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Abstract every practitioner due to differences in system
domains, subject profiles and cultural environments

Experimental replications are very important to the [18]. Replications must be conducted to ensure more
advancement of empirical software engineering. fobust evidence sets that can support generally
Replications are one of the key mechanisms torconfi applicable conclusions [5]. These replications ban
previous experimental findings. They are also used conducted by the same research group (i.e. internal
transfer experimental knowledge, to train peopleda replications) or by different researchers, in dife
to expand a base of experimental evidence.contexts (i.e. external replications).

Unfor‘tu|"|ate|y7 experimenta| rep"cations are diffic External replications can be classified accordmg t
endeavors. It is not easy to transfer experimental Whether they were run independent of or coordinated
know-how and experimental findings. Based on our With, the original experimenters. Each produces
experience, this paper discusses this problem anddifferent kinds of knowledge. In this paper we agu
proposes a Framework for |mpr0ving the Rep”cation that coordinated external replications facilitatee t

of Experiments (FIRE). The FIRE addresses knowledgebuilding of knowledge, the evolution of experiménta
sharing issues both at the intra-group (internal artifacts, and the analysis of results across the
rep"cations) and inter-group (externa| rep”catig)’] replicated studies in a way that independent edtern
levels. It encourages coordination of replicatioims replications do not. Coordinated research helpsrens
order to facilitate knowledge transfer for lowersto ~ the compatibility of a set of controlled experineefd
higher quality replications and more generalizable allow for the production and integration of a sfgrint

results. body of results.
The problem of conducting effective, coordinated
1. Introduction replications has been addressed by the ReaderrscProj

- a collaborative research effort, sponsored by the
Brazilian (CNPq) and American (NSF) national
research foundations. The Readers Project usethgead
techniques (techniques used for defect detectioimgiu
software document reviews) to experimentally depgelo
validate, and package an infrastructure to support

Empirical research is fundamental to the evolution
of software engineering as a discipline, but acogrd
to Kitchenham et al. the current state of empirical
research in software engineering (i.e. case studies
surveys, and formal experiments) is less than ideal . . . :
[22]. Surveys of the software engineering literatur effective replications [24]. This focus on revieasd

show that the majority of the papers contain litteno theh u_nderlying a_nalysis tecrgniques (ie. the re}g{adin
empirical validation [27,28,30,31]. This lack of techniques) is important because most software

empirical work is more disturbing considering titas artifggts require continual undergtanding, revieund
difficult to build a usable body of knowledge from mod|f|cat|<_)n. A Iarg<_a body of studles_has de’T‘O"'S“‘%
individual studies. The results of an isolated Fha.t 'readlng 'technlque.s are eﬁectlve for improving
experiment are not likely to be directly applicatbe individual review practices in different domainsdan



types of inspection, e.g. natural language requeérésn  increase the external validity of the whole set of

[3], requirements in formal notation [20], high-8v  studies.

designs [14], code [13,15], and user interface} [32 Since portions of the artifacts, experimental desig

and protocols are tested during each replicatiba, t

Based on our experience in the Readers Project thissxperiment is improved over time. It is therefore

paper discusses the problem of experimentalimperative to run multiple, replicated studies witvo

replications and proposes a framework for improving goals:

the replication of SE experiments (FIRE) The FIRE 1. Gathering additional data to increase

addresses knowledge sharing issues both at thee intr confidence in the original results (i.e., show ttiz

group (internal replications) and inter-group (emée original result holds across multiple environmeaisl

replications) levels. It encourages coordination of subjects)

replications in order to facilitate knowledge trimdor 2. Addressing deeper research questions, for
lower cost, higher quality replications and more example by controlling for different factors or mgi
generalizable results. different metrics.

