Authors/reference: [? ]
Type: replication
Motivation: confirm, improve, further study of D:0
Guidelines: Judd et al. [r28]
Materials (other tasks): Same COBOL task
Changes (more time? de-
brief?):

more realistic, roles assigned

Encouragement of fur-
ther replication:

yes, with professionals

Dates: June 1996
Subjects (experience,
country, university):

101 students at the University of New South Wales
(different from D:O)

Tasks & materials (meas-
urement changed how?):

Tasks and secondary material (forms) improved

Hypothesis or research
questions changed? ad-
ded?

improved to refelect role assignment

Confirms results: yes
Brooks et al. classification
[r8]:

(improved,improved,similar)
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Experiment E:0

Authors/reference: [? ]
Type: original
Motivation: Alleviate low power, increase generalizability
Guidelines: Daly [r15], Lindsay and Ehrenberg [r36] and sev-

eral others on statistics
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

none, just new people. (or: different modules? They
have different names p. 396 - but they say “close”
themselves on p 397 and refer to “same artefacts”)

Encouragement of fur-
ther replication:

Yes.

Dates: March–July 1998
Subjects (experience,
country, university):

professionals at Robert Bosch GmbH

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment E:1

Authors/reference: [? ]
Type: replication
Motivation: Alleviate low power, increase generalizability
Guidelines: Daly [r15], Lindsay and Ehrenberg [r36] and sev-

eral others on statistics
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

none, just new people. (or: different modules? They
have different names p. 396 - but they say “close”
themselves on p 397 and refer to “same artefacts”)

Encouragement of fur-
ther replication:

Yes.

Dates: March–July 1998
Subjects (experience,
country, university):

professionals at Robert Bosch GmbH

Tasks & materials (meas-
urement changed how?):

all had different! [see ? , table 2, table 4]

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, similar, similar)
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Experiment E:2

Authors/reference: [? ]
Type: replication
Motivation: Alleviate low power, increase generalizability
Guidelines: Daly [r15], Lindsay and Ehrenberg [r36] and sev-

eral others on statistics
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

none, just new people. (or: different modules? They
have different names p. 396 - but they say “close”
themselves on p 397 and refer to “same artefacts”)

Encouragement of fur-
ther replication:

Yes.

Dates: March–July 1998
Subjects (experience,
country, university):

professionals at Robert Bosch GmbH

Tasks & materials (meas-
urement changed how?):

all had different! [see ? , table 2, table 4]

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, similar, similar)

“Therefore, the objective is to chose a design that minimizes the threats to validity
within the prevailing cost constraints.”

“One possibility to tackle the problem of low power is to replicate an empirical
study and merge the results of the studies using meta-analysis techniques.”

“The replication of experimental studies provides a basis for confirming the res-
ults of the original experiment [[r15]]. However, replications can also be useful for
generalizing results. A framework that distinguishes between close and differentiated
replications has been suggested to explain the benefits in terms of generalizing results
[[r36]]. Our two replications can be considered close since they were performed by the
same investigators, using the same design and reading artifacts, under the same con-
ditions, within the same organization, and during the same period of time. However,
there were also some differences that facilitate the generaliztion of the results. First, the
subjects were different. Therefore, we can claim that the results hold across subjects at
Bosch Telecom GmbH. Second, the modules were varied. Again, if consistent results are
obtained, then we can claim that they are applicable across different code modules at
Bosch Telecom GmbH. By varying these two elements in the replications, one attempts
to find out if the same results occur despite these differences [[r36]].”

“To attain such generalisations, it is necessary to replicate the current study under
different conditions.”

“Therefore, we encourage the external replication of this study in different environ-
ments by different researchers. A replication can take many forms, such as controlled
experiments or case studies in industrial projects.”

“However, replication, in general, raises the question of how to compare and com-
bine the results of the original study and the replications. We found meta-analysis tools
a useful tool for this purpose. Other researchers may consider these techniques in their
arsenal of analysis approaches. This requires that researchers performing empirical re-
search not only present results from statistical[ly] significant tests in their articles, e.g.,
p-values, but also compute and include the effect size and the number of subjects in
their reporting.”
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Some (illustration) material in the article.

Series F

Experiment F:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): package (see later)
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

strongly encouraged (see below)

Dates: spring 2001
Subjects (experience,
country, university):

23 graduate students at Lund institute of techno-
logy

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“As always, when conducting experiments to increase the body of knowledge, the
experiment has to the replicated in different contexts. The replications should address
changes in the design, for example, use a different domain, and seed more faults into
the document under inspection. The method should also be investigated in a case
study in an industrial setting in order to evaluate whether it still provides positive
effects. It would be especially interesting to investigate the method with professionals
as subjects.”

