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Abstract

Context: Due to the lack of suitably skilled partici-
pants, software engineering experiments often lack the
statistical power needed to detect the levels of effect
that may be encountered.
Aim: To investigate whether this can be remedied by
running an experiment across multiple sites, organised
as a single study rather than as a set of replications.
Method: We performed a ‘trial’ of the idea using a
topic (structured abstracts) that some of us had studied
previously and which required no participant training.
We used five sites, each with 16 participants.
Results: We were able to demonstrate the benefits of in-
creased statistical power (and of structured abstracts).
We report on our experiences with designing and con-
ducting the study and identify some key lessons about
how future studies of this form might be organised.
Conclusions: The distributed model offers a flexible,
robust form that is capable of delivering better statis-
tical power than would be achieved by running a set
of parallel replicated studies.
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1. Introduction

There is a reasonably well-established tradition of
conducting empirical studies in software engineering
[1], most notably in the form of experiments and
quasi-experiments [2]. However, one of the criticisms
of such studies as conducted by software engineering
researchers is that they are often too small to have
the necessary degree of statistical power to detect
the levels of effect that are likely to be produced
by software engineering practices [3], [4], [5]. (The
statistical power is the probability that a given test
will correctly reject the null hypothesis.) The empirical
research community has also begun to recognise the
value of performing replicated studies, although there
is still debate about how best to organise these [6],
[7], [8], [9]. Both of these issues are increasingly
important because such ‘primary’ studies provide the
inputs for the secondary studies that form the key
tool of the evidence-based paradigm [10]. Because
secondary studies aim to synthesise the results from
many primary studies, they need a sufficient number
of these, and also need them to be of good quality
and meaningful (which implies having a good level of
statistical power) [3], [5].

This paper describes our experience with using
a model for performing controlled experiments on
a scale adequate for delivering appropriate statistical
power. This is achieved by using a number of differ-
ent sites, each with their own group of participants
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and their own experimental material. For software
engineering, where experimental studies often require
participants who possess particular technical skills and
expertise, such people may only be available in small
numbers in any one place, this offers a potentially
valuable development. In particular, it offers the means
of producing results with the degree of statistical power
needed for higher quality secondary studies.

In order to investigate the effectiveness of this
approach, we undertook an exploratory study based
upon an experimental assessment of the effectiveness
of structured abstracts when used with software en-
gineering papers. A structured abstract (as provided
with this paper) is one that makes use of a number of
standard headings, and is a mechanism used across a
range of disciplines for ensuring that the abstract of
an empirical paper reports key aspects of the study
[11], [12], [13]. The main reason for our choice of
this topic was methodological—arising from the way
that conducting secondary studies such as systematic
literature reviews necessarily involves the researchers
in making a large number of decisions about the
inclusion or exclusion of primary studies. If the use of
structured abstracts means that more of these decisions
can be made on the basis of reading the abstract rather
than needing to read the complete paper, then this will
greatly improve the systematic review process. A sec-
ond reason was that we had identified the opportunity
to perform a cohort study with abstracts that were
written by the original authors of the associated papers,
unlike our previous studies that had either involved
using structured abstracts constructed by the research
team [14] or by student authors [15]. A third reason
was that it was practical to undertake this study using
student participants, and that no formal skill training
was required, making it a convenient test for our ideas.

For this paper, the research question that we ad-
dress is: “Is a centralised organisational model suit-
able for conducting a widely distributed experimental
study in software engineering?”. So, in describing our
study, we focus largely upon a retrospective analysis
of the organisational aspects.

Although this paper primarily describes our study
from a methodological perspective, it is useful to note
that we did determine that using structured abstracts
improves both the completeness and the clarity of
abstracts, albeit that only the former is statistically
significant. Overall therefore, this study reinforced the
experiences from our previous studies, as well as the
findings of similar studies in other disciplines [16].

