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ABSTRACT

1

Background: Replication is essential to build knowledge in empirical science. Experiment replications reported in the software engineering context present variabilities on their design elements, e.g.,
variables, materials. The understanding of these variabilities is required to plan experimental replications within a research program.
However, the lack of an explicit representation of experiments’ variabilities and commonalities is likely to hamper their understanding
and replication planning. Aims: The goal of this paper is to explore
the use of Variability Modeling Approaches (VMAs) to represent
experiment families (i.e., an original study and its replications) and
to investigate the feasibility of using VMAs to support experiment
replication planning. Method: We selected two experiment families, analyzed their commonalities and variabilities, and represented them using a set of well-known VMAs: Feature Model, Decision Model, and Orthogonal Variability Model. Based on the resulting models, we conducted a preliminary comparison of using
such alternative VMAs to support replication planning. Results:
Subjects were able to plan consistent experiment replications with
the VMAs as support. Additionally, through a qualitative analysis,
we identified and discuss advantages and limitations of using the
VMAs. Conclusions: It is feasible to represent experiment families
and to plan replications using VMAs. Based on our emerging results, we conclude that the Feature Model VMA provides the most
suitable representation. Furthermore, we identified benefits in a potential merge between the Feature Model and Decision Model
VMAs to provide more details to support replication planning.

Experimental research is an important approach for advancing the
maturation of the Software Engineering (SE) approaches [26].
Through experimentation, researchers can collect evidence related
to the performance of a method or technology [2]. Furthermore, experiments need replications in different contexts, at different times,
and under different conditions to gain generalizable knowledge
[5][10]. According to Silva et al. [22], replication of empirical studies is an essential activity in the construction of knowledge. Moreover, replications increase the validity and reliability of original
study results [10].
Through experimental studies we can verify how and when
technologies work, understand their limitation and identify opportunities for improvement [2]. For replications, Shull et al. [21] present two implications: to gain confidence in results of previous
studies (result reproduction) and to understand the sources of variability that influence a given result. There are guidelines (e.g., [6])
that can help the researchers to report experimental replications
[13]. Nevertheless, these guidelines do not address the explicit representation of variabilities and do not support planning of experiment replications.
Considering the lack of variability modeling, we recently introduced the idea of using experiment lines to facilitate designing experiment replications in software engineering. In an experiment
line designs are based on potential configurations of experiment elements [4]. In the area of Software Product Line (SPL), there are
several Variability Modeling Approaches (VMAs) to support variability management [23] in different contexts. According to Czarnecki et al. [8] three existing VMAs have gained most importance:
Feature Model (FM), Decision Model (DM), and Orthogonal Variability Model (OVM).
In this paper, we tackle the idea of using experiment lines to
support planning of experiment replications. Therefore, we identified two representative experiment families, conducted by independent authors. We have selected these families as they concern
different SE areas, and involve several replications each. We analyzed the variabilities among the replications and represented them
using FM, DM, and OVM. We conducted a preliminary comparison in order to identify advantages and limitations of using each
VMAs. Our goal is to understand to what extent they support experiment replication planning. Our emerging results indicate that
VMA models may support the planning of experiment replications.
Also, among different candidate VMAs, FM provides the most
comprehensive overview. Nevertheless, we identified advantages
and limitations for each of the models and, therefore, opportunities
for future research.

CCS CONCEPTS
• Software and its engineering ~ Empirical software validation

KEYWORDS
Experiment planning, experiment replication, experiment lines
ACM Reference format:
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on
servers or to redistribute to lists, requires prior specific permission and/or a
fee. Request permissions from permissions@acm.org.
EASE '19, April 15-17, 2019, Copenhagen, Denmark
© 2019 Association for Computing Machinery.
ACM ISBN 978-1-4503-7145-2/19/04…$15.00
https://doi.org/10.1145/3319008.3319356

INTRODUCTION

1

EASE’19, April 2019, Copenhagen, Denmark
The remainder of this paper is organized as follows. Section 2
provides the background. Section 3 introduces the research questions. Section 4 describes how the experiment families were represented using VMAs. Section 5 describes the preliminary evaluation
and its results. Finally, Section 6 concludes and outlines future
work.
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BACKGROUND

In this section, we provide brief background on the problem space,
replications in SE experiments, and on the solution space, VMAs.