The further work includes enhancement of UBR, either to include checklist items or
to investigate the time-based ranking method. Although the results are promising, the
method needs to be replicated and compared with, for example, usage-based testing.”
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Experiment F:1

Authors/reference: [? ]
Type: replication
Motivation: increase confidence or reject
Guidelines: Basili et al. [r3], meta: Thelin and Runesson [r58],

general: Wohlin et al. [r60], Juristo and Moreno [r30]
Materials (other tasks): same people
Changes (more time? de-
brief?):

no

Encouragement of fur-
ther replication:

yes, underway + package

Dates: spring 2004 or autumn 2003
Subjects (experience,
country, university):

62 graduate students (more heterogenous than F:0)
from Blekinge institute of technology

Tasks & materials (meas-
urement changed how?):

no

Hypothesis or research
questions changed? ad-
ded?

no (but deducts combined results)

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, similar, alternative)

“It is important to perform new experiments, but also to conduct replications[r3],
meta-analyses[r40, r46], and to design methods to compare series of experiment[s]
[r58]. Replications of experiments create a body of knowledge, which aids the insight
into software engineering practice. The objective of this paper is to contribute to the
improvement of reading techniques by replicating an experiment. The purpose of the
replication is to increase the confidence or to reject the result of the original experiment.

“Replications of experiments are important in order to understand more about
software engineering methods and techniques. In order to facilitate replications using
this experimental package, the material is published on http://serg.telecom.lth.
se/research/packages/”
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Experiment F:2

Authors/reference: [? ]
Type: replication
Motivation: important, esp ext (see below)
Guidelines: General: Brooks et al. [r7], Juristo and Moreno [r30],

Wohlin et al. [r60] [? ? ] On ext. replication: Basili
et al. [r3] [? ] On metaanalysis:Hayes [r23]

Materials (other tasks): package is public (not mentionned)
Changes (more time? de-
brief?):

UBR-ir introduced

Encouragement of fur-
ther replication:

yes, in general terms but not specifically

Dates: december 2003
Subjects (experience,
country, university):

131, mixed undergraduates and graduates (from
the Tech. Univ. of Vienna or the Univ. of Vienna?)

Tasks & materials (meas-
urement changed how?):

a little (UBR-ir) but data kept separate

Hypothesis or research
questions changed? ad-
ded?

addition

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, improved, improved)

“While an individual empirical study can provide evidence in a specific context, the
generalization of empirical findings should be supported with a well-planned familiy
of empirical studies, e.g. replicated experiments [r7, r30, r60] [? ? ]. Especially external
replications are important, where the experimenters are different from the researchers,
who proposed the method [r3][? ].”

“Replication of experiments requires careful planning and preparation to achieve
repeatable and comparable results.”

83



A. S 

Series G

Experiments G:0

Authors/reference: [? ]
Type: original and replication
Motivation: not expressed clearly. Statistical power?
Guidelines: None explicitly on replication. Conte et al. [r13]
Materials (other tasks): more complex in J:1, slightly different in J:2
Changes (more time? de-
brief?):

materials changed

Encouragement of fur-
ther replication:

internal

Dates: summer 1991, autumn 1992
Subjects (experience,
country, university):

11 graduates and undergradutes from Ohio State
University

Tasks & materials (meas-
urement changed how?):

yes

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, similar, similar)

Experiments G:1

Authors/reference: [? ]
Type: original and replication
Motivation: not expressed clearly. Statistical power?
Guidelines: None explicitly on replication. Conte et al. [r13]
Materials (other tasks): more complex in J:1, slightly different in J:2
Changes (more time? de-
brief?):

materials changed

Encouragement of fur-
ther replication:

internal

Dates: summer 1991, autumn 1992
Subjects (experience,
country, university):

11 graduates and undergraduates from Ohio State
University

Tasks & materials (meas-
urement changed how?):

yes

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, similar, similar)
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Experiments G:2

Authors/reference: [? ]
Type: original and replication
Motivation: not expressed clearly. Statistical power?
Guidelines: None explicitly on replication. Conte et al. [r13]
Materials (other tasks): more complex in J:1, slightly different in J:2
Changes (more time? de-
brief?):

materials changed

Encouragement of fur-
ther replication:

internal

Dates: summer 1991, autumn 1992
Subjects (experience,
country, university):

11 graduates and undergradutes

Tasks & materials (meas-
urement changed how?):

yes

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(improved, similar, similar)

“The second experiment was a replication of the first experiment using a more
complex component that encapsulated a ‘partial map’.”