Within this context, there are two types of

2. Experimental Replications in Software replications, internal and external. An internal
Engineering replication is conducted _b)_/ the same_set of reb(_am;c
who conducted the original experiment, while an

external replication is conducted by different

researchers. Brooks et al. provide an excellent

It should focus on consolidating a body of knowledg disc_ussion abou'_[ replic:_;\tions in a software enginge
about the costs and benefits of techniques thdt wil enV|'ron'ment, h|ghl!ght|ng the ne.ed “for e>'<terna|
enhance the understanding of software development{epl'cat'ons to provide a strong scientific fouridat
processes, and establish novel software developme 8]'| b hieved b .
models. Drawing conclusions from single studies in mportant progress can be achieve y using

software engineering is inherently dangerous becraus guidelint_es ar_1d packages to support replications, as
sample sizes are often small relative to medical orShOWn in prior research [7,16,29]. Although these

social science studies and there are a large nuofber eff'orts. made significant contributions.t(.) estabifigh
possible intervening factors in  human  subjects guidelines for replications, none explicitly addred

experiments, some controllable, some completely methods of sharing knowledge_to allow for coopergtl .
uncontrollable. between research groups. This type of cooperation i

Miller states that the use of replications is the necessary to ease the building of knoyvledge, emniyt
standard approach to understand and eliminateOf experimental artifacts, and drawing conclusions

: . : Il studies.
intervening factors by changing some of these facto across a . i -
to see if the original result is stable [19]. Aisesrof Basili et al. provided one of the first guideliries

replicated experiments with small to medium sample fexper_|mental stoI)t\Il_vahr_e englnﬁermg _drel_pllcathrnhs,
sizes help safeguard against: ocusing on establishing reporting guidelines. e

. Low statistical power guidelines categorize the experimental process into

. Unknown interactions of other variables with Tour step_s: D7ef|r|1|t|on; dPL?nmSg,hOIperatlons,d an
the treatment variable nterpretation [7]. Lott and Rombach also expande

. Flaws in the design, process and artifacts of this fqur-phase structure by providing gregteridjamd
the study direction [16]. Kitchenham et al. provide a more

The term replication is central to this work, doisi ggr_]eral and_abstract set_ o_f guidel_ines to encourage
important to discuss its varied definitions. In critical assessment of existing studies. They caver

experimental software engineering, which uses humanbroader §pectrum (.Jf software engineering ;tudlemf
subjects, exact replications are not feasible H@ince, observational studies to controlled experiments].[12

it is more correct to describe replication attemgsgs W(_)h"r_' et al. and Juristq and Moreno p_rovide intilep
partial replications [19]. Therefore, a “good” gmdelmes for performing and reportmg cor?trol'led
replication can be defined in two ways: experiments [10,29]. Brooks et al., provide guidedi

1. The experimenter minimizes the variation '©© Improve —experimental ‘recipes’, the use of
between the replication and the original alternative data analysis techniques, and packaging

2.  The experimenter consciously changes a smalSXPeriments for replication [8].
number of factors to either improve the study or

Empirical software engineering research should be
broader than simply conducting single, isolatedlistt



Although guidelines such as these are an essential

component in promoting good practices, they are not 1994 | 1995 | 1996 | 1997 2000 2001
sufficient for ensuring reproducibility [19]. Some Rept
experimenters provide ‘replication packages’ oib‘la Original |  Repl Rep2|  Rep3 Reps
packages’ to increase reproducibility of their w4k

11] and the construction of families of experime[ﬁt]s Internal Replications \/\ External Replications \f
These packages include the experimental design and American Studies Brazilian Studies
artifacts (forms, documents, and code) necessamynto

an experiment. Figure 1. Studies used to illustrate the FIRE

The problem with most lab packages is that much
information that needs to be made explicit remains The remainder of this section discusses the
tacit. Even when both the original experimenterd an replications of this study. The first studies ocedrin
the replicators are experienced experimentalisexet  the American research group, where three studies we
are still many potential sources of variation and executed (the original study and two intra-group
implicit assumptions made about the experimental replications). Next, the Brazilian research group
context. Acquiring the necessary information abmut  executed three external replications. As the rapbtas
experiment to guard against unintended sources ofare discussed, any evolution of the study (e.g.
variation between replications is quite difficulile in experimental design, subjects, or types of ana)yises
part to the tacit knowledge problem. Tacit knowledg highlighted. In addition, specific results are dissed
is important information that is known only by the that illustrate the growth knowledge through the
experimenter and is difficult to make explicit (ths, replication. Throughout the rest of the paper taeiss
written down), for a variety of reasons [24,26]. are numbered in the order in which they occurred
(Original, followed by Repl-Rep5). The location of
3. The Perspective Based Reading each study is indicated with “US” for American sesl
Experiments and “BR” for Brazilian studies. Figure 3 presents a
overview of the studies discussed in this paper.