2.1

Replications in SE Experiments

The term replication can be defined as an empirical study that addresses questions or hypotheses similar to those posed in previous
studies [22]. Shull et al. [21] present two types of replications: (1)
exact replications, following the procedures of an experiment as
closely as possible; and (2) conceptual replications, evaluating the
same research questions by using a different experimental procedure. For exact replications, there are two sub-categories: dependent replications, where all conditions of the experiment are the
same or very similar; and independent replications, where researchers vary one or more experiment design elements.
Regarding the current state of replications in SE, Silva et al. [22]
conducted a Systematic Mapping Study (SMS) and identified 133
replications of 72 original studies, from 1994 to 2010. Bezerra et
al. [3] updated the earlier SMS. They found 51 replications of 35
original studies between 2011 and 2012. There are typically less
than two replications per original study and this number seems to
be increasing. Moreover, Magalhães et al. [13] analyzed investigations related to replications (e.g., recommendations, frameworks,
guidelines). While understanding the sources of variability that influence a given result is one of the main implications of conducting
replications [21], none of these investigations discusses variabilities in the context of experiment replication planning. Hence, there
is an opportunity to investigate how to represent variabilities of experiment families. Furthermore, we believe VMAs can be used for
variability modeling and to support planning experiment replications.

2.2

Software Product Lines and Variability Modeling Approaches

The main goal of the SPL engineering is to provide similar
products with specific features, based on reusing a common architecture [15]. According to Altintas et al. [1], a SPL aims at establishing a product family through common and reusable components. SPLs provide means to efficiently design, produce, and
maintain multiple similar software variants, exploiting their commonalities and managing their variabilities [15]. We identified similar challenges for experiment families in a research program, as
their designs also involve commonalities and variabilities. Several
VMAs have been proposed for managing both common and varying elements in SPL. In this paper, we selected three VMAs [8]
with capabilities that may be relevant for representing experiment
lines: FM, DM, and OVM. These models are described below.
Feature Model (FM) was proposed in 1990 as part of the Feature-Oriented Domain Analysis (FODA) method [11]. Nowadays,
FM is widely used in the SPL context to represent static feature
commonalities and variabilities, to represent dependencies between
features, and to determine allowed or forbidden combinations of
features. A number of extensions and variants of the original FODA
2
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notation have been proposed. In this work, we choose the Cardinality-Based Feature Model (CBFM), an extension of original FM
that integrates several extensions of previous approaches [7]. The
CBMF is more expressive to describe commonalities and variabilities by introducing the concept of cardinality [7].
Decision Model (DM). Most of existing DM approaches have
been influenced by the Synthesis Method [24]. While the main purpose of FM is the domain, the DM emphasizes decisions in the process of product derivation, in order to distinguish among the members of a product family and to guide adaptation of work products.
Furthermore, a decision model documents the decisions made to
specify a member of a domain. This idea fit well with the tabular
notation of DM presented in [8]. For the comparison presented in
this paper, we selected the tabular notation to represent the DM.
Orthogonal Variability Model (OVM). OVM is a modeling approach proposed by Pohl et al. [15]. This approach is intended to
support the variability management in SPLs by relating commonalities and variabilities to requirements, architecture, and other
lifecycle artifacts. Only variabilities of the SPL are documented in
this model. An OVM is composed of Variation Points (VP) and
Variants (V). A VP is related to functionalities that can vary. A V,
on the other hand, regards the possible instances of a VP. The notation used in this paper is based on [19].
As the three VMAs follow different concepts to represent variabilities that may be relevant for planning and analyzing an experiment line, we investigate the advantages and limitations of these
VMAs to represent knowledge on experiment families.