“The subjects used in our experiments, while mature students many of whom
had full-time jobs involving software development, might not be representative of
the typical programmer. Generally, they had only a couple of years’ experience in
commercial software development. Subjects with different backgrounds might perform
differently on our experimental tasks; this is a potential avenue for future research.”

“We are planning furter experiments to more carefully analyze the defects made
in the development of components such as those studied herein. It is important not
only to characterize the kinds of defects observed, but also to provide if possible some
cognitive explanation of these observations. We are also planning other studies to try
and replicate the results reported herein. Studies such as these serve to provide a
more sound and scientific basis for using (or not using) various software engineering
methods.”

Very little mention of replication as a concept.
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Series H

Experiment H:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): –
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

see H:1

Dates: unknown. 1995?
Subjects (experience,
country, university):

31 students (from the University of Strathclyde?)

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment H:1

Authors/reference: [? ]
Type: replication
Motivation: not explicit
Guidelines: [r16]
Materials (other tasks): one task not used as subjects were supposed to

participate in G:0
Changes (more time? de-
brief?):

more experienced students, one task skipped

Encouragement of fur-
ther replication:

yes, multi-method & series I

Dates: unknown. 1995?
Subjects (experience,
country, university):

29 more experienced students (from the U. of Strath-
clyde?)

Tasks & materials (meas-
urement changed how?):

one task removed

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, alternative, improved)

Part of a multi-method programme of research that also includes other types of
studies.
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Series I

Experiment I:0

Authors/reference: [? ]
Type: original
Motivation: improvement of experiment
Guidelines: [r16]
Materials (other tasks): more inheritance depth that H
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

yes, with professionals

Dates: Not given. 1995?
Subjects (experience,
country, university):

31 postgraduates, partly same as H:1, from the Uni-
versity of Strathclyde

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment I:1

Authors/reference: [? ]
Type: replication
Motivation: see quotes below. increase confidence in findings
Guidelines: Daly [r15]
Materials (other tasks): freely available from [? ]
Changes (more time? de-
brief?):

no

Encouragement of fur-
ther replication:

in general, yes

Dates: unclear. 1996-1997-1998?
Subjects (experience,
country, university):

10 undergraduates from Bournemouth University

Tasks & materials (meas-
urement changed how?):

no

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: no
Brooks et al. classification
[r8]:

(similar, similar, similar)

“This section describes an experiment conducted at Bornemouth university to inde-
pendently replicate the work of the Strathclyde research team [? ]5 To this end, we are
indebted to them for making experimental materials and procedures freely available.”

5Reference added by the author.
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“There seem to be two lessons to be learnt. Firstly, one needs to be cautious about
uncritically accepting the findings of single experiments, especially where small num-
bers of student subjects are employed. Replication is important since this allows us to
have a far greater degree of confidence in the findings.”

“Another problem with experiments relates to the scale and plausibility of the
materials. Obviously[,] this is not addressed by faithful replication.”

“Thus, there is a pressing need for further empirical research utilising more subjects
and dealing with industrial scale tasks.”

Experiment I:2

Authors/reference: [? ]
Type: replication
Motivation: not specified
Guidelines: no, neither on experimenting nor on replication
Materials (other tasks): not clear
Changes (more time? de-
brief?):

see below

Encouragement of fur-
ther replication:

yes.. see text

Dates: not clear. 1998-1999?
Subjects (experience,
country, university):

48 undergraduates from the University of South-
hampton

Tasks & materials (meas-
urement changed how?):

yes—added understandability, modifications in
leaf nodes

Hypothesis or research
questions changed? ad-
ded?

some (understandability)

Confirms results: no
Brooks et al. classification
[r8]:

(improved, alternative, similar)

Materials available as a lab package.
“In this paper, we discuss the results of an experiment which we carried out based

on that carried out by Daly et al. [? ], which investigated the modifiability of C++
programs with zero, three and five levels of inheritance and suggested that there was
an optimum level of inheritance lying between three and five levels. The experiment
described in this paper differed in serveral respects. [. . . ]”

“Ideally, this empirical research should be carried out on as many industrial-sized
systems as possible, (with subjects of varying experience), supported by well-designed
hypotheses. Industrial-strength tools need to be provided to aid the speedy collection of
data and dissemination of results. To encourage replication of the experiment contained
in this paper by other researchers, experimental materials are publicly available at
http://www.ecs.soton.ak.uk/~rnv95r”
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Series J

Experiment J:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: Kaplan and Duchon [r32], Daly et al. [r17], Judd

et al. [r28], Rosnow and Rosenthal [r48]
Materials (other tasks): Yes, offered and tips (see below)
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

somehow

Dates: 1997
Subjects (experience,
country, university):

undergraduates at the University of Kaiserslautern,
number unknown

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“It is also important to point out that weaknesses imposed by these two threats can
be addresed if similar results can be obtained by using different empirical techniques—
the idea is that the weaknesses of one study can be addressed by the strengths of
another; see, e.g., [r17, r32].”