In this section, we illustrate our experience wath i
family of replicated studies that compare the usa o 3-1. TheInternal Studies
particular inspection technique, Perspective-Based ] o )
Reading (PBR) to a more standard approach. Inspired by the successful _apphcatlon of code iread

Typical techniques used by participants to find for.soft\'/vare defect detectlon'[Z], r'ese.archersrfm t
defects during an inspection include ad-hoc defect University of Maryland began investigating techréqu
detection (where the detection process is unspekcifi Or defect detection in requirements documentsthist
and driven largely by the interests and experiesice PCINt no existing experiments or lab packages were
the inspector) and checklist based reading (in Wwhic avallable., o] knowledg.e was fabstracted from a wevie
each inspector focuses on a list of the qualitgatspor of the literature on inspections gnd other_ rfelated
defect types). PBR, in contrast, provides a more studies. Although plannlng the qngmal experiment
procedural approach. A PBR inspector is assumes thd'0t the same as planning a replication, no experime
perspective of one of the stakeholders of the Starts completely from sc_ratch — there is alwaydieix
requirements document and creates an abstraction oknowledge from general literature and other sources
the requirements relevant to that stakeholder. riguri .
the abstraction process, the inspector consideet af ~ 3-1.1. The original study. The study goal was to
questions, based on the important defect typeseli compare the effectiveness (numbe_r of defects fmamd
them locate defects. The set of perspectives used w Subject) of PBR to the effectiveness of another
a software designer (D), a tester (T), and an esed-u approach termed t_he comparison technique. In this
(U). Each perspective helps the inspector enstae th €ase, the comparison technique was the standard
the requirements document contains the appropriatenspection method used by NASA software developers,
information for the stakeholder to do his or hdy.jsor ~ a@n informal approach. _
example, the Tester perspective helps the inspéstor 1he experimental design is shown in Table 1.

uncover defects that would make the final product Eighteen subjects were obtained through publisiing
difficult to test [23]. call for volunteers at NASA’'s Goddard Space Flight

Center. (Volunteers were offered free training fe t
inspection techniques as part of their participatio



Table 1. Experimental d esign

Group 1 — 9 Subjects Group 2 — 9 Subjects
. Training (ABC video) Training (ABC video)
'g;g NASA A NASA B Usual
y ATM PG Technique
Designer Tester User Designer Tester User
3 Subjects | 3Subjects | 3 Subjects | 3Subjects | 3 Subjects | 3 Subjects
Second Training on PBR technique PBR
Day Training (ABC video) Training (ABC video) Technique
PG ATM
NASA B NASA A

the study.) On the first day, subjects performed an
inspection using the NASA approach. On the second
day, each subject was trained on one of the thBfe P
perspectives (6 subjects per perspective) and the
performed an inspection using that perspective.

Four requirements documents were used in this
experiment, two from generic domains: an Automated
Teller Machine (ATM) and a Parking Garage (PG);
and two from a NASA-specific domain: NASA A and
NASA B. The subjects used one generic and one
NASA document during inspection 1 and switched
documents for inspection 2. To prevent the ordehef
documents from influencing the results, half of the
subjects used NASA-A and ATM first followed by
NASA-B and PG and the other half reversed the order
The study was designed so that the core of theystud
the generic documents, could be replicated in & non
NASA environment. Replicating the study without the
NASA documents was certainly a different designt, Bu
without requisite domain knowledge, non-NASA
inspectors would not be able to understand the NASA
specific documents. Therefore, in the replications
reported in this paper, we focus only on the generi
documents.

During theexecution of the study, two sets of metrics
were collected. First the subjects were given aesur
to collect their background knowledge and expegenc
The second set of metrics measure the defects foyind
subjects. The average effectiveness of inspectirg u

PBR was compared to the average effectiveness of

inspectors using the comparison technique (the
standard NASA method). Also, random groups of
either threead-hocsubjects or three PBR subjects (one

from each perspective) were created and the average
effectiveness of these teams was compared. A short?)

post-study questionnaire was administered to dollec

n

qualitative feedback about usefulness and diffiesit
encountered in using the techniques.

