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ABSTRACT

knowledge for use in the software industry [17].

This research is concerned with the experimental software
engineering area, specifically experiment replication.
Replication has traditionally been viewed as a complex task in
software engineering. This is possibly due to the present
immaturity of the experimental paradigm applied to software
development. Researchers usually use replication packages to
replicate an experiment. However, replication packages are not
the solution to all the information management problems that
crop up when successive replications of an experiment
accumulate.

Replication is therefore a key mechanism in the experimental
paradigm [7]. Campbell and Stanley [20] explain the role of
replication as “The experiments we do today, if successful, will
need replication and cross-validation at other times under other
conditions before they can become an established part of
science, before they can be theoretically interpreted with
confidence”. Pragmatically speaking, replication is where other
researchers use different samples to try to reproduce research in
other contexts [9]. The confidence in the hypotheses under study
is raised if the results of the replication are compatible with the
results of the original research.

This research borrows ideas from the software configuration
management and software product line paradigms to support the
replication process. We believe that configuration management
can help to manage and administer information from one
replication to another: hypotheses, designs, data analysis, etc.
The software product line paradigm can help to organize and
manage any changes introduced into the experiment by each
replication. We expect the union of the two paradigms in
replication to improve the planning, design and execution of
further replications and their alignment with existing
replications.
Additionally, this research work will contribute a web support
environment for archiving information related to different
experiment replications. Additionally, it will provide flexible
enough information management support for running
replications with different numbers and types of changes.
Finally, it will afford massive storage of data from different
replications. Experimenters working collaboratively on the same
experiment must all have access to the different experiments.

Keywords
Empirical software engineering, experimental
replication package, experiment repository.

replication,

1. INTRODUCTION TO THE RESEARCH
1.1 Background
The results of an experiment require consolidation to guarantee
their validity and reliability. It is impossible to draw conclusions
from a single experiment [11]. Consolidation is achieved by
running the experiment several times. This is a way of building
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Experimental replication plays a crucial role in experimental
software engineering (ESE). However, replication has
traditionally been seen as a complex task in ESE. This has been
compounded by the difficulty in identifying what information
has to be transmitted among experimenters, as well as the
complexity of adapting the experiment to a new context [24].
The replication package is a very common mechanism of
communication and coordination among experimenters for
replicating experiments [1], [2], [24]. A replication package
usually includes a set of structured processes, objects, materials,
instruments, documents [12], as well as checklists, procedure
descriptions, task solutions, etc. [1], [2], [17], [21] concerning
the experiment (and sometimes other replications).
Despite the existence of replication packages, there are still very
few replications in ESE. Some authors suggest that there is not
much motivation for researchers to do replications (they are hard
to do and hard to get published). Also, replication packages are,
for some reason, not helping replicating experimenters to do
their job as well as expected [17]. This suggests that we have not
yet hit upon the right solution [10] to the problem of
information exchange among experimenters. To complicate
things even further, replications tend not to be exact copies of
the original experiment, but more or less exact adaptations [7].
An experiment can be replicated with a number of variations
depending on what the replication sets out to verify [10]. This
makes the information exchange problem even harder, because
the replicating experimenters have not only to understand the
baseline experiment information but also then to adapt this
information to their needs. This diversity implies that even
closely related replications do not necessarily have to be
identical. This applies to all the associated information, too.
Whereas this diversity among related replications exemplifies
the idea of the family of experiments [1], it complicates the
information and materials exchange problem, as well as the
recording of results for later analysis.

The approach that we propose aims to help with the information
exchange problem among experimenters and support replicating
experimenters. More specifically, it should:


Help to transfer information so that the replicating
experimenters understand the experiment (how to
apply the objects, materials, instruments, forms,
specifications, etc. of the baseline experiment).



Be of use for adapting the experiment and configuring
changes for the new context.



Provide an infrastructure that not only stores but also
manages (modifies, queries, adapts) the information
about
the
replication
process
(documents,
experimental
materials,
experimental
objects,
experimental instruments, forms, specifications,
collected data, raw data, analysis results) to offer
efficient, reliable and full access.



Provide information to support decision making for
experimental process management and administration.