“Two, the various threats to external validity limit our ability to generalise the
results—in this instance, we plan to use the results of this student[-]based experiment
to facilitate further investigation.”

“In software engineering, to answer the type of question we are addressing here, we
usually expect to have [to] work with small sample sizes—it is common to work with
a sample of convenience, e.g., students in a programming class or with professional
programmers during a training session. [. . . ] Performing power analysis as well as
external replications are necessary to achieve significant, reliable and generalisable
results. In addition, it is likely that consistent data will have to be collected from
different studies and integrated to allow meta-analyses to be performed [r28, r48]
[. . . ]”

“To be plausible, collaboration between different research groups is necessary, an
objective of research networks such as ISERN (International Software Engineering
Network).”
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Experiment J:1

Authors/reference: [? ]
Type: replication
Motivation: further investigation
Guidelines: Brooks et al. [r8], Wood et al. [r61], Kaplan and

Duchon [r32]
Materials (other tasks): same researchers
Changes (more time? de-
brief?):

different tasks and more subjects

Encouragement of fur-
ther replication:

Yes

Dates: 1997?
Subjects (experience,
country, university):

33 graduate students, University of Kaiserslauterns

Tasks & materials (meas-
urement changed how?):

yes, to “further isolate the effects being investig-
ated.”

Hypothesis or research
questions changed? ad-
ded?

subset

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, improved, improved)

“The investigation utilizes and improves upon the object-oriented materials from
the original study ([. . . ]). In addition, the hypotheses of this study are a subset of
the hypotheses from the original study ([. . . ]). Consequently, using the framework of
Brooks et al. as a reference [r8], the study can be classified as an internal replication—
that is, a replication conducted by the same set of researchers that performed the
original study. The replication framework of Brooks et al. [r8] provides a classification
scheme for replications along three different dimensions of an experiment (method,
tasks, subjects). Accordingly, we would classify this internal replication as (similar,
improved, improved). Method is similar because it is the same method used in the
original study. Tasks are classified [as] improved because they were modified to test the
hypotheses more thoroughly, [. . . ]. Subjects are also classified as improved because,
although the same subject pool was used, the number of subjects was far greater and
the debriefing questionnaire elicited more detailed information.”

“Laboratory settings such as this one allow the investigation of a larger number of
hypotheses at a lower cost than field studies. The hypotheses that seem to be supported
in the laboratory setting can then be tested further in more realistic industrial settings
with a better chance of discovering important and interesting findings. Conversely,
laboratory experiments can be used to confirm results obtained in field studies, where
control and, therefore, internal validity is usually weaker.”

“A replication package is available for researchers interested in externally replic-
ating our experiment. Improvements to the experimental procedure might include
increasing the task time and improving the time data collection procedures.”

Replication package is available, and the article provides hints on what to improve.
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Series K

Experiment K:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): –
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

no

Dates: not given. 1998?
Subjects (experience,
country, university):

69 post-graduate students at Université de Paris
I—Panthéon Sorbonne

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment K:1

Authors/reference: [? ]
Type: replication
Motivation: not convinced by results in K:0
Guidelines: [r47]
Materials (other tasks): obtained from K:O in the CREWS project
Changes (more time? de-
brief?):

some modified guidelines

Encouragement of fur-
ther replication:

not this experiment in particular

Dates: not given. 2000?
Subjects (experience,
country, university):

14 post-graduate students at Bournemouth Univer-
sity

Tasks & materials (meas-
urement changed how?):

improved guidelines

Hypothesis or research
questions changed? ad-
ded?

unchanged

Confirms results: yes and no
Brooks et al. classification
[r8]:

(improved, similar, similar)

“When attempting to replicate an experiment, it would be ideal to perform an
‘exact replica- tion’ of that experiment. The goal would be to get the same results as the
original experiment from similar conditions or, indeed, to prove the null hypothesis.
This is not very easy to do in most software engineering experiments because different
people will be involved who have different degrees of knowledge and interpretation
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and apply them in different ways. Although ‘no replication is ever exact’ (Robson, 1993),
as close a replication as possible is the next best alternative.”