Because this was the first studyalysis covered the
results from this study only and did not involve
integration of the new results into an existing body of
knowledge. A first attempt atpackaging the
experiment was made. At this point, the researchers
did not fully understand what information neededéo

in a laboratory package. This initial package diitel
more than document what had occurred. The
researchers had not yet realized the difficultiggh w
tacit knowledge, so little effort was spent in
externalization of tacit knowledge.

The results of this study showed promising
indications about the effectiveness of PBR: At bibin
individual and team level, inspectors using PBRi&zh

to detect 20% more defects than inspectors usiag th
comparison technique. However, due to the small
number of subjects the difference was only statidii
significant at the team level.

3.1.2. The first American replication (Rep_1). This
replication had the sameoal as the original
experiment. This study was used to gather moreidata
the hopes of being able to make a more definitive
statement about PBR’s relative effectiveness. Based
the experiences from the original experiment, some
modifications were made ihesigning the experiment

and adapting the artifacts:

1) Update of experimental artifactSmall changes
were made to the experimental artifacts (the
requirements documents) to remove some minor
sources of confusion that did not impact the
experimental goals.

Update of designThe experimental venue was
moved from NASA’'s Goddard Space Flight
Center to the University of Maryland, to avoid



work-related distractions that might affect the
results of the inspection.

3) Modifications to data analysidhe master list of

design of the experiment remained unchanged. The
artifacts and defect lists were again slightly upda
based on the results from the previous studies.

defects was refined to include defects that were
present in the documents in addition to those that
the experimenters had seeded. Moreover, the
description of some defects was clarified to aid in
the analysis phase. After these changes, the dat
from the Original Study were re-analyzed for
consistency.
Specific results. The results showed a statistically
significant improvement of about 30% at both the
individual and team level when using PBR. The Specific results. The results showed that only medium
subjects also provided qualitative data about their experience subjects benefited from using PBR. The
experiences with PBR. The most experienced experimental team hypothesized that the cause may b
developers, in particular, seemed to have difficult that very inexperienced subjects did not have emoug
giving up their usual practices to apply a new téghe background in the given perspective to apply it
under a time limit. The distribution of experience effectively, while highly experienced subjects had
among subjects in this study was not sufficientetst likely developed their own procedures and were more
this hypothesis, but it was flagged for additiostaidy. comfortable and more effective using them.

The analysis was conducted largely the same as in the
previous studies, except that a new independent
variable (subject experience in their PBR role) was
éested for correlation with effectiveness. Thisiakle
was measured on a three level ordinal scale (no
industrial experience, industrial experience on one
two projects, and industrial experience on morentha
two industrial projects).

Integrated results. Since the direction and magnitude
of the effects observed were consistent with thofse
the Original Study, the results of Rep_1 provided
additional confidence in the effectiveness of PBR.

Integrated results. Comparison of the results of
Rep_2 to those from the previous studies showea som
consistency. For example, the improvement by the
subjects with a small amount of industrial exper&n
was comparable to that seen in past studies, Igndin
additional support to the observation that PBRsisful

for this type of inspector.

A major contribution of Rep_1 was thab package.
Between the original study and this replicatione af

the original experimenters was replaced by a new
researcher. Realizing how much effort was requioed
understanding the Original Study, this researcher
developed the lab package to minimize this effothie
future. A complete description of the results oé th
Original Study and Rep_1 have been published in [3]

3.2. The External Studies

In the late nineties, supported by NSF and CNPq,
Brazilian and American researchers established a
collaborative research effort to studies efforttwafe
3.1.3. The second American replication (Rep_2). defect (Eletectipn techniqges. The effort was narhed t
The second replication was the basis for a Ph.D.R€ader's Project. The first step of the project was
dissertation [22]. Itgoal was to extend the results of plan ,SIUd'S and coordinate mmauyes. !t was