The following two sections briefly enlarge upon

some relevant issues related to both replicated studies
and structured abstracts respectively. We then report
on the design and conduct of this study, followed by
an evaluation of its organisation and a brief summary
of the outcomes (these will be reported more fully
elsewhere [17]). Lastly, we identify the methodological
lessons that were learned about how to conduct such a
distributed empirical study, review the relevant threats
to validity, and assess the effectiveness of this model.

2. Replication of Experiments

The role of replicated studies, and what precisely
constitutes a replicated study is an ongoing topic of
debate for software engineering [6], [7], [8], [9]. (As
a caveat, in this paper, we are only really interested
in replications of human-centric studies.) In particular,
we should note that both Sjøberg, and later Juristo and
Vegas found that, in software engineering, replications
conducted by the same experimenters usually obtain
the same results as the original studies, whereas those
performed by other researchers do not always lead to
similar results [1], [9].

The vocabulary introduced by Lindsay and Ehren-
berg [18] is quite widely used when discussing repli-
cation, and distinguishes between two main forms.
Close replication is not ‘identical’ (the authors ob-
serve that an identical replication would be virtually
impossible and of little value). For a close replication
the aim is to keep the known conditions for a study
“much the same, or at least, very similar” with regard
to such issues as population, environment, sampling,
measurement and analysis. The value of close repli-
cation then lies in obtaining the “same results despite
the differences”, and if this does not occur, then this
implies that there is a variable factor that does matter.
Hence the authors suggest that a close replication
should normally precede any differentiated ones, but
if this produces the ‘same’ results, there is little need
for further close replications.
Differentiated replication involves introducing a de-
liberate (or at least, known) variation in some relatively
major aspects of the study. The purpose of doing this
is to explore the boundaries of the conditions within
which a specific set of outcomes hold true. In particular
experimenters should aim to vary:

• those conditions or factors that might affect
the hypothesis being tested

• confounding factors likely to be relevant
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Table 1. How replication can be used to address threats to validity

Threat to validity How addressed in the physical sciences How it should be addressed in SE
Construct validity: The study
as designed may not lead to
outcomes that answer the re-
search question.

A replicated study will normally occur in a
different laboratory, using apparatus designed
and built by a different team of experi-
menters.

Any replication (and especially ‘close’ forms)
should be organised by a separate group of re-
searchers working at a different site to the original
study, using different materials and subject popu-
lation, and so requiring an independently-written
experimental protocol.

Internal validity: Relates to
the way that a study is con-
ducted and whether there are
unknown factors that may in-
fluence the results.

This is less of an issue for the physical
sciences but it might include flaws in the con-
struction of experimental apparatus, leading
to erroneous readings.

For close replication a study should be conducted
by a team of researchers that is distinct from the
original team, using participants who have similar
profiles to those who took part in the original
experiment.

External validity: Determines
the ‘scope’ of the outcomes,
how widely they might apply.

The greater control of an experiment avail-
able in science usually makes it possible to
conduct separate series with different materi-
als.

This is really something that is ensured through
the use of differentiated replications, where larger
variations in conditions can be investigated.

Conclusion validity: Applies
to the analysis performed in
order to derive an answer to
the research question.

Can be achieved by a team conducting their
own analysis, and where appropriate, writing
their own software for this.

The situation is similar to the general scientific po-
sition, in that each team should conduct a separate
analysis.

Lindsay and Ehrenberg also observed that a single
study may involve some “internal” differentiation (eg
treating morning observations differently from after-
noon ones), and indeed, that this really should be
seen as essential. However, they also emphasise the
importance of differentiated replications, and observe
that, as a topic becomes better understood, it is mainly
differentiated studies that are needed.