“It is unclear which approach the CREWS experiment took but insufficient inform-
ation has been given to allow close replication. A number of points interested us about
the CREWS experiment. First, we were not convinced by all the CREWS guidelines.
Second, we were not convinced about the validity of their hypotheses. Third, we were
not convinced that application of the guidelines could produce better use-case descrip-
tions than application of common sense because many of the guidelines appear to be
constructs in the English language that are used every day.”

“There is a replication issue to consider regarding this study. Since the CREWS
experimental procedures are not completely documented, it is not justified to call our
experiment an exact replication. However, it has proven a useful exercise nonetheless to
implement the guidelines and see what difference they make to use-case descriptions.”

“The body of work produced by CREWS is very significant and we welcome this
research. The guidelines, as part of that research, are very interesting and we recom-
mend that the guidelines should be considered when authoring use cases, especially
aspects of the Style Guidelines. However, our results found, especially with regards
the Content Guidelines, only the number of times a guideline was correctly implemen-
ted. As such, we are unclear how some of the guidelines necessarily improve use-case
descriptions. We think it important that further studies be carried out to implement the
CREWS guidelines. ”

Series L

Experiment L:0

Authors/reference: [? ]
Type: original and replication
Motivation: Increase confidence in findings
Guidelines: Cook and Campbell [r14]
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

Different subjects (but same time, randomised)

Encouragement of fur-
ther replication:

Different application but same domain.+did a pilot

Dates: yes, esp. with professionals.
Subjects (experience,
country, university):

1997-1998?

71 undergraduates (for
both experiment in-
stances) (University of
Dayton, Ohio?)
Tasks & materials (meas-
urement changed how?):

another task.

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, alternative, similar)
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Experiment L:1

Authors/reference: [? ]
Type: original and replication
Motivation: Increase confidence in findings
Guidelines: Cook and Campbell [r14]
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

Different subjects (but same time, randomised)

Encouragement of fur-
ther replication:

Different application but same domain.+did a pilot

Dates: yes, esp. with professionals.
Subjects (experience,
country, university):

1997-1998?

71 undergraduates (for
both experiment in-
stances) (University of
Dayton, Ohio?)
Tasks & materials (meas-
urement changed how?):

another task.

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, alternative, similar)

“Furthermore, to increase confidence in the findings, the main experiment was
replicated using another task.”

“Replication helped addess the criticism of low generalizability leveled against
experiments and contributed to the external validity of the study.”

All material in the article—possible to replicate quasi-close just from the article.
There was a pilot w/ 18 students also.
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Series M

Experiment M:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): Java task
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

–

Dates: January 1997
Subjects (experience,
country, university):

74 German graduate students at the University of
Karlsruhe

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment M:1

Authors/reference: [? ]
Type: replication
Motivation: complement results
Guidelines: no explicit reference
Materials (other tasks): C++ task
Changes (more time? de-
brief?):

different task, less experienced subjects

Encouragement of fur-
ther replication:

no

Dates: May 1997
Subjects (experience,
country, university):

22 American undergraduates at Washington Uni-
versity St. Louis

Tasks & materials (meas-
urement changed how?):

different task (other programming language)

Hypothesis or research
questions changed? ad-
ded?

same

Confirms results: yes
Brooks et al. classification
[r8]:

(similar,alternative,alternative)
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Series N

Series N

Experiment N:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): –
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

need more metrics, replication a possibility

Dates: unclear. 2001 or 2002?
Subjects (experience,
country, university):

70 undergraduate students at the university of
Castilla–La Mancha

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“Several experts [have] suggested the necessity of a public repository of measure-
ment experiences, which we think would be a good step towards the success of all the
work done on software measurement.”

Experiment N:1

Authors/reference: [? ]
Type: replication, internal
Motivation: improve some issues not covered
Guidelines: None on replication as such. Wohlin et al. [r60]
Materials (other tasks): same people
Changes (more time? de-
brief?):

none

Encouragement of fur-
ther replication:

no

Dates: unclear. 2002?
Subjects (experience,
country, university):

28 undergraduates from another university, the uni-
versity of Seville

Tasks & materials (meas-
urement changed how?):

yes

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, improved, alternative)

“We decided to carry out this experiment trying to improve some issues not covered
in the previous one[.]”
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“The experiment was replicated with [an]other group of twenty eight students.
They were also undergraduate students [. . . ] Therefore, the characteristics of the sub-
jects were similar.”

It’s unclear whether the materials were changed between the original experiment
and the replication or between previous experiments and the original in this series. The
text tends to suggest the latter.

