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Foreword

This book makes an important and timely contribution. Agile methods are gaining
more and more interest both in industry and research. Many industries transform
their way of working from traditional waterfall projects with long duration to more
incremental, iterative and agile practices. Furthermore, the need to evaluate and to
obtain evidence for different processes, methods and tools has been emphasized in
research in particular over the last decade. The main contribution comes primarily
from combining agile methods (or more precisely XP and test-first programming)
with empirical evaluation.

The book’s contribution is important since it evaluates empirically a way of
working which is more and more embraced by companies developing software
or software-intensive systems. Thus, it evaluates new way of working which is a
challenge given the pace in which new technologies evolve, and in particular it
provides evidence in relation to test-first programming or test-driven development.
However, this is not the sole contribution. The book presents three experiments in
much more depth than normally is possible in a research article. This means that
it provides readers with in-depth insights into experimental methods in the context
of agile development. This includes presentation of statistical methods having con-
crete examples of how to conduct the statistical analysis with SPSS and a thorough
discussion about the different validity threats in empirical studies. Furthermore, the
book presents how meta-analysis can be conducted when having several separate
experiments.

In summary the book provides many valuable insights both to practitioners
in terms of the evidence for test-first programming and to researchers in terms
of clear illustrations of how new processes, methods and tools can be evaluated
using experimentation in software engineering. It is pleasure to recommend this
book to practitioners and researchers being interested in agile methods or empirical
evaluation or both of them.

Karlskrona, Sweden Professor Claes Wohlin
Blekinge Institute of Technology
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Preface

There is strong shadow where there is much light.
—Johann Wolfgang von Goethe

Following the recent recommendations in medicine and psychology [21, 98], as well
as the guidelines offered by the empirical software engineering community [109,
127, 140, 141, 227], this preface takes the form of a structured abstract.! For the
sake of clarity, statistical results are not included in the preface itself but they may
be found in Appendix.

Background

The quality of the methods used to evaluate new software development techniques,
practices, processes, technologies, tools, etc., indicates the maturity of the software
engineering research discipline. Consequently, experimentation, as a systematic,
disciplined, quantifiable and controlled way of evaluation becomes a fundamen-
tal part of both research and practice in software engineering. The importance of
properly conducted and replicated experiments has become widely accepted in the
software engineering community. Owing to the empirical studies and their analysis
or meta-analysis, industry may take advantage of the already accumulated knowl-
edge. The roots of that fundamental shift in software engineering research can, to
a large extent, be found in evidence-based medicine. Controlled experiments, quasi-
experiments and case studies become the primary research methods by which the
choice of software development techniques should be justified. Systematic reviews
and meta-analyses are gaining increasing acceptance as the methods of summarizing

! Structured abstracts organize the summaries of publications with the following common head-
ings: background or context, objective or aim, method, results, limitations and conclusions [127].
Several researchers who compared structured abstracts with traditional ones support the claim
that structured abstracts are an improvement over traditional ones. Not only is more information
presented, which is helpful for the reader, but also the format requires that the authors organize and
present their findings in a systematic way, easier to read [109].
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the results of a number of empirical studies. Evidence-based software engineering
(EBSE) undermines anecdotal evidence and unsystematic experience as sufficient
grounds for decision making while stressing instead the empirical evidence from
software engineering research.

Another interesting shift in software engineering has been created by the agile
movement in general, and eXtreme Programming (XP) in particular. Agile teams
shape software systems using a collaborative process, with executable software and
automated tests at its heart, whilst marginalising the documents. That creates a shift
away from tools for managing requirements to tools (originating from the XP val-
ues, principles and practices) supporting collaboration and the gradual distillation
of requirements into automated test suites [58]. The Test-First Programming (TF)
practice, also called Test-Driven Development, is considered the flagship and one of
the most influential practices of the XP methodology [15, 23, 144], as well as the
one of the most controversial ones [179].

Both the experimentation in software engineering and the agile movement influ-
enced this book. The latter attracted the attention of the author to the agile method-
ologies, XP and then the flagship XP practice, i.e. TF. The former influenced the way
the research was conducted and reported (e.g. the stress on the effect size estimates
and meta-analysis).

Objective

The purpose of this book was to evaluate the effects of the TF agile software
development practice with respect to the percentage of acceptance tests passed (con-
sidered an external code quality indicator [87, 88]), design complexity metrics (that
have been found significant for assessing fault proneness by several researchers
[19, 32, 33, 95, 200, 238]) and the number of acceptance tests passed per devel-
opment hour (which is an indicator of development speed). Moreover, the aim is to
present the preliminary evaluation of the impact of the TF practice on mutation score
indicator and branch coverage, the indicators of the fault detection effectiveness and
the thoroughness of unit tests, respectively.