We originally planned to develop a distributed op-
erational model that would allow us to run a set of par-
allel studies that could be considered as replications,
and that could include both close and differentiated
forms. However, as our ideas developed, our model
evolved into one for conducting a single larger-scale
distributed study. Indeed, our concern about replication
was the risk that a set of small low-power experiments,
that were not sufficiently independent to be synthe-
sised, would do little to advance software engineering
knowledge. In Table 1 we explain our ideas about what
constitutes replication in software engineering, in terms
of how these forms are used to address the widely-
used categories of threats to validity. We compare our
interpretations to those commonly employed in the
‘physical sciences’ (which of course, do not normally
involve human participation, other than as observers).

As we demonstrate in Section 4, our model does
not conform to this model of replication in some
key particulars: we have used one experimental pro-
tocol; one study population; and one allocation pro-
cess for assigning materials to participants. We there-
fore consider that it forms a single distributed quasi-
experiment, rather than a set of replicated studies.
(This form of distributed study is also used for much

the same purpose with randomised controlled trials in
clinical medicine and related disciplines, where it is
usually referred to as a “multi-site trial”.)

Related thinking can be found when looking at the
concept of families of studies. This term was originally
coined in a paper by Basili et al. [19]. The idea is to
employ “a framework that makes explicit the different
models used in the family of experiments”. Therefore
their aim in developing their framework is to enable
better use of replication, as a step towards building
a body of software engineering knowledge. While this
offers a potentially useful concept, it does not explicitly
specify a procedural approach for addressing it (in
contrast to [9]).

It is also worth noting that even when a study is
analysed and presented as a single item, it may in fact
represent a ‘family’ in this sense. An example of this is
the study reported in [20], which reports on a family
of experiments undertaken at a number of sites, but
presents the outcomes as a single entity, rather as we
have done with the study reported here.

3. Structured Abstracts

This section reports on the previous studies of the
use of structured abstracts that have influenced the
design of this study. We might usefully also note that
all of the studies discussed in this section, did find ev-
idence that, for papers reporting empirical studies, the
use of structured abstracts produced an improvement in
both completeness and clarity (where measured) when
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compared with the use of a conventional format for the
abstract.

The first study, undertaken using software engi-
neering material [14], was a randomised controlled
experiment using a set of 25 abstracts from the set of
103 experimental studies identified in [1]. The research
team rewrote each of these into a structured format,
checking this with the original authors where possible,
and then used the resultant pairs in a cross-over study
in which each participant acted as a ‘judge’, assessing
two abstracts (one in each format) for completeness
and clarity. The 64 participants were a mix of aca-
demics, practitioners and students.

The second study took the form of a quasi-
experiment [15]. Reports for the computing projects
undertaken by students in their final year at Durham
University adopted a structured form from 2007/08
onwards. The study used a set of 10 abstracts taken
from each cohort in the two years before this change,
and 10 abstracts from each cohort in the two years
following the change. (It was therefore the ‘cohort’
nature of the experimental material that made this a
quasi-experiment.) The judges were 20 students, and
again, each assessed two abstracts, one in each format.

After each of these studies, the first author (Bud-
gen) wrote to the editors of leading software engineer-
ing journals, as well as the chairs of major conferences,
recommending that they adopt this format for abstracts.
Along with a number of conferences and workshops,
the journal Information & Software Technology did
adopt this format, and since the middle of 2010,
abstracts for this journal have used a structured format.

The third study that influenced our design was a
field experiment conducted by Sharma and Harrison
[16]. They looked at a selection of 100 abstracts from
each of three orthodontics journals that had adopted
a structured format, (150 from before the change,
and 150 from afterwards), and compared them with
an equal sized selection from three other journals
that had retained a conventional format. What they
found was that while the structured abstracts had better
completeness than the conventional ones (they didn’t
look at clarity), the extent of the improvement was less
than that usually found under ‘laboratory’ conditions
(such as where experimenters rewrote conventional
abstracts into a structured format).