Series O

Experiment O:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): C++ design pattern tasks
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

not explicitly encouraged

Dates: November 1997
Subjects (experience,
country, university):

29 professionals with 4 years’ experience, all from
one company, Munich, Germany

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)
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Experiment O:1

Authors/reference: [? ]
Type: replication
Motivation: improve realism
Guidelines: [r54, r34], [r36]
Materials (other tasks): adapted from O:0
Changes (more time? de-
brief?):

real tasks, not paper-based, performed at a com-
puter

Encouragement of fur-
ther replication:

FURTHER

Dates: DATES
Subjects (experience,
country, university):

44 professional subjects (paid), Oslo, Norway

Tasks & materials (meas-
urement changed how?):

Real tasks performed at a computer, not paper-
based

Hypothesis or research
questions changed? ad-
ded?

same, but much more data collected

Confirms results: yes
Brooks et al. classification
[r8]:

(improved,alternative,improved)

Series P

Experiment P:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): –
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

calls for more research but not replication in partic-
ular.

Dates: not given. 1984?
Subjects (experience,
country, university):

16 ‘experienced programmers’ (professionals and
advanced students)

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

There are actually two runs in this experiment; statistical replication.
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Experiment P:1

Authors/reference: [? ]
Type: replication
Motivation: replication as such, experiment suitable for replica-

tion
Guidelines: Wrote their own: [r7]
Materials (other tasks): same
Changes (more time? de-
brief?):

resisted temptation to change in the interest of rep-
lication

Encouragement of fur-
ther replication:

not of this particular research

Dates: not given. 1993?
Subjects (experience,
country, university):

23 (17 successful), various levels of students and
researchers

Tasks & materials (meas-
urement changed how?):

same

Hypothesis or research
questions changed? ad-
ded?

inductive analysis

Confirms results: no
Brooks et al. classification
[r8]:

(similar, improved, similar)

“[P:0] qualified as well-performed and experimentally based.”
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Series Q

Experiments Q:0

Authors/reference: [? ]
Type: original and replication
Motivation: “[. . . ] Experiment III served to verify the repeatabil-

ity of the experiment in a production environment
and to make a first comparison between the res-
ults obtainable in a[n] academic or a production
milieu.”

Guidelines: no reference
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

more complex task in 1 and 2, professionals in 2.
(obs: orig = 0)

Encouragement of fur-
ther replication:

No mention

Dates: 1996-1997
Subjects (experience,
country, university):

undergraduates

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment 1 almost a pre-test “Experiment I served to hone the tools used”.
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Experiments Q:1

Authors/reference: [? ]
Type: original and replication
Motivation: “[. . . ] Experiment III served to verify the repeatabil-

ity of the experiment in a production environment
and to make a first comparison between the res-
ults obtainable in a[n] academic or a production
milieu.”

Guidelines: no reference
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

more complex task in 1 and 2, professionals in 2.
(obs: orig = 0)

Encouragement of fur-
ther replication:

No mention

Dates: 1996-1997
Subjects (experience,
country, university):

undergraduates

Tasks & materials (meas-
urement changed how?):

different tasks

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar,improved,similar)

Experiments Q:2

Authors/reference: [? ]
Type: original and replication
Motivation: “[. . . ] Experiment III served to verify the repeatabil-

ity of the experiment in a production environment
and to make a first comparison between the res-
ults obtainable in a[n] academic or a production
milieu.”

Guidelines: no reference
Materials (other tasks): Same experimenters
Changes (more time? de-
brief?):

more complex task in 1 and 2, professionals in 2.
(obs: orig = 0)

Encouragement of fur-
ther replication:

No mention

Dates: 1996-1997
Subjects (experience,
country, university):

professionals

Tasks & materials (meas-
urement changed how?):

same tasks as E:1

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar,improved,improved)
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Series R

Material not in article and not ‘offered’.

Series R

Experiment R:0

Authors/reference: [? ]
Type: original
Motivation: [r2]
Guidelines: –
Materials (other tasks): LabView emulation in SuperCard
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

not mentioned

Dates: not stated. 1990?
Subjects (experience,
country, university):

5 non-professionals

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

Experiment R:1

Authors/reference: [? ]
Type: replication
Motivation: interest in the field, replication as such, small num-

ber of subjects in S:0
Guidelines: none given, [r2]
Materials (other tasks): unobtainable, reconstructed from pieces
Changes (more time? de-
brief?):

very similar overall

Encouragement of fur-
ther replication:

no outright mention

Dates: not stated. 1996
Subjects (experience,
country, university):

nine subjects

Tasks & materials (meas-
urement changed how?):

reconstructed but largely identical

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, similar, similar)
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“The small number of subjects is one of the reasons that a replication was import-
ant.”