An additional (but auxiliary) objective of the book was to present how to perform
an analysis of experiments in software engineering using the Statistical Package
for the Social Sciences (SPSS). Conference or even journal papers usually present
short and thus superficial descriptions of the performed analyses, while the existing
excellent books [131, 227, 259] cover a wide range of topics related to Empirical
Software Engineering (ESE) and, therefore, do not focus on the joint analysis of
closely related experiments.

Method

The effects of the TF programming practice were evaluated by conducting three
experiments named ACCOUNTING (experiment on the development of an accounting
system), SUBMISSION (experiment on the development of a paper submission and
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review system), and SMELLS&LIBRARY (experiment on the development of both
a tool for identifying bad smells in Java source code through the use of a set
of software metrics and a library application). Those experiments, described in
Chap. 4, were carried out in academic setting with over 200 graduate MSc students,
using both between-groups (in Experiments ACCOUNTING and SUBMISSION) and
repeated measures (in Experiment SMELLS&LIBRARY) experimental designs.
Furthermore, the Pair Programming (PP) practice was used along with the TF
programming practice in the first experiment to check whether there is a synergy
between both XP practices. The data were collected with the help of different mea-
surement tools. Some of them (Judy, Aopmetrics, ActivitySensor and SmartSensor
Eclipse plugins) have been developed especially for the sake of the experiments. The
statistical analysis of experiments has been described in Chaps. 5, 6 and 7, while the
meta-analysis has been performed in Chap. 9. A selective analysis and selective
meta-analysis have been carried out to minimize threats to the validity (e.g. process
conformance threat). Effect sizes were reported and interpreted with respect to their
practical importance.

Results

The main result observed on the basis of the meta-analysis of Experiments
ACCOUNTING, SUBMISSION and SMELLS&LIBRARY is that programmers using
Test-First Solo Programming (TFSP) technique produce a code that is significantly
less coupled than that produced by programmers using Test-Last Solo Programming
(TLSP) technique. This finding has also been confirmed by the selective analysis of
Experiments SUBMISSION and SMELLS&LIBRARY. Furthermore, the mean effect
size represents a medium (but close to large) effect on the basis of meta-analysis of
all the experiments, as well as selective meta-analysis, which is a substantial finding.
It suggests a better modularization (i.e. a more modular design), easier reuse and
testing of the developed software products [43] due to the TF programming practice.

However, the superiority of the TF practice in the investigated context was not
confirmed with respect to the two remaining areas of investigation. The mean value
of weighted methods per class (WMCyean) Was not significantly affected by the
TF programming practice according to the meta-analysis, as well as selective meta-
analysis, while the mean effect size represents a small effect according to the meta-
analysis, as well as the selective meta-analysis.

The mean value of response for a class (RFCyjean) Was not significantly affected
by the TF practice based on Fisher’s method of combining p-values. The mean
effect size represents a small effect according to meta-analysis as well as selective
meta-analysis.

Moreover, the results revealed that the TF practice does not have a statistically
significant impact, neither on the percentage of acceptance tests passed (PATP),
which is an indicator of external code quality, nor on the number of acceptance
tests passed per development hour (NATPPH), which is an indicator of development
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speed. The mean effect size of TF on the percentage of acceptance tests passed
(PATP) represents a small effect. The mean effect size of TF on the number of
acceptance tests passed per hour (NATPPH) represents a small effect, too.

Furthermore, the effect of the TF practice on unit tests was measured by branch
coverage (BC) and mutation score indicator (MSI), which are indicators of the thor-
oughness and the fault detection effectiveness of unit tests, respectively. Relying
on the preliminary results, BC was not significantly higher in the TFSP than in the
TLSP group. However, the effect size was medium in size and therefore the effect of
TF on branch coverage is a substantive effect. TLSP and TFSP did not significantly
differ in MSI and the effect size was small.

Limitations

The threats to the validity of the conducted experiments (e.g. relevance to industry)
are thoroughly discussed in Sect. 10.5. The generalization of results is limited, since
the analysed TF practice was applied to develop systems smaller than 10,000 lines
of code. Further experimentation (e.g. in industrial context) is needed to establish
evidence.

Conclusions

The results reinforced the evidence regarding the superiority of the TF practice
over the Test-Last Programming (TL) practice, with respect to the lower coupling
between objects (CBOpean). However, the superiority of the TF programming prac-
tice in the investigated context was not supported with respect to the percentage of
acceptance tests passed (PATP), the number of acceptance tests passed per develop-
ment hour (NATPPH), weighted methods per class WMCyean, and response for a
class (RFCpyean)-

Wroclaw, Poland Lech Madeyski
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