1.2 Motivation
As in the life sciences [16], the experimental processes are
complex in ESE. ESE also has the added problem of
documentation management [18]. Consequently, the processes
for recording, archiving and sharing the descriptions and result
of a set of replications of the same experiment are harder.
Neither is it easy to obtain and organize the artefacts to support
a family of controlled experiments [6]. Specifically, the
existence of many replications of an experiment leads to there
being different new and obsolete versions of experimental
materials. These versions of experimental materials are usually
stored at different sites, and have different formats and contents,
as they are employed by different experimenters to run different
parallel or serial replications.
For decades, other engineering disciplines have proposed
processes for transmitting knowledge, avoiding duplicate effort
and preventing the same mistakes from being made over again
[22]. In order to be able to reproduce an experiment in ESE, it is
necessary to transmit information (generally orally and in
writing) among experimenters [24]. Experimenters use this
information to gather knowledge about the experiment,
knowledge of the components of the original experiment
(documents, materials, objects, instruments, forms and
specifications) that is necessary to be able to modify the
experiment either to adapt it to a new context or to check the
effect of some variable. There is no universal classification of
the information for transmission among experimenters.
Likewise, people have need of decision-making support to run
replications [14]. The fact that there is not always efficient and
effective access to properly formatted information and versions
of materials, etc. is an obstacle to the management and
administration that prevents decision making among
experimenters in ESE.
We are going to adopt and adapt the software configuration
management (SCM) and software product line (SPL) paradigms
to enhance the replication process.
We adopt the SCM paradigm by adapting its concepts, relations
and instruments for application in the experimental replication
process because we think that it will be useful for version
management of the information and components (hypotheses,

materials, objects, instruments, forms) used to execute
replications.
We believe that the adoption of SPL in the replication process
will be useful for the organization and administration of changes
made to each experiment replication, enabling new replications
to be planned, adapted, designed, released and added to existing
replications.

2. RELATED WORK
This research is part of the line of technological ESE research
concerned with setting up an environment to support
experimental and replication processes. We have run an initial
review of the literature concerning both the experimental and
replication process and support tools in SE. In the future, this
initial review will be rounded out by a systematic literature
review [13]. The review will cover both SE and other
disciplines. However, the work conducted so far has revealed
some facts that are described in the following.
To incentivise the experimental and replication processes in SE,
some researchers have proposed and developed instruments to
transfer information, like publications (sometimes in compliance
with guidelines for reporting experiments and/or replications),
replication packages, and experiment repositories [24].
In the early replications run in ESE, non-guideline compliant
publications on the experiment were only the documents about
the original experiment that were transferred [12].
Some researchers, like Lott [15], Basili et al. [2], Solari [19],
etc., then proposed static replication packages (repositories
including materials) that contain some documents that are
necessary for replicating an experiment (materials, objects,
instruments, forms, specifications, etc.). Some researchers have
added the data collected during the experiment and the materials
necessary for training subjects, as well as procedures associated
with experiment execution to replication packages. Basili [2]
pioneered this work and was later joined by Conradi et al. [5],
Shull et al. [17] and Vegas et al. [24].
Some research work in SE provides a technological
infrastructure for storing the instruments used to transfer
information in different media. Technological infrastructure can
range from a simple repository of experimental material to the
definition and implementation of tools to support the activities
of the experimental process. There have been attempts at storing
results (of experiments, case studies and even single
experiments) in what might be called experience bases like
CEBASE [4], Visek [8], Giants [23] and SIR [6].
We establish a set of criteria. These criteria were obtained from
two sources. The first source was experimenters that are
members of our research group from whom knowledge on
experimentation processes and replication was elicited. The
second source was the doctoral student’s knowledge of
replication gained from experiences supporting experimenters
running two replications at both the Escuela Politécnica de
Ejército Sede Latacunga (ESPE), Ecuador, and the Universidad
Politécnica de Madrid (UPM), Spain, in 2011.
These criteria are useful for identifying the weaknesses of the
perceived functionalities with respect to the ideal functionalities
elicited from experimenters. Specifically, the proposed
evaluation criteria and their associated functionalities are:


Does it manage experimental materials? This criterion
is useful for identifying the functionalities concerning

the storage, recording, querying and traceability of
experimental materials.




