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Background: Experiments have been conducted in many domains of software engineering (SE). Objective: This
paper presents a metamodel, the Codex metamodel, containing standard concepts found in any coding experi-
ment. We classify coding experiments as any SE experiment where participants have to carry out coding activities
(construct, test, debug, and forth). Method: The paper presents results of an exploratory study that proposes a
metamodel for the domain of coding experiments. Besides, we present how our metamodel specifies a real coding

experiment. Results: Our metamodel for coding experiments was modeled with few elements, and it can precisely
describe all coding activities. Conclusions: Our metamodel facilitates the development of a tool to support exe-

cuting a coding experiment.

1. Introduction

In software engineering (SE), a key issue is how to develop software
and deliver it faster, better, and cheaper. Many solutions have been dis-
cussed in SE contexts for decades, such as spiral development [1], agile
development [2], and DevOps [3]. These solutions have brought many
benefits to SE. However, few empirical studies support them [4].

Since the 80’s, the SE community has been discussing how to provide
better support to empirical research, in particular to experiments [5].
Many researchers have proposed several approaches to aid experiments
in SE [6-8]. In this work, we focus only on approaches able to support
experiment specification [9-11].

Despite all the benefits provided by current approaches to support
experiment specification, they fall into same limitations. Aiming at pro-
viding support for any SE experiment, they lack features to precisely
specify specificities in a specific SE area. To illustrate, we can take
as examples two SE experiments, one on HCI (Human-computer Inter-
face) [12] and evaluating two coding techniques [13]. The former fo-
cuses on user interactions, and the relevant variables are mouse clicks
and screen records. In the following experiment, the relevant variables
are changed lines of code and time spent to develop them. In both exper-
iments, a precise specification of such information is pertinent to plan,
execute, or even replicate them. With the current approaches to spec-
ifying experiments, all the variables mentioned above are listed in the
same format (usually in natural language). It can lead to an inevitable
semantic loss [14].
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An alternative to precisely specifying experiments involving software
development are languages tailored only to describe software develop-
ment processes, such as BPMN [15], BPEL [16], and SPEM [17]. In fact,
these languages enable researchers to precisely specify all experiment
tasks involving coding activities (code, artifacts, tests, documents, and
so forth.). However, they fail in specifying relevant information con-
cerning the experiment domain such as variables and measurements. In
other words, they lack what approaches that support experiment speci-
fications have.

Despite the importance of each solution for SE experiments or soft-
ware developments, there is no standardized modeling language avail-
able for describing experiments in software development. In this paper,
we address the research question of which concepts are in common with
these two areas (SE experiment or software development) and how they
are related to each other. To this end, we investigate languages to specify
SE experiments and popular languages to specify the software develop-
ment process. Our contribution is a metamodel specifying only essential
data to execute or replicate coding experiments. Therefore, our solution
allows (partial or full) automation of some experiment procedures (such
as environment configuration and data collection).

In a previous work, we proposed a meta-ontology to specify domain-
specific ontologies for SE experiments [18]. As a proof of concept, we
proposed an ontology that was specific for coding experiments. This on-
tology merged all common concepts in approaches to specifying exper-
iments and software development. However, we noticed that each spe-
cific ontology became easily verbose and redundant. To mitigate this
limitation, we simplified the ontology. We call this new approach as


https://doi.org/10.1016/j.csi.2018.02.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csi.2018.02.003&domain=pdf
mailto:wpfn@cin.ufpe.br

W. Ferreira et al.

Table 1
Models for SE experiment scoping and planning phases.

Reference Year Paradigm
ESEML Cartaxo et al. [11] 2012 DSL
ExpDSL Freire et al. [21] 2013 DSL
Exper Ontology Garcia et al. [9] 2008 Ontology
eSEE Travassos et al. [10] 2004 Ontology

Coding Experiment metamodel (Codex metamodel). We decided to pro-
pose a metamodel instead of ontology since our approach focuses on
a specific solution domain. Therefore, the models in compliance with
our metamodel can be used by Integrated Development Environments
(IDEs) to configure and monitor coding activities [19] easier, lead to
less intrusive coding experiments, and more integrated experiments in
day to day tasks, as recommended by Wohlin [20].