the original study, and investigate a new questin  €Stablished that the overall goal of this projeaswio
arose in Rep 1. Specifically, did the relative replicate experiments in dlﬁerent environmentgaim
effectiveness of the techniques vary for subjedth w a better und_erstand|ng of the|r_ variations. A major
different levels of experience? In order to addtbss focu; was to,'”"‘?s“gate cuIt.uraI issues that afiseng
new question and better understand the extentef th '€Plications in different environments. As parttbis
applicability of the results, the subject populativas coord|_nat|on, external rep_llca'gons of the_ PBR
changed. Rather than consisting entirely of NASA Experiment were conducted in S&o Paulo, Brazil.
software engineers, subjects were drawn from staden |n order to do that, the replicating researchehe (t
in a graduate-level software engineering coursth@t  Brazilians) needed tonder stand the experiment and
University of Maryland. Subjects thus ranged in |ab package. Obtaining the laboratory package and the
experience from industry professionals returning fo associated artifacts was a key issue for these
advanced degrees to researchers with no softwargeplications. Even though a lab package had been
development experience outside the classroom. Aproduced during the earlier studies, assembling a
second change was that instead of using the sthndarcomplete and consistent set of materials was rsy. ea
NASA approach as thecomparison methodthe  Between 1997 and 2000, the lab package had been
subjects used an ad hoc approach. The remaindlee of ysed by other external replications. It contained



artifacts that had evolved without proper version the data collection forms. First, the backgrouno/ey
control and configuration, making the identificatiof was augmented to characterize English experience
compatible and consistent artifacts complicated. because the subjects spoke Portuguese as theie nati
By interacting with original experimenters the language. Second, new que_stlons_ were added to the
post-study feedback questionnaire to gauge the

replicating researchers were gble to obtaumra§|stent subjects’ understanding of the PG and ATM domains
lab package, but later experience showed it was not

entirelvcompleterom the replicator’s viewnoint and their process conformance. In addition, a live
y P P P ’ feedback session was held at the conclusion of the

study, where researchers presented the subjettamwit
overview of the experimental results and the defect
found in the artifacts. The subjects were then dske
discuss whether they agreed with the defects ifigahti
by the researcher and describe how well they fabw
the process.

3.2.1. The Brazilian pilot study (Rep_3). The first
step for the Brazilian researchers was $et
experimental goals. The goals of Rep_3 were
foremost to replicate the Original Study plus exani
the effect of cultural differences. A change wasiento
the experimental design - the comparison inspection
technique was a&hecklistinstead ofad hoc or the The subjects were 18 volunteer undergraduate students
informal NASA methadAn ad-hoc inspection relies  (i.e. no course credit was given for participatinghe
heavily on the background knowledge of the study) from the Software Engineering course at USP.
inspectors; therefore comparing the useadfhoc by Subjects were randomly distributed among the
inexperienced subjects to PBR would unfairly benefi experimental groups ensuring that expertise in\soé
PBR. So, a standard industry practice, a checkliss, development and English reading ability were
used to provide a more fair comparison. In additmn  balanced.

those experimental goals, this pilot study hadgbal

of allowing the BR team to master the experimental
procedure. Specifically, the BR team wanted to ensu
experimental process conformity with the Original
Study, including the activities, timing, and artifs.
Additionally, a minor modification was made to the
original study design to collect a new metric: defect
occurrences, which measures the degree of overla
among defects found by different subjects.

| Specific results. The results from thelata analysis
show that for the ATM, the subjects using the PBR
technique found a higher percentage of the dethats

the subjects using Checklist, while the opposites wa
true for the PG. In attempting to understand why th
results differed for the two artifacts, efficiengyumber

of defects found/hour) and defect occurrences were
Rexamined. The subjects using PBR were more efficien
for both documents and found more defect occursence
As the original experimenters were not presenttlier for the ATM only. Regardless of which metric was
replications, this first study had to address eixpental used, there was little difference between the tiegtas
issues that were not explicit in the experimental for the PG.

package.Adaptation of artifacts for this pilot study
focused on the BR replicators capturing and
externalizing (i.e. documenting) the tacit knowledg
about the experimental procedures, their timing] an
their input and output artifacts. The six subjestre
selected from Ph.D. students working in the soféwar
engineering area, with 3 using the checklist andifg
PBR (1 per perspective).