Does it manage replication design and execution? This
criterion is useful for identifying the functionalities
concerning the design, execution and traceability of
the replications, replication materials and events
occurring during the replication process.
Does it support experimental administration? This
criterion is useful for identifying the functionalities
concerning the state of the experiments, replications,
events and experimental materials in order to provide
decision-making support for experimenters.

Each functionality will be assessed using indicators of
completeness and coherence.


Completeness indicator: Indicator assessing the
perceived functionality for an ESE concept. It will be
rated on the following scale.
-

None: Value specifying zero functionality.

-

Partial: Value specifying basic functionality
(maintenance) concerning storage, retrieval
and modification of ESE concepts.

-



Total: Value accounting for all the
maintenance functionalities (partial), plus
the traceability of the concepts used in ESE.

Detail level indicator: Indicator used to specify the
detail level of the concepts used in ESE.
-

None: Value specifying that the detail level
of the ESE concepts is zero.

-

General: Value specifying that the detail
level of the ESE concepts is low.

-

Detailed: Value specifying that the detail
level of the ESE concepts is high.

2.1 Replication Packages
We have identified three main replication packages in the SE
field. They were developed by Lott [15], Shull [3] and Solari
[19].
Lott’s replication package [15] provides the experimental
material necessary for replicating an experiment to evaluate
software fault detection techniques. It is now active and
accessible via web.
Shull’s replication package [3] contains information for
replicating an experiment on software reading techniques. This
package is now active and accessible via web. As well as the
material necessary for replicating the experiment, this package

contains additional information on the experiment, such as its
design, analysis techniques, materials or experiences from
replications run using this package.
Apart from the above experimental packages, we have located a
proposal by Solari [19] which provides a set of general- and
special-purpose experimental materials and instruments to
support replication.
Table 1 shows the concepts, criteria, functionalities and
indicators against the values assigned to the analysed packages.
Generally, all three packages have weaknesses with respect to:


Management of experimental materials, specifically
version identification and control.



Management of replication design and execution.



Support for experimental administration.

2.2 Experimental Information Repositories
We have identified three main repositories in the field of SE:
CeBASE [4], ViSEK [8] and SIR [6]:
CeBASE [4] is an experience repository targeting the software
industry that applies generic CMMI practices. It was developed
by the National Science Foundation (NFS). It does not appear to
be in use any longer. This repository is able to organize the
results of ESE research in an experience base.
ViSEK [8] is an on-line repository promoting intra- and interorganizational learning in small- and medium-sized software
enterprises in Germany. ViSEK was built, at the initiative of the
German government, by a scientific consortium composed of
eight research institutes: five Fraunhofer institutes and three
research groups based at research universities. This repository is
now operational, but has not been upgraded since its creation. It
can be used to record experiments, instantiate technologies and
exchange experiences through a network interconnecting small
and medium-sized software enterprises.
SIR [6] is a repository of Java and C programs and materials for
use in experimentation together with testing and analysis
techniques. It was built by the Department of Computer Science
and Engineering at the University of Nebraska – Lincoln. SIR is
now operational and work is ongoing, and there are continual
upgrades and add-ons.
Apart from the above repositories, we have located another less
ambitious proposal, called Giants [23]. Giants is a proposal for
an on-line web portal serving data collection, algorithms,
experimental setups, etc.
Table 2 shows the results of applying the criteria and indicators
with the values assigned to the analysed repositories.

Table 1. Evaluation of Replication Packages
Experimental Package Evaluation Criteria
Indicators
Concept

Experimental
materials

Replications

Administration

Criterion

Lott
Storage of materials used to replicate an experiment (objects,
experimental materials, procedures,
partial
description/specifications, publications)
Support for materials versioning (objects, experimental
materials, procedures, description/specifications, publications none

Does it manage
experimental
materials?

Does it manage
replication design
and execution?

Does it support
experimental
administration?