“The goals of our investigation are threefold. First, we replicated the study of Green
et al.. Thus, we based our experimental design on theirs.”

“The subjects in this experiment were all programmers with more than three years
of programming experience. None had more than cursory experience with LabVIEW
programming. The experimental method used was the same as that of the experiment of
Green et al. The 16 screens used as stimuli were identical to those used in that previous
experiment. We were unable to obtain a working version of the original SuperCard
driving program, but were able to reconstruct it from pieces. The primary differences
from this experiment and the study of Green et al. were these: [. . . ]”

“The experimental design [and method] of the replication experiment was identical
to that of the experiment of Green et al..”

“The validity of our replication may be questioned because our subjects lack of
experience with LabVIEW programming, where subject in Green’s experiment had at
least six months’ experience.”

The article also contains a report of a further, new experiment.

Series S

Experiment S:0

Authors/reference: [? ]
Type: original
Motivation: experiments have problems
Guidelines: Pfleeger [r45], Bourque and Côte [r5]
Materials (other tasks): Available on-line
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

yes, see below

Dates: unknown. 1998-1999?
Subjects (experience,
country, university):

59 undergraduate students

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“However, the controlled experiments have problems (like the large number of
variables that causes differences, dealing with low level issues, microcosms of reality
and small set of variables) and limits (do not scale up, are done in class training
situations, are made in vitro and face a variety of threats of validity). Therefore, it
may be more convenient to run multiple studies, mixing controlled experiments with
case studies. For these reasons, a more deep empirical evaluation is under way in
collaboration with industrial and public organisations in “real-life” situations.
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Experiment S:1

Authors/reference: [? ]
Type: replication
Motivation: make results of experiment more reliable
Guidelines: Wohlin et al. [r60], Basili et al. [r3]
Materials (other tasks): same people
Changes (more time? de-
brief?):

measurement changed

Encouragement of fur-
ther replication:

yes

Dates: not clear. 1999-2000?
Subjects (experience,
country, university):

11 professionals from Cronos S.A:

Tasks & materials (meas-
urement changed how?):

no

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: unclear
Brooks et al. classification
[r8]:

(improved, similar, improved)

“Prior to this study, we conducted another controlled experiment with the aim of
proving [. . . ]

As the controlled experiment presented later in this paper is the replica of this
earlier one, most of their characteristics are are similar. [. . . ] [W]here necessary, we will
point out specific differences between the original and the replica.”

There was also a case study in this experiment family.
“As previously indicated, the main goal of this paper is to explain the replica of the

previous controlled experiment. The hypothesis did not vary in the replication of the
experiment. However, we did change the way in which the dependent variable was
measured (we wanted to capture the analyzability in another way to confirm if the
previous results were independent of the way the analyzability was captured) and of
the subjects (due to the limitations related to the experiments performed by students).
By carrying out this kind of replication in which the same hypothesis is studied, but
some details of the experiment are changed, our aim is to make the results of the
experiment more reliable.

Experiment goals defined in GQM: “To analyze the metrics for relational databases
for the purpose of evaluating if they can be used as a useful mechanisms with respect of
the relational databases analyzability from the designer point of view in the context of
professionals in relational databases.”

“Replication of the experiments is also necessary because with the isolated results
of one experiment only, it is difficult to appreciate how widely applicable the results
are, and, thus, to assess to what extent they really contribute to the field [r3]. In this
paper, the complete replica of an experiment conducted with the two metrics presented
is explained in detail.”

“Performing empirical validation with the metrics is fundamental in order to
demonstrate their practical utility. In this line, we have summarized two previous
empirical studies made with metrics for relational databases: a controlled experiment
and a case study.”
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Series T

Experiment T:0

Authors/reference: [? ]
Type: original
Motivation: –
Guidelines: –
Materials (other tasks): –
Changes (more time? de-
brief?):

–

Encouragement of fur-
ther replication:

yes, buth the experiment needs to be evolved.

Dates: not given. 1999?
Subjects (experience,
country, university):

12 graduate students from the university of Kaiser-
slautern

Tasks & materials (meas-
urement changed how?):

–

Hypothesis or research
questions changed? ad-
ded?

–

Confirms results: –
Brooks et al. classification
[r8]:

(–)

“In any case, the point should be emphasised that the presented research at its
current stage is exploratory of nature and just the first step of a series of experiments,
which—after modification of the treatments and stepwise inclusion of subjects with
different backgrounds—might yield more generalisable results in the future.”