3

RESEARCH QUESTIONS

The main goal of this paper is to investigate whether and how
VMAs can be useful to represent experiment families. We also
want to gather an initial understanding on if and how they can support the planning of experiment replications. Therefore, we discuss
the following research questions. RQ-1: How can software variability modeling approaches (VMAs) be used to represent experiment families? and RQ-2: How can VMA representations support
planning experiment replications? In order to answer these questions, we built models based on FM, DM and OVM notations and
conducted a preliminary evaluation.
RQ-1. We believe that VMAs can help to keep the overview
and consistency of the planned experiment family and add value to
the design of experiment replications. VMAs typically describe
rules for keeping consistency and can handle complex variability
situations. Indeed, VMAs have been successfully applied in the
SPL context and there are similar challenges concerning variabilities in SPLs and experiment families. Even small changes in a replication may lead to unexplained differences in the results. Thus, it
is important to keep track of these changes. In the context of an
experiment family, we relate features, decisions, or variation points
to theory constructs used in the experiment design.
RQ-2. Regarding these theory constructs, Wohlin et al. [26]
consider that replications may present variabilities of the following
factors: (1) Site where the experiment is conducted; (2) Experimenters conducting the experiment; (3) Design chosen for the experiment; (4) Instrumentation, i.e., forms and other material; (5)
Variables measured; and (6) Subjects conducting the experiment.
The guidelines proposed by Carver [6] emphasize that changes related to the design, participants, artifacts, procedures, data collection, and/or analysis techniques should be clearly reported in replication papers. Based on these potential sources of variation, we
built FMs, DMs, and OVMs for two representative experiment
families and analyzed their advantages and limitations.

A Preliminary Comparison of Using Variability Modeling Approaches to Represent Experiment Families
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REPRESENTING EXPERIMENT FAMILIES
USING VMAs

In order to address RQ-1 and investigate ways to represent experiment lines with FM, DM and OVM, we selected two experiment
families based on a SMS on replications of empirical studies
[3][22]. Our criterion was to select experiment families with solid
experiment designs, addressing investigations in different SE areas,
and with several replications. It is noteworthy that we did not analyze the quality and/or validity of the results of the experiment families. We only analyzed the structure of the experiment planning.
After identifying a set of candidates and internal discussion, we
selected two experiment families, both with their original study
published in a high-quality software engineering venue. The original study of an experiment family on software requirements inspection by Porter et al. [16] started 1995 and had five replications. The
original study of the second experiment family on code maintenance by Prechelt et al. [17] was conducted in 1997 and had 6 replications. Due to space constraints, in this paper we will only present a fragment of the models for the second experiment family.
The description of the first experiment family, the full models and
the evaluation package are available online1.
The original study from the family of experiments [17] (hereafter called PatMain experiment) aimed at comparing designs using patterns with alternative designs in the context of program
maintenance. The PatMain experiment had six replications:

Vokáč et al. [25] – one replication (FirstRep).

Prechelt and Liesenberg [18] – one replication (SecondRep).

Juristo and Vegas [9] – one replication (ThirdRep).

Nanthaamornphong and Carver [14] – two replications
(FourthRep and FifthRep).