Completeness
Scale (total, partial, none)

Ideal Functionality

Identification of experimental and other materials to be
transmitted for the replication process
Details of the designs of executed replications
Administration of versions of materials used in an
experimental replication
Administration of versions of experiment replications
Identification of the states of the executed/executing
experimental replications
Follow-up support for replications
Specification of the state of the materials used in a
experiment or replication
Details of experimental and other materials used in different
internal and external experimental replication processes
Identification of the states of the executed/executing internal
and external experimental replications
Details of events occurring during experiment and replication
execution

Detail Level
Scale (detailed, general, none)

Shull

Solari

Lott

Shull

Solari

partial

partial

detailed

detailed

detailed

none

partial

detailed

general

general

none

none

partial

general

general

detailed

none

none

partial

none

none

general

none

none

none

none

none

none

none

none

partial

none

none

detailed

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

general

none

none

none

none

none

general

none

none

partial

none

none

general

Table 2. Evaluation of Experience Repositories
Repository Evaluation Criteria
Concept

Experimental
materials

Replications

Administration

Aggregation

Criterion

Does it manage
experimental
materials?

Does it manage
replication design
and execution?

Does it support
experimental
administration?

Is it useful for
instantiating
experiments?
Is it useful for
analyses?
Is it useful for
determining
experiment
homogeneity?
Does it manage
data for
aggregation?

Ideal Functionality

Indicators
Completeness
Detail
Scale (total, partial, none)
Scale (detailed, general, none)
Visek CEBASE GIANTS SIR
Visek CEBASE GIANTS SIR

Storage of materials used to replicate an experiment (objects,
experimental materials, procedures,
partial
description/specifications, publications)
Support for materials versioning (objects, experimental
materials, procedures, description/specifications, publications partial
Identification of experimental and other materials to be
transmitted for the replication process
Details of the designs of executed replications
Administration of versions of materials used in an
experimental replication
Administration of versions of experiment replications
Identification of the states of the executed/executing
experimental replications
Follow-up support for replications
Specification of the state of the materials used in a
experiment or replication
Details of experimental and other materials used in different
internal and external experimental replication processes
Identification of the states of the executed/executing internal
and external experimental replications
Details of events occurring during experiment and replication
execution

partial

total

total

general

general

general

general

partial

partial

total

general

general

general

general

partial

partial

partial

partial

general

general

general

general

partial

none

partial

partial

general

general

general

general

partial

none

total

partial

general

general

general

general

partial

none

total

partial

general

general

general

general

partial

none

total

none

general

general

general

general

none

none

partial

partial

general

general

general

general

partial

none

partial

none

general

general

general

general

partial

none

partial

none

general

general

general

general

none

none

none

none

general

general

general

general

none

none

partial

none

general

general

general

general

partial

none

partial

total

general

general

general

general

partial

none

partial

partial

general

general

general

general

none

none

partial

partial

general

general

general

general

none

none

partial

partial

general

general

general

general

Definition of experiments
Data analysis

Experiment homogeneity

Data organization for aggregation

Generally, the four repositories have weaknesses with respect to:


Management of experimental materials, specifically
version identification and control.



Management of replication design and execution.



Support for experimental administration.

The findings of this review suggest just how limited replication
packages and experience repositories are with respect to the
applied evaluation criteria. They do not satisfy the ideal
functionalities proposed.

3. RESEARCH OBJECTIVES
Now that we have analysed the problem and related work, we
define the objectives of this research:


Provide support for the replication process using the
components of an experiment, such as materials,
objects, instruments, experiment data and analysis.



Manage the planning, design and execution of the
replication.



Manage the different versions of experimental
materials used in the executed replications.



Implement a distributed, collaborative tool to enable
the reuse of experimental elements to support the
replication process.

4. RESEARCH APPROACH
We are going to use the Software Product Lines (SPL) paradigm
to address the replication process support (adapt the experiment
and configure changes for a context) and management problems.
We will research the SPL paradigm, analyse a set of documents
(elicited from experimenters) on a specific family of experiments
and also induce the common characteristics and variables from
the different replications run to build a set of core assets
(domain engineering). Additionally, we have to establish the
processes for configuring new replications (application
engineering), the core assets feedback process and, finally, the
replication configuration management process. Figure 1 shows
the activities for adopting the SPL paradigm.

software development process and the experimental process. We
will adopt and adapt SCM concepts and instruments for
application in the SE experimental replication process. We will
develop the experimentation configuration management (ECM)
and we will apply the ECM solution to a specific group
experiment. Figure 2 shows the activities for adopting SCM in
the experiment replication process.