Integrated results. The results of Rep_4 partially
supported the results of the American studies. PBR
performed better than the comparison techniquehen t
ATM document, a result consistent with previous PBR
experiments [3]. Conversely, it performed worsentha
the comparison technique on the PG document (for th
effectiveness and occurrences metrics), which misfl
both with the ATM results in this replication arlet
Because Rep_3 was a pilot study, we did not rehert PG results in previous studies. Individual effidgn
specific results comparing PBR to the checklisthRa using PBR was also better for both documents, laist w
the main result of the study was that the BR teaas w not measured in the original study.

now confident enough in their understanding of the

study to proceed with a full replication, Rep. 4. There are two potential explanations for the

inconsistency between the results from the Original
Study and these results for the PG document: 1) the
change of the comparison technique from the
NASA/ad-hodo checklist 2) the native language of the
subjects was different than the language of the
experimental materials.

3.2.2. The First Brazilian Replication (Rep_4). The
first complete external replication was conductetha
University of Sdo Paulo at S&o Carlos (USP). The
experimental goals andexperimental design were the
same as for Rep_3. Two small additions were made to



The last step in Rep_4 waseawolve the experimental Integrated results. Because the subject populations
package. One issue that arose during the data analysisand the experimental procedures for Rep_4 and Rep_5
process was the difficulty of determining whether were similar, the data from the two studies werelgd
reported defects were true defects or false pesitiv and reanalyzed. This analysis showed that the sishje
The BR team determined that a list of frequently using PBR were both more effective and efficient on
reported false positives should be part of the lab both ATM and PG (the ATM effectiveness and
package to ease analysis in future studies. Sed¢bad, efficiency were significant). These results are
list of true defects was modified to include neviedés consistent with the results from the American stadi
found during Rep_4. These modifications were made
through interaction with the original experimentéos
ensure a shared understanding.

Contrary to the subject feedback from Rep_4, who
suggested the experiment should not run on
consecutive days, subjects in Rep_5 stated that the
After Rep_4, a second BR replication, Rep_5, was would rather have the experiment run on consecutive
planned. Moving from the Rep_4 to Rep_5 was days. This discrepancy shows that subjects sometime
considerably simpler than moving from the origifedd give conflicting feedback.

packages to Rep_4 because the experiment wasalrea

understood and adapted by the BR team. dThe last step in Rep_5 wasewolve the experimental

package, based on Rep_5:
1) Update of experimental artifacts. The questions
on the post-study feedback questionnaire were
organized topically.
2) Modification to training. This study was spread
out over a one-week period. However, the subjects
stated they would prefer the study to run in
consecutive days. In the lab package, this issue
remains open for replicators to decide.
3) Modification to data analysis. The need for a
standard data spreadsheet format was identified to
minimize difficulties of integrating results with
those from previous studies.

3.2.3. The Second Brazilian Replication (Rep_5).
The second BR replication occurred at the Federal
University of S8o Carlos. To maintain uniformityp n
changes were made to tlegperimental goals from
Rep_4. While the goals of Rep_5 did not change, the
experimental design was slightly modified, based on
the feedback from Rep_4: the checklist training toed
checklist application were done on subsequent days,
week later the PBR training and PBR applicationener
done on subsequent days. The total training time in
each replication was the same; only it was spredd o
over a longer time period. These minor procedural
changes are a possible source of variation indbelts, .

: . . L EC: External cycle
but, in both studies, each technique was still iagpl — inter-group
within one day of its training. learning

standardize Create / I
ackages reate / evolve
P J knowledge

repositories

Another difference between Rep_4 and Rep_5 was the

subjects. Rep_5 used 18 undergraduate students from a /

Software Engineering course at the Federal Unityersi

of So Carlos with Slightly different motivationan G Imemalcycle  cest ouye pln and
o g y fferent motivation —intra—group store experience coordinate

those who participated in Rep_4. Only 1/3 of the Iearning(

share
knowledge

|n|t|at|ves
subjects in Rep_5 were volunteers, the other 242 we
given course credit for participation in the study.
Subjects were distributed among the experimental
groups to balance expertise in software development
and English reading ability.

analyze and t t
integrate data Se expenmen understand

experiments
and lab
packages

execute design experiment,
experiment identify subjects,

Specific results. The results from thedata N~~~ and obtain / adapt
analysis show that the subjects using the PBR Figure 2. The FIRE
technique found a higher percentage of defects and 9 )
were more efficient than the subjects using the .
Checklist for both the ATM and PG (neither resutsw 4~ A Framework for Improving the
statistically significant). For the occurrences meet ~ Replication of Experiments (FIRE)
subjects using PBR performed better on both
documents (no statistical tests were run). A coteple Based on our experiences on the Reader’s Project, w
description of Rep_4 and Rep_5 and their data aisaly proposed @&ramework for Improving the Replication
has been published in [17]. of Experiments (FIRE)The FIRE is inspired by the