Krein et al. [12] – one replication (SixthRep).
The PatMain experiment was conducted with 29 unpaid professional software engineers from a single company. The subjects
were divided into four groups (six to eight subjects in each group).
Groups were balanced using random blocked assignment where
professional experience, C++ experience, and the level of
knowledge in relevant patterns were considered. The independent
variables were: (1) the programs and change tasks; (2) the program
version; and (3) the level of pattern knowledge. Time spent and
correctness of solution were defined as dependent variables. Regarding the experiment object (artifact), there are four programs.
Each program had two versions: with and without patterns. Subjects were asked to conduct maintenance tasks on the programs.
One of the programs had three tasks, while the others had two.
The experiment was performed as follows. In the morning of
day one, a pretest was conducted. The subjects had to carry out the
maintenance tasks related to two programs. In the afternoon of day
one and the morning of day two, a training course on design patterns was provided to participants. Finally, a post-test was conducted in which the professionals implemented solutions for the
tasks of the other two programs. It is noteworthy that in each round
the subjects used one program version with design patterns and another version without the design patterns.
Figure 1 shows the variabilities identified in the replications of
PatMain experiment represented as a FM. The tabular DM notation
is presented in Figure 2. Finally, the OVM can be seen in Figure 3.
Each figure presents the same fragment of identified variabilities.
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Examples of identified variabilities to enable the understanding of
each model are provided hereafter.
A source of variabilities was related to the independent and dependent variables. In ThirdRep the amount of pattern knowledge
(independent variable) was not considered and task correctness (dependent variable) was not explored. Regarding subjects, researchers commonly apply questionnaires to characterize participants’
background. They typically consider experience, knowledge and,
in some cases, education. The PatMain experiment considered
these three characteristics in order to classify subjects into different
levels. Thus, the researchers were able to divide participants in balanced groups using random blocked assignment. However,
FourthRep did not consider education to apply blocking of subjects.
Furthermore, the groups were randomly assigned without blocking
and balancing in the ThirdRep.
Another observed variability concerned training. A training
phase was performed only in PatMain and FirstRep. It is noteworthy that SecondRep to SixthRep took part in a joint replication project. This project aimed at performing several replications of the
PatMain experiment simultaneously. All replications belonging to
the project conducted only the pretest and did not conduct training.
However, we observed that training becomes mandatory when researchers consider the amount of pattern knowledge as an independent variable. Moreover, if there is training, the experiment
should be conducted in two (not necessarily consecutive) days.
In summary, for a replication within the context of the code
maintenance and using design patterns, the information provided
by the VMAs could be interpreted as follows. In order to test the
hypotheses, independent and dependent variables are defined. The
experiment replication plan could reuse definitions of previous replications or introduce new variabilities. Regarding subjects, experience has been measured in the replications, while education has
been optional. The training is not required, but if it is provided, the
experiment should take two days.
In the following section, we present the results of a preliminary
comparison of using FM, DM, or OVM to support planning an experiment replication. We also highlighted the advantages and disadvantages of using each of the models.

5

EVALUATION AND RESULTS

In order to answer the research questions RQ-1 and RQ-2, we conducted a preliminary evaluation with three independent subjects. A
summary of their characterization follows. Subject 1 (S1) and Subject 2 (S2) have master degrees in software engineering and Subject
3 (S3) has a doctor degree in software engineering. All of them had
previous experience with experiment planning. S1, S2, and S3
planned ten, four, and six experiments, respectively. Regarding replications, only S2 planned one. With respect to experience participating as subjects in experiments related to the inspection or
maintenance domains, S1 participated in one experiment related to
software inspection, while S2 and S3 participated in six each. Only
S1 participated in an experiment concerning code maintenance. Finally, regarding experience with SPL, S2 has been working with
SPLs as a team member in industry for four years, while the others
had only studied it in a classroom context.

www.inf.puc-rio.br/~kalinowski/ease2019
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Figure 1: Fragment of the experiment family on Code Maintenance represented by a Feature Model.

Figure 2: Fragment of the experiment family on Code Maintenance represented by a Decision Model.

Figure 3: Fragment of the experiment family on Code Maintenance represented by an Orthogonal Variability Model.
4

Related to the evaluation design, each subject evaluated two
models, one of each experiment family. We consider that FM presents more information than DM and OVM, because this model
presents both commonalities and variabilities. Thus, the FM is only
evaluated in Round 2. Because DM describes decisions, we consider that DM provides more information than OVM for S1. Therefore, the OVM was evaluated before DM when a subject had to
evaluate these two models. The design of the evaluation is presented in Figure 4.

Figure 4: Evaluation Design.
In each round, we asked subjects to plan a new experiment replication for the experiment family, based on a specific VMA representation (hereafter referred to as model). Their plan should have
at least the experiment replication components described in Section
3, presented by Wohlin et al. [26] and Carver [6]. In each round,
we briefly explained the context of each experiment family. The
subjects had to read and analyze the VMA model they received and
to fill in an experiment planning form with their choices regarding
the variabilities. After completing each round, the subjects answered a follow-up questionnaire with open questions (on their
strategy, advantages, limitations, and improvement suggestions),
allowing them to register their perceptions on the model used during the task.
Based on the resulting planning and on the questionnaire responses, we conducted a qualitative analysis. According to Seaman
[20], qualitative methods facilitate achieving a comprehensive understanding of the phenomenon under investigation.
Experiment Replication Planning. First, we analyzed the variabilities that the subjects chose and wrote in the experiment planning form. The resulting planning of all subject was in accordance
with the model’s requirements, except for S1. We observed that S1
did not select a mandatory independent variable (program version)
when using OVM. Despite of this, we consider the resulting planning to be acceptable with minor adjustments. An explanation
could be that S1 had no previous experience working with SPLs,
and OVM in particular. On the other hand, S3, who also did not
have previous experience, was able to plan according to the represented requirements. It is noteworthy that when using DM and FM
models, all subjects were able to plan their replications following
all the model requirements.
Strategy to Use the Model. As far as the follow-up questionnaire is concerned, we were able to derive some interesting observations. First, concerning the strategy to use the model, S1 informed that he “tried to map the variation points, in Round 1, and
the ‘decision name’, in Round 2, to experiments components”. On
the other hand, S2 and S3 stated that they started from the overall
experiment scenario depicted in the models and made choices of
the variations according to their experience.
Advantages of VMAs. With respect to the perceived advantages. For S3, “both models [OVM and FM] help to acquire an
overview of the experiment family”. For S2, an important benefit
related to use of both models (DM and FM) is that “they allow re-