“A closer look at the nature of the applied treatments also proposes an improved
experimental design for future replications.”
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Series T

Experiment T:1

Authors/reference: [? ]
Type: replication, internal
Motivation: not given explicitly
Guidelines: none (only on statistics in general
Materials (other tasks): same people
Changes (more time? de-
brief?):

more time

Encouragement of fur-
ther replication:

yes

Dates: 2001?
Subjects (experience,
country, university):

10 graduate and 2 postgraduate students from the
university of Oulu

Tasks & materials (meas-
urement changed how?):

more time

Hypothesis or research
questions changed? ad-
ded?

no

Confirms results: yes
Brooks et al. classification
[r8]:

(similar, similar, similar)

“This paper presents the results of a controlled experiment and its first external rep-
lication [. . . ] While the experiment was originally performed at the university of Kais-
erslautern, Germany [? ] its replication took place at the University of Oulu,Finland.”

“In any case, the point should be emphasized that the presented research at its
current stage is exploratory of nature and just the first step of a series of experiments,
which—after modification of the treatments and stepwise inclusion of subjects with
different backgrounds—might yield more generalisable results in the future.”

“Although the results of the two studies are promising, further replication is re-
quired for two reasons. First, a single study even if replicated only provides a starting
point for investigation. In this case, the studies were exploratory in nature. Based on the
presented results, a further replication should consider the examination of cause/effect
relationships. And second, each empirical study exhibits specific threats to validity,
which can only be ruled out by replication. Additional replications of this study are
currently planned.”

Misinterpretation of ‘external replication’? Same experimenters, even if in a differ-
ent setting?
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Appendix C

Laboratory packages on the Web

Basili et al. [r3] has some interesting pointers on what a lab package should
contain.

Series B

I wasn’t able to find it. . .

Series C

http://www.cs.umd.edu/projects/SoftEng/ESEG/manual/pbr_package/manual.
html

Series F

http://serg.telecom.lth.se/research/packages/

Series H

http://www.ecs.soton.ac.uk/~rnv95r/ but seems to have moved.

Series J

I wasn’t able to find it. . .

Series M

http://wwwipd.ira.uka.de/EIR/

Series R

http://alarcos.inf-cr.uclm.es/english/asp/labpackage.asp
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Appendix D

Simula Research Laboratory

The Simula Research Laboratory conducts basic research in the fields of com-
munication technology, scientific computing and software engineering. Our
aim is to carry out research of the highest quality, educate graduate university
students and create new businesses. The research will focus on fundamental
scientific problems with a large potential for important applications in society.
Education will be delivered in partnership with the universities in Norway.
Simula will actively support, and create the conditions necessary for, the es-
tablishment of businesses based on the research it conducts.

Simula was established in 2001 and is located at Fornebu. The Norwe-
gian Government funds Simula through a contract with The Research Council
of Norway. In addition, Simula seeks co-operation with industry in order
to provide solutions, increase the relevance of the research, and in order to
strengthen the funding of basic research. It is a Simula policy to avoid short-
term projects. Consulting and technologically oriented projects should prefer-
ably be organised as stand alone companies or conducted in co-operation with
other partners.

The Simula Research Laboratory was evaluated in the fall of 2004. Five
internationally renowned professors assigned by The Research Council of
Norway conducted the evaluation. Some of their findings were:

1. The Evaluation Committee is impressed with the progress and level of
activity achieved at the Simula Research Laboratory in the comparat-
ively short time since its foundation. The organisation has succeeded in
generating a vibrant research culture and is now operating as a highly
effective research unit with growing international recognition.

2. The Simula Research Laboratory offers a unique environment that em-
phasises and promotes basic research while still covering the broader
landscape from postgraduate teaching to commercialisation. The organ-
isational and funding framework allows basic research to take centre
stage, without any domination by constraints from pursuit of external
funding typically found in industrial research institutes, or from the
heavier teaching commitments found in the Universities.

3. The Evaluation Committee recommends that the Simula Research Labor-
atory be funded for the next 5 years. Furthermore, to ensure long- term
continuity, the Evaluation Committee recommends that the Simula Re-
search Laboratory be placed on a rolling 5+5 year contractual basis.
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The Software Engineering department

The vision of the SE department is to be an international leader in under-
standing software engineering technologies regarding their impact on human,
organisational and technological dimensions of systems development. Acquir-
ing a deep understanding requires proposing and validating theories on the
basis of experiments and other empirical studies, primarily conducted in soft-
ware development organisations. The motivation for the research conducted
in the SE department is to support the private and public IT industries in
developing better IT systems using fewer resources. Hence, technology and
knowledge transfer is an important part of the strategy of SE, and is provided
through media, teaching, courses in industry and consultancy through Simula
Innovation.
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