4. Experimental Design

The original model for the study was to perform
a set of replicated studies, with one organisation
(Durham University) devising the experimental proto-
col, producing the experimental materials, and coor-
dinating analysis. Although this involved consultation,
it was essentially a centralised model. However, there
was also no sense of having an ‘original’ study plus
‘replications’, simply a set of parallel studies. These
were planned to take place at three university sites:
Durham (UK), Lincoln (NZ) and Prince of Songkla
(PSU, Thailand) to provide variation across key ele-
ments such as sites, experimenters and populations.

However, in thinking about the analysis (and the
‘closeness’ of all the studies in terms of replica-
tion), we decided to revise our design and investigate
whether our model could provide the means of con-
ducting larger-scale studies using small groupings of
specialist resources that were widely distributed. We
therefore included two further sites (Hong Kong and
Keele) in order to be able to achieve greater statistical
power for the outcomes.

4.1. Form of the study

This study formed a quasi-experiment because we
selected abstracts from particular volumes of the jour-
nals Information & Software Technology (IST) and
Journal of Systems & Software (JSS), and for IST
the first block used conventional abstracts while the
second used structured abstracts. All JSS abstracts
were conventional.

The categories of quasi-experiment identified by
Shadish et al. [2] relate to repeated measures using the
same participants before and after a change, whereas
for us it is the change in experimental material that is
of interest. We suggest that this form can be classified
as “a one-group pretest-posttest design with a non-
equivalent control group”. Here the change relates
to the transition to use of structured abstracts over
the period 2009-2011, and the non-equivalent control
group consists of the two blocks of abstracts from JSS
for that same period.

We identified three independent variables:

1) the source of the abstracts (JSS ; IST)
2) the time of publication (Block1 ; Block2) For

both journals, these blocks consisted of the is-
sues for a period of roughly eighteen months.
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For JSS, the boundary between blocks was
based upon issue number (mid-2010). For
IST, where the transition from conventional to
structured abstracts was gradual, the bound-
ary was across all issues from 2010, dividing
them by format of abstract.

3) the location of the study/participants (UK ;
NZ ; Thailand; Hong Kong)

The dependent variables for the study were mea-
sures of completeness and clarity, assessed using a
similar set of questions to those used in [14] and [15].

Other variables that we sought to control, as having
potentially confounding effects, were the experience
of the participants and the time taken to complete the
study. For the first, we tried to recruit participants who
were at approximately the same level of knowledge and
experience, for the second, we recorded the time taken.

For the ‘judges’ of abstract quality we planned to
use undergraduate students studying ‘computing’ in
some form, and who would be at approximately the
same level of technical educational attainment and who
were either native English speakers or accustomed to
working in English for technical purposes. Our design
used 16 participants at each site (total 80).

4.2. Organisation

The population of abstracts used for the study
was the abstracts for empirical papers published in
IST and JSS during the years 2009, 2010 and 2011.
The relevant volumes and issues were checked by the
first author (Budgen), who excluded any papers not
considered to be empirical (a category that can include
observational papers that report on forms such as
concept implementation [21]), based on an inspection
of the paper’s on-line ‘preview’ (abstract plus section
headings). Each of these was then indexed by source,
block, and an index variable used for random selection.

Participants were asked to view a series of four
abstracts, one selected from each journal/year com-
bination, using a data collection form derived from
the one that was used in [15]. We also asked them
to provide basic demographic details on another form.
After completing an ethical consent form, each partic-
ipant was to complete the demographics form before
starting, and then complete a data collection form for
each abstract in turn, and hand it to the experimenter
before viewing the next abstract.

In addition to the two data collection forms, we
also provided two sets of instructions. The document
titled Replicated Study: Instructions for Experimenters
provided directions for conducting the study at a given
site. The Instructions for Judges provided information
for the participants, and was provided to them at the
start of the study. The participants at PSU were ad-
ditionally provided with translations of the instruction
and data collection questions.

Each participant viewed four abstracts. For
this purpose, we divided the participants into
groups of four who all saw the same set of
four abstracts, but in a different order, using
the counter-balanced Latin Square shown below.