using components, which could be beneficial mainly for novice researchers”. Therewithal, S2 also stated, “these models can represent best practices and generate new scenarios that we can use to
expand an experiment family”. Directly related to these advantages,
S1 stated, “the OVM model helps inserting the researcher in the
experiment context”. S1 also reported an advantage of using DM,
“The DM provided a better understanding of each variability, because of the decision description”. Another advantage mentioned
by S1 concerned effort reduction, “both models reduce the time
needed to plan a replication”. Overall, based on the answers the
main perceived benefits were related to providing a comprehensive
overview on the experiment family and its variabilities and enabling reuse.
Limitations of VMAs. Regarding VMA limitations, S1 reported a lack of sequence when using OVM, and a lack of overview
on elements of the replication plan when using OVM and DM. In
fact, when using OVM the VPs are not necessarily connected to
each other, the analysis of the VPs has to be done one by one. In
the tabular notation, used to represent the DM, the model has only
textual information, losing the graphical overview. Note that OVM
and DM represent only variabilities, while FMs represent both variabilities and commonalities. This difference was highlighted by
S3, who stated, “the FM presents more details”. Finally, S3 stated
as a limitation, “it would have been important to know more details
about the experiment family and, mainly, the artifacts that were
used” and that “both OVM and FM can cause novice researcher
and/or graduate students to not think outside the box”. We agree
that researchers should have a detailed look at least at the original
experiment plan and instruments before planning replications.
Thereafter, it would be easier to understand the variabilities represented in the model. Regarding not thinking out of the box, from
our point of view this depends on how people are instructed to use
the models, as they should keep in mind that they could add new
variations in their specific replication to fit their purpose. Moreover, we emphasize that researchers will still need to analyze the
complete resulting experiment replication plan to ensure the
choices make sense. Indeed, as mentioned before, even though we
have based our example on Prechelt et al. [17][18], we did not analyze the quality of this experiment family nor the validity of its
results. Thus, readers considering pattern-based experiments
should not copy elements of the experimental design without
proper scientific reasoning about the decisions taken.
Suggestions for Improvement. Subjects also provided some
suggestions for improvement. In order to improve the model represented by OVM, S1 suggested including goals and threats to validity. However, we disagree, mainly because the experiment goals
are not very different, containing only minor changes. Regarding
threats to validity, each threat depends on the whole experiment
planning. Thus, it is not feasible to consider threats as part of a
VMA model in this stage. A suggestion of S2 was to merge the DM
with FM, like a mental map, and to develop a tool that incorporates
the models. Finally, S3 suggested a collaborative tool with links to
the artifacts. Many of these suggestions are in line with our future
work, which is briefly discussed in the next section.
The main limitations of our preliminary comparison are as follows. The first one is related to the number of subjects. Only three
subjects took part in the evaluation. However, we focused on qualitative analyses. No quantitative analysis was performed. The other
limitation regards the order of use the VMAs. We consider using
FM only in Round 2 and, in case of S1, DM is used after OVM. We
believe that there were limited learning effects, since the VMAs
used in each round represented different families and the models
5

EASE’19, April 2019, Copenhagen, Denmark
have significant differences between them. However, future evaluations will involve different designs and involve more subjects.
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