Quality Improvement Paradigm (QIP) [1]. As seen in variables for to allow for meaningful comparison of

Figure 2, the FIRE contains two cycles. In the rima
(experiment execution and intra-group learning)leyc
(IC), experimenters focus on independently and
successfully planning, executing, learning and
packaging the experiment within their own context. In
the external (inter-group learning) cycle (EC),
experimenters are concerned with collaborative
package standardization, experimental knowledge
evolution, and knowledge sharing.

results.

As an example of the difficulties at the cycle ifdees,
a
experimental group associated with the University o
Maryland replicated an inspection study in his veti
country. In spite of his exposure to the researchig
and the availability of a laboratory package, this
experimenter still faced problems when adopting the
experiment

researcher who spent a sabbatical with an

to subjects with different cultures,

The FIRE recognizes that an experiment demandslanguages, and backgrounds. One example of this was

precise execution and any deviations from planaireg
closely monitored; an experiment is usually aboited

that a time limit was used for the inspection whicay
have been appropriate for the original subjects who

it deviates too much from planning. So, the interna were working in their native tongue, but which sedm

cycle of FIRE focuses on the implementation of a too constrained given

that the subjects in the

single experiment. The FIRE External Cycle (inter- replication were less familiar with the problem dom

group learning)

involves learning across groups. and were working in a language with which they felt

However, the emphasis on the FIRE external cycle isless comfortable. An unanticipated result of this
on inter-group learning, where groups are located i seemingly minor change was that the subjects found

different organizations, geographically distributgaid

themselves unable to complete much of the tasken t

culturally diverse. Sharing experimental knowledge time allowed. The subjects reported feeling frustia
among research groups is the very nature of sadtwar and de-motivated with the procedures they weregusin

engineering experimentation as the basis

for and quite possibly performed them less effectiasya

experimental repeatability, process uniformity, and result. In short, although the researcher who cotedl

knowledge base growth.

The goal of the inter-group learning cycle is tdalda
broad body of explicit knowledge from carefully
planned replications executed by different research
groups. Based on the Reader’s experience, the ke
activities of this cycle are: (Iplan and coordinate
experimental activities among the research groups to
increase experimental knowledge; (2)derstand lab
packages and results from other research groups (the

the
replicators would not possess, the results from his
replication were not comparable to those from the
original study: The results in the two contexts ever
quite different, due primarily to the way the expernt

replication had tacit knowledge that most

as run, and not due to an intrinsic property @& th

inspection techniques themselves.

For this reason the key step in the FIRE cycle

interfaces isknowledge sharing. In the Reader’s

effort required depends largely on the amount of Project, the groups involved listed the following

coordination among the groupsxecute the intra-
group learning cycle (independently conduct
replications and evolve the lab package by taitptire
experimental design and artifacts); (8hare and
consolidate new knowledge with other groups; (4)
standardize packages; (5) evolve the body of
knowledge. The input to the IC is the explicit results
and procedures from various replications. The dutpu
of the IC is evolved knowledge that can be usethas
basis for a new replication.

While the inter- and intra-group cycles are well
understood in isolation, difficulties arise at the
interfaces between these cycles. Experimenters ofte
cannot anticipate all the design details and rat®n
that will be most relevant to replicators, so makine
right information explicit in the inter-group cyclie
difficult. Similarly, it is difficult for replicatas
themselves to determine the most relevant context

initiatives as key factor for the project success:

1) Frequent interaction among groups through e-mail
and phone calls;
2) Execution of pilot studies, and;
3) Regular presential workshops to synchronize
initiatives and to discuss the experiments and its
artifacts. Eight workshops were held during therfou
years of the project. In the case of the PBR
experiments this led to:
a. A more precise description of the experimental
process;
b. Modification of the background questionnaire
to include language issues;
c. New defects detected; and
d. Identification of difficulties in handling the
false positives defects in data analysis.