The rest of the paper is composed as follows. Section 2 presents
the related work. Section 3 presents the research design. Sections 4-6
presents our metamodel proposition. Section 7 discusses our evaluation
results. Section 9 summarizes the paper and offers suggestions for fur-
ther research.

2. Related work

We classified the related work into two categories: (i) models for
SE experiments and (ii) models for software development process. The
following sections present relevant literature falling into each category.

2.1. Experiment models

In this section, we only summarize our finding focusing on charac-
teristics of interesting in our discussion. Table 1 presents the identified
MDE approaches.

ESEML (Empirical Software Engineering Modeling Language) is a
DSL and tool to specify experiment plans in SE. The authors describe
the DSL following a model also called ESEML. According to the authors,
the language enables a researcher to represent all relevant information,
while the tool allows an automated generation of experimental plans in
PDF [11].

ExpDSL (Experiment Domain-Specific Language) also comprises a
DLS and tool. However, besides supporting experiment procedure spec-
ification, the tool also monitors the experiment execution. The model
to specify experiments in ExpDSL has four views. The process view is
responsible for defining the activities, artifacts, and roles. The metric
view describes the metrics collected during the experiment execution.
The experimental plan view describes information such as the factors
or the statistical design. Finally, the questionnaire view represents all
surveys to collect quantitative and qualitative data from participants.

ExperOntology (Experiment Ontology) is an ontology whose con-
cepts were created to accommodate SE experiment representation. It
aims to facilitate the reviewing and understanding of experimental lab
packages. The ontology comprises two levels of details. The first refers
to the most general controlled experiment concepts (similar to ExpDSL’s
experimental plan view). The second level focuses only in laboratory
package. Similar to ESEML and ExpDSL, there is a tool based on this
ontology to support SE experiment execution [22]. eSEE (Experimen-
tal Software Engineering Environment) is an infrastructure to manage
knowledge about SE experiment definition, planning, execution, and
packaging. There are two critical components in this infrastructure: the
glossary and ontologies. The first aims at establishing a standard termi-
nology in experimental SE area. Ontologies represent the formalization
of the knowledge expressed in the glossary’s list of terms. Moreover, this
work has tool support [10].

All approaches presented in this section focus on describing gen-
eral experiment characteristics, such as variables, hypothesis, goals, etc.

They do not have any mechanism to specify domain-specific characteris-
tics of coding experiments in detail, such as artifact dependency, code,
and tests. A precise specification of such characteristics is fundamen-
tal to provide automatic support for coding experiments. For instance,
Miiller and Hofer [23] carried out an experiment comparing experts
and novices when using test-driven development. The previously pre-
sented approaches only are able to specify part of observed variables
(time spent in each task and changed files). However, some essential
observed variables are the number of executed test methods, and how
many of them passed or failed during the experiment execution. Such
variables are specified by the general-purpose approaches as plain text.
It is difficult to provide an automatic support to this experiment. On
other hand, this variable can be precisely specified by our solution as
we present in Section 6.2.

2.2. Software process modeling languages

Garcia-Borgonon et al. [24] performed a systematic mapping study
to identify Software Process Modeling Languages (SPML). The au-
thors identified more than 40 languages. We highlight only languages
electable to specify coding experiment characteristics:

e Business Process Modeling Notation (BPMN) is a standardized no-
tation for creating visual models of business or organizational pro-
cesses [15].

o Software Process Engineering Metamodel (SPEM) is defined as a pro-
file (UML) by the Object Management Group [17].

¢ Business Process Execution Language (BPEL) is an OASIS stan-
dard [16]. This language is an executable language for specifying
actions within business processes with web services.