JSS-block1 JSS-block2 IST-block2 IST-block1
JSS-block2 IST-block1 JSS-block1 IST-block2
IST-block1 IST-block2 JSS-block2 JSS-block1
IST-block2 JSS-block1 IST-block1 JSS-block2

The aim of this was to ensure that each abstract
was viewed four times, once in each position in the
sequence and that it also preceded (and was preceded
by) each of the others.

We devised a debriefing questionnaire to be com-
pleted at the end of the study by anyone who had been
involved in conducting part of the experiment at each
site. This allowed us to evaluate our design as well
as the organisation of the study, and the resulting data
provided the material for the ‘lessons learned’ element
of this paper.

5. Conduct of the study

Since all of the collaborating researchers were
known to one or both of the two lead authors (Budgen
and Kitchenham), we chose to conduct the study
almost entirely through the use of e-mail. This was
used for development of the protocol, circulation of
the experimental materials, and collection of results.

The protocol went through three revision cycles
between February 2012 (version 1.0) and May 2012
(version 1.3). In all, 546 abstracts were identified
as meeting our criteria, divided as shown in Table
2. Abstracts were selected using a random number
generator, taking into account the size of the block.

The data collection form for each abstract and the
abstract itself were organised as a pdf document con-
sisting of two side-by-side A5 images, so that a judge
could view both simultaneously and so there could be
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Table 3. Divergences that occurred when conducting the study

Site How study was organised Divergences identified Cause of the divergences

Durham Envelopes prepared by one experi-
menter, and used by another who super-
vised the judging session.

In two cases, judges viewed a pair of
abstracts in the wrong order.

Human error in preparing the envelopes.

Hong Kong The experimenter prepared the materials
and also supervised the study.

For the first block, the third and fourth
abstracts were viewed in reverse order.
(Because this block was re-run for other
reasons, this was then corrected.)

Human error in preparing the envelopes.

Lincoln (NZ) One experimenter prepared the materi-
als, the second one conducted the judg-
ing sessions.

Abstracts were ordered wrongly, using an
unbalanced Latin Square.

The local document repository had not
been updated to the latest version of the
protocol and the instructions in the e-mail
were overlooked.

PSU (Thailand) One experimenter prepared the material.
In a single session, he and three assis-
tants each managed four judges.

All judges saw the abstracts in the same
order.

When making up the material, the earlier
e-mail containing the ordering directions
and example was accidentally overlooked.

Keele (UK) Both experimenters prepared the mate-
rials and data was collected by a junior
experimenter.

Some judges returned incomplete forms. Conflict in the instructions to experi-
menters.

Table 2. Available abstracts per ‘block’

Journal Block 1 Block 2 Total Total
included excluded

JSS 132 173 305 277
IST 110 131 241 80

Total 242 304 546 357

no confusion about which data form belonged with
which abstract. For the structured abstracts (IST, Block
2) headings were removed, and in a small number of
cases, leading words related to these were also edited
from the abstract, so that they were presented to the
judge as if they were a conventional abstract.

Following the final revision of the protocol, we
conducted the first ‘run’ at Durham University in June
2012. In order to provide an element of ‘dry run’ for
this, most of the supervision of the sessions with the
judge were conducted by an independent researcher
who had not been involved in any preparation of
materials. Material for these sessions was assembled
by the first author (Budgen). The procedure used was
to place all of the material for an individual judge
in a labelled envelope (ethical consent form; judge
instructions; demographic data form; and four abstracts
with data forms, numbered 1–4 to indicate viewing
order). The person supervising the session would then
take the material from the envelope in order, returning
as appropriate and noting any issues (including time
taken) on the outside of the envelope.

The only significant modification that occurred
during the first run was the need to provide some
larger-sized data collection forms (A3) for use by one
judge who had a vision problem. The process was
therefore felt to be suitable for use within the team

and so was recommended to the other sites.