Research the
SCM paradigm

Elicit
experimental
process

Establish
common
characteristics
and variables

Build a hierarchy
of common
characteristics
and variables

Create core
assets

Application
Engineering

1.

Investigate the SCM paradigm for application to the

2.

Draw a product-level analogy between the software
development cycle and the experimental research
cycle.

3.

Adopt and adapt SCM concepts, relations and
instruments for the experiment replication process.

4.

Build Experimentation Configuration Management
(ECM).

Configure
New
Replications

Figure 1. Diagram of activities for adopting SPL in replication
management and support.
Specifically, the activities to be carried out are:
1.

Research the SPL paradigm for application to the
process of experiment replication support and
management.

2.

Elicit the experimental process using interviews and
surveys administered to experimenters and analyse the
documents on replications of one of a family of
experiments executed by the research group.

3.

Establish the common materials and variables induced
from the replications run by the research group to be
able to place a replication within an experiment.

4.

Build a hierarchy of the common materials and
variables used as input for Activity 3.

5.

Create a set of core assets (product line architecture,
product line scope, product line configuration plan)
for the experimental replication process using the
outputs of Activities 3 and 4 as input.

7.

Apply ECM

Build ECM

material version management process.
Domain
engineering

Replications Configuration
Management

6.

Adopt/adapt
SCM concepts
for
experimentation

Figure 2. Diagram of activities for adopting SCM for managing
versions of replication materials.
Specifically, the activities to be carried out are:

Domain Modelling

Research the
SPL paradigm

Draw a
product-level
analogy

Implement the replication configuration process using
both core assets and any changes to be made in order
to create a replication that is part of a family of
experiments.
Implement the process for replication process core
asset feedback.

Implement the configuration management process for
the replication version control.
We are going to use the software configuration management
(SCM) paradigm to solve the problem of managing previous or
successive versions of components of an experiment used in the
experimental process. Specifically, we will research the SCM
paradigm and develop a product-level analogy between the

5.

Apply the solution (ECM) to a research group
experiment.
To do this, we will follow the research process detailed in Figure
3.
Adoption of
SPL
Initial literature
review

Adoption of
SCM

Software
Requirements
Specification

Tool
construction

Tool
validation

Systematic
review of
tools

Figure 3. General Activities Diagram of Solution Approach.
This process is composed of the following activities:
1.

Initial review of the literature on SPL and SMC.

2.

Adoption of SPL in the replication process.

3.

Adoption of SCM in the replication process.

4.

Systematic review of tools in ESE and other
disciplines: repository and experimental packages

5.

Draft the software requirements specification (SRS)
for the experimental replication process support tool.

6.

Construction of the tool to support the experimental
replication process with its user manual.

7.

Validation of the tool to support the experimental
replication process against the SRS. We will also
administer questionnaires to both the research group
experimenters and peers about tool use experiences.

8.

5. SUMMARY OF THE CURRENT
STATUS OF THE RESEARCH AND
PLANNED NEXT STEPS
So far we have completed the following activities:


Adoption of the software configuration management
(SCM) paradigm. Specifically, we have researched the
SCM paradigm. We have drawn a product-level
analogy between the software development cycle and
the experimental research cycle. We have adopted and
adapted SCM concepts, relations, instruments, etc. to
experimentation. We have built the experimentation
configuration management tool. We have applied the
solution to an experiment run by the research group
comparing code testing techniques.



Adoption of the Software Product line (SPL)
paradigm. We are now researching the software
product line (SPL) paradigm. We have used
replications of an experiment executed by our research
group for induction, and we have obtained a table and
tree hierarchy showing the common materials and
variables. Both the table and the tree hierarchy are
now being validated by experts.
We plan in the immediate future to carry out several activities in
parallel in compliance with the established schedule for 2012.
Specifically, the tasks to be executed are:


Conduct a systematic review of tools.



Continue the adoption of SPL by developing domain,
application and configuration models.



Apply the SPL proposal to at least one experimental
situation. .
We will focus in 2013 primarily on developing the experimental
replication support tool using incremental prototyping after a
technical and operational feasibility study.


Draft the software requirements specification of the
experimental replication process tool.



Build the experimental replication process support
tool.
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