The difficulties with combining and analyzing data with the original experimenters to evolve and
from different experiments were also discussed. IMuc standardize related lab packages.
attention was given to the subjective measures
collected in the background and post-study feedback
questionnaires, resulting in two new research ®foc

future studies: (1) There are several potentiakbdes replicators are less susceptible to bias from tiginal

in the subject profile (e.g. experience with tecj, experimenters because they bring a fresh perspectiv
language expertise) that need to be measured more P y 9 persee

accurately; and, (2) The elapsed time that for eachWh'Ch. may Iefad . o new results. Co_nv_ersely,
defect report may provide interesting insight iite coordinated replications ease knowledge buildihg, t

. h . artifact evolution, and the cross-study analysibe T
use of the different inspection approaches.
; . even steps of the FIRE are geared toward these thr
After these issues were discussed the process o

o h Issues. It assumes that researchers are collatprati
package standardization occurred by evolving the . . o X
g ; LD closely using a variety of communication mechanjsms
original lab package to include the modifications

) : o e.g., small, intense workshops. Such mechanisms are
introduced during the BR replications that wereeagr necessary because the socialization of knowledteat
upon by both teams: (1) An updated defect list;A2) y

i o . e inter-group level is more difficult than at the raot
false positive list; (3) The identification of agmess :
. - T group level. When a researcher becomes disconnected
for updating the false positive and defect listy; An .
. : and unable to coordinate research efforts, he,thad
evolved description of the experimental process was : ) .
. : . : community as a whole, partially lose the ability to
adopted; (5) The pilot study was included in the harmonize and consolidate results
standard experimental design; (6) The background ’
questionnaire was modified to produce a standardAlso, running experiments in isolation from a
questionnaire for all experiments conducted in the community is very difficult. There is a recognizeeled
Readers’ project; and (7) A defect report timedfielas for collaboration, local support, and a culture of
added to the defect report form. experimentation. This realization motivated the
The last step of FIRE is to assemble all the creation of the International Software Engineering
information from the original experiment and the Research Network (ISERN)Its founding members
replications into a body of knowledge. In the caée had been early collaborators that felt the needafor
the Readers, the US researchers had already iddntif support community once they left the group.

the need for a common repository of experimental . :
. Once again we stress that close collaboration dogs
knowledge [6], and begun working to aggregate the .

knowledge from the PBR experiments into this |m_p|_y that re_phcators shou_ld nqt be critical ofeth
repository original experiment, evolve it, or improve and puod

new experimental artifacts. In fact, there is an
advantage to multiple groups reviewing an
experimental design. The FIRE is spit into two egcl
. ) . ) . specifically to allow replicators to act indepentign
This article presents our experiences in executlngduring the execution of the replication to reduéasb

experimental replications in software engineerittg.  {om contact with the original experimenters.
argues that knowledge sharing is a key issue in

executing replication and building a body of knadge
in software engineering. If replications focus ooly

acquiring a lab package and following the stepthen [1] Basili, V. "Quantitative Evaluation of Software

intra-gr'oup. learning (?ycle, they run the rjsk of Engineering Methodology". In Proceedings of 1st Panific
becoming isolated studies that are hard to integrao Computer Conference. Melbourne, Australia. 198539-
a larger body of knowledge. Our experiences indicat 398

that replicators can profit from: (1) Coordinate [2] Basili, V. and Selby, R., Comparing the Effgetiess of
initiatives; (2) Master the explicit and tacit kniedge Software Testing strategies. IEEE TSE, 1987. 13(1R2)
associated with the lab packages; (3) Set the goals ~ 1278-1296. _

scope of their replications; (4) Carefully and [831 Basili, dV”SGreenEi Si ”I(_alt_?nber’aer, _I_Cr)]-' SEhuFF,:,_ |
independently execute the replications; (5) Ana orumgaard, - =., and Zcekowitz, M. 1he Etmpirica
datap and C(})/mpare with prpevious da(ta)' (6)"Ws:eharelnvestlgatlon of Perspective Based Reading. Engliric
findings with the original experimenters; and (7pkk/

We are not arguing against the need for independent
replications, as they are at the very heart ofregieand
useful to confirm and expand results. Independent

5. Conclusion
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