The data collection forms were generated sepa-
rately for each site (four abstracts from each block
were used at each site, and no abstracts were used
at more than one site). These forms were mailed
to each site, along with the demographic forms, the
instructions for experimenters and the instructions for
judges. The e-mail also included instructions on how
to use the Latin Square to make up the set for each
judge, along with an example tailored to the site (the
abstract ordering for Judges 9-12).

Over the summer, the data from Durham was
coded, and in October a copy of the resulting spread-
sheet was sent to three of the sites (HK, PSU and Lin-
coln). The remaining site (Keele) received its spread-
sheet later, and this was pre-populated with the codes
for the allocated set of abstracts, entered in the order
of viewing for each judge.

Because of other commitments and such factors as
very different term dates, the final data collection was
only completed in January 2013. All sites were asked
to return scanned forms to Durham where these were
used for data entry or for checking data entry where
this was performed locally.

While these procedures were generally effective,
some divergences did occur, primarily with organising
the sequencing of the abstracts for each judge. These
are described in Table 3 where we also explain how
each site organised the study and how the divergences
arose. None were considered to have any significant
affect upon the final analysis (see [17]).

In the cases of human error, the obvious remedy
would be to have a better checking system. However,
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going beyond that, we can identify three immediate
design errors from Table 3.
Error 1: All of the operational instructions about
preparing the materials, including details of the Latin
Square, should have been provided in a separate formal
document in the same manner as the instructions
for experimenters and judges. In addition, documents
should have been made available in a shared repository
to ensure that versioning problems didn’t occur.
Error 2: A data collection spreadsheet should have
been prepared in advance for each site, providing a
means to check the ordering in which abstracts should
be viewed by each judge. (This was done for Keele,
and proved to be very useful.)
Error 3: Instructions for the experimenters should
have recognised the possibility of exceptions and iden-
tified priorities in handling these. (In the case of
Keele, when the experimenter recognised that data was
missing, lacking guidance as to how to handle this,
he decided to give precedence to the instruction that
judges should not be allowed to return to a data entry
form once returned.)

The statistical analysis was conducted by one of
the two lead authors (Kitchenham) and also revealed
some detailed design issues with the data recording
process. These were essentially a conflict between the
preference for recording the data in forms that could
easily be related to the original abstract and block,
or the answers to specific questions, and the need for
numeric codes that could be used in statistical analysis
programs. As a result, the data collected did require
quite extensive recoding and associated checking.

6. Evaluation

At the conclusion of the study, a short questionnaire
was circulated to all sites, with the request that every-
one who had helped in any way with the study should
complete one. This consisted of 23 questions with
the first four being to establish the experience of the
respondent; the next four asking about any involvement
in the design for the study; 10 questions asking about
execution of the study (including about the materials
provided); and 5 general questions about the study as
a whole. The last two groups particularly asked how
aspects of the study could be improved. Nine forms
were received, one from everyone involved with the
exception of one person who was recovering from an
accident. The rest of this section is organised around
each of these groups of questions.

Researcher backgrounds. These were mainly aca-
demic and almost all had prior experience of conduct-
ing empirical studies.

Experimental Protocol. There were very few com-
ments about this, most had read it, and the section
on study design was generally considered to be the
most useful, although one person did note that the
section addressing the research question was helpful
in understanding the design.

Execution of the study. Table 4 shows how the
Instructions for Experimenters and Instructions for
Judges were rated by the team. It was noted that

Table 4. Ratings for the Instructions

Instructions not very reasonably quite extremely
for clear

Experimenters 0 1 4 4
Judges 0 0 3 5

the question asking for a participant’s age caused
some confusion (some put down date of birth), and
that this could have been simplified by simply giving
a set of age ranges and asking them to tick one.
Also, some participants were unsure as to whether to
indicate gender in entering their names (’Mr’, ’Miss’
etc.). One site was conducting the study mid-year, so
asking students for their experience in whole years had
caused some problems with entering a choice. When
asked how many technical abstracts they had read,
some candidates were unclear as to what constituted
a ‘technical’ paper. Two sites noted that the part of
the instructions for judges that told them what they
were to do might have been better expressed as a list
of actions that they were to perform, rather than as
a paragraph. One site also noted that the instructions
for the experimenters might usefully have included an
explicit list.

The overall experience. Several sites noted that two
ideas that proved particularly useful were to put the
forms in an envelope for each judge and to have no
more than four judges at a time in order to make
the process manageable. An additional suggestion was
to have a printed checklist to attach to the envelopes
(most sites had written one on each envelope). One
site questioned the use of a ten-point scale for clarity
as students seemed to find it hard to calibrate this, and
suggested that a set of terms might have helped (‘eas-
ily understood’, ‘some parts unclear’ etc.). A further
suggestion was for each site to have performed a small
‘dry run’ so that the experimenters could practise the
procedures.
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In summary, there were few issues related to the
design of the study (the main one was perhaps the
point about the clarity scale, which had been adopted
for consistency with previous studies). However, there
were clearly a number of operational aspects that
could have been improved. One site also identified a
minor problem that occurred when a participant asked
whether the study was about structured abstracts?
(Experimenters were asked to avoid identifying the
topic, but the instructions did not anticipate this one!)

7. Discussion

We begin by examining the threats to validity
related to this analysis of the way that we designed and
conducted our study (but not for the study itself, which
is reported elsewhere). After that, we consider some of
the lessons learned from this, in terms of the design,
conduct and analysis of a distributed study of this
form—and conclude by considering how successfully
this approach can achieve the aim of obtaining better
power by aggregating limited local resources.

7.1. Threats to Validity

In terms of construct validity, the main question
is whether our post-study questionnaire provided an
adequate assessment of all aspects of the way that this
study was organised? The questionnaire was devised
and checked by the two lead authors (Budgen and
Kitchenham), who have prior experience of such exer-
cises, and it was also being used with an experienced
group of researchers, who would be likely to identify
any significant weaknesses. The other major contribu-
tion to this analysis was the log of e-mail messages
relating to the study, and we have nothing to suggest
that anything was missing from this.

We would suggest that the experience of the group
meant that there were no significant threats to internal
validity, other than perhaps, that our group might
have been unrepresentative in some way. One other
relevant aspect is that the lead authors had experience
of conducting previous studies on this topic.

The issue of the experienced nature of the group
might also affect external validity, but a more sig-
nificant factor for this is likely to be the topic of
the study itself. The use of structured abstracts is
related to research methodology, rather than software
engineering practice, and so we cannot be sure that

our experiences, and related lessons (below) would
necessary apply if the topic of the study were related
to software development practices (say). In particular,
we should note that this study did not require the
participants to undergo any specific training, which
is rarely the case for studies of software engineering
practices (and as was needed for [20]). Another factor
might be the use of student judges, although for
this topic there is little to indicate that they are not
representative of the software engineering community.

Overall, with some caveats, we consider that our
study provides a reasonably sound investigation into
our model for conducting a distributed experiment.
However, we need to consider carefully how it might
be extended to address more software development-
related topics that need participant training.

7.2. Lessons Learned

Here we examine some of the lessons that we can
identify from the material of the preceding sections.
For each lesson, we indicate the underpinning factors.

Lesson 1: Communication in the research team
needs shared resources and conversations as well
as e-mails. Our one-protocol-many-instances model
is strongly centralised, and the team was distributed
across a wide range of time zones, hence we conducted
almost all communication by e-mail. Some of the
issues that arose, such as using the wrong version of
the protocol, clearly stemmed from this. While many
of these would clearly have been avoided by using
a shared repository of documents, some issues would
also have been clearer had there at least been some
dialogue to ensure appropriate emphasis was placed
upon such issues as the ordering of abstracts. (In [22]
the teams made extensive use of interaction to manage
a set of close replications, and these seem to have
identified some similar issues to those we experienced.)

Lesson 2: Documentation needs to highlight actions
very clearly. The evaluation identified places where
lists had been useful, and some points in the documents
that would have been clearer had we used lists to indi-
cate the sequence of actions that need to be undertaken
by both experimenter and judges.

Lesson 3: A centralised model needs to have
comprehensive and complete documentation. We
can identify several places where information was
conveyed in e-mails rather than in separate documents
(the Latin Square model is an obvious one, but issues
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such as using envelopes to manage the documents for
the judges can also be identified under this category).
The instructions also failed to include guidance about
how to handle exceptions—while fortunately this was
not commonplace in this instance, a distributed model
does really require that these be handled consistently
at the different sites. There were also issues related to
the analysis which needed better planning to ensure
that the material was encoded appropriately.

Lesson 4: Material for use by participants needs to
be clear and unambiguous. This mainly stems from
problems with the demographical questions we asked,
and our failure to test these adequately with non-native
speakers of English. The question about age could
have been better organised, and the question about
previous experience with reading technical abstracts
probably needed a brief explanation of what we meant
(reading the abstract to determine whether the article
was relevant or worth reading).

Lesson 5: Each site should perform a local ‘dry
run’. This was undertaken at Keele and (indirectly) in
Hong Kong, clearly giving the experimenters greater
confidence in the procedures.

Overall, these all really point to a specific weakness
in our experimental protocol. This was written in much
the same way that we would write a protocol for a
study being conducted at a single site, and although
there was some recognition that additional information
would be needed by each site, the issue of communica-
tion was not really planned in a systematic manner, by
considering the overall experimental process. So this
leads to our final lesson.

Lesson 6: The protocol for a distributed experiment
needs to plan communication as a distinct element
of the protocol, not simply as a by-product.

8. Conclusions

One to improve our knowledge about software
engineering practices is by improving the quality and
power of our empirical studies. We have demonstrated
that conducting a distributed experiment offers a prac-
tical way of addressing this, aggregating the contri-
butions of relatively small number of participants to
produce a more significant result, as is shown by the
outcomes from the study that we have analysed in this
paper. If we had only the 16 abstracts from one site, we
would not have been able to achieve a power greater
than 0.5 (below the desired value of 0.8), assuming

a large effect size and an α value of 0.1. However,
for our study, the effect size for completeness can be
regarded as being large, and we achieved a power in
excess of 0.9 with α = 0.05.

We can therefore conclude that the answer to
our research question regarding the feasibility of this
approach is a conditional ‘yes’ (in that the topic of
the study was methodological and that no participant
training was required).

The six lessons identified in the preceding section
may be helpful to anyone considering using this model,
and there are some other benefits that we can identify
for this approach. In particular:
Flexibility. We were able to extend the number of
judges and the associated set of abstracts very easily,
making our study less likely to be biased by results
specific to particular choice of abstracts or judges.
Representativeness. The academic (and developer)
communities are international, and this approach meant
that our participants did represent an international com-
munity, giving better external validity to the outcomes.
Power. The need for larger power than was available
at individual sites is clear, because if the results were
analysed separately for each site, only two of the five
data sets would have found a statistically significant
effect for completeness.
Training. This form of study can be used to help
with developing the skills of junior researchers, who
can gain first-hand experience with how to conduct an
empirical study.
Widening the Community. Academics in small de-
partments often have limited opportunity to pursue
research, and lack the resources to design and run an
empirical study. Collaboration therefore helps to moti-
vate research, facilitates delivery of research-led teach-
ing, and enables knowledge transfer. It also widens the
empirical research community and increases its impact.

For future work, there is clearly the need to consol-
idate the lessons learned with regard to the organisation
of such a study. Other issues to investigate include
how the model needs to be adapted to studies where
some element of training may be required, as well as
including the use of practitioners as participants.
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