All these languages were adopted by various enterprises to specify
their development process. However, regarding the experiment process
(as described by Wohlin et al. [6]), these languages may be considered
as a nemesis to the approaches presented in Section 2.1. The SPMLs are
powerful enough to specify precisely all domain-specific characteristics
in coding experiments. However, they lack means to specify information
related to some experiment concepts, such as observed variables and
treatments.

3. Research design

Considering the previous section, we conclude that there is a lack
of standard specification for SE experiments and software development
processes. Aiming at fulfilling this gap, we analyzed coding experi-
ments in literature and models for SE experiments and development pro-
cesses Borges et al. [25]. Following up from this result, (1) we elicited
meaning and developed knowledge into concepts used within both areas
and (2) we identified patterns combining the identified concepts.

3.1. Methods

To address the first point, we gathered coding experiments and
we analyzed each of them, together with the solutions presented in
Section 2. Our goal in this phase consisted in looking for how such so-
lutions are being used. As a result, we generated a set of clusters which
encapsulated all identified general concepts and their relationships. To
address the second point, we adopted an approach based on Muehlen
and Recker [26]. In this work, the authors obtained a significant set of
models to analysis. Their first step as to create an Excel spread sheet
counting the type of constructs in use per model. Each occurrence of a
construct was marked as 1, otherwise 0. This coding allowed the authors
to treat the individual models as binary strings for further analysis. In
coding effort, the authors kept track of the data sources for each model.
The resulting tables provided the basis for the application of statisti-
cal techniques such as cluster analysis, frequency analysis, covariance
analysis and distribution analysis.



W. Ferreira et al.

Our approach was similar to Zur et al., firstly we created a spread
sheet, and we recorded each information relevant to provide automatic
support to the experiment. We also recorded the relationships among
concepts. We encoded their usage with 1 or 0 (as Zur et al.). After, we
applied a hierarchical clustering on the produced data to identify con-
cepts that frequently or rarely occur together. Based on these results, we
propose the Codex metamodel.

In data mining and statistics, hierarchical clustering is a method of
cluster analysis which seeks to build a hierarchy of clusters. Strategies
for hierarchical clustering generally fall into two types: Agglomerative
and Divise. Since we are starting from coding experiment’s raw data, we
adopted Agglometative clustering. This technique follows a “bottom up”
approach: each observation starts in its own cluster, and pairs of clus-
ters are merged as one moves up the hierarchy. For instance, Wang and
Arisholm [27] conducted an experiment where subjects had to modify
legacy code. In the paper the authors wrote:

“... For each task in the experiment, the following steps were carried out:
Download and unpack a compressed directory containing the Java code to be
modified. This step was performed prior to the first maintainability task for
the coffee-machine design change tasks (c1c4), because these change tasks
were related... ”. This whole sentence was recorded and a cluster was
created for it.

In another paper, Santos et al. [28] investigated the use of God Class
in Java Projects. In this paper the authors wrote: “.. Six small programs
were used in the experiment. All of them implement familiar applications or
games in Java... /1. This sentence was also recorded along with its cluster.
After creating a cluster to all relevant information, we agglomerated
them according to their similarities. In this case, we agglomerated them
in a unique cluster named artifacts.

Depending on the research perspective, research results may have
different interpretations. Our work targets the perspective of planning
and carrying out a simple coding experiment. However, we believe that
our results are relevant to other research perspectives, such as replica-
tions, family of experiments, and meta-studies as well.

4. Modeling approach

After analyzing coding experiments in literature together with mod-
els for SE experiments and development processes, we identified eight
concept clusters:

1. standards in empirical studies: concepts shared by any empirical
study [29];
2. goal: any information describing results or possible outcomes;
. variables: all variables involved (controlled or observed) in the ex-
periment process [6];
. subject description: experiment sample concepts;
. design of experiment (DoE): concepts regarding the chosen DoE;
tasks and activities: any information describing experiment tasks;
. artifacts and instruments: any objects used to carry out an experiment
or any measurement instruments;
8. validity evaluation: any information about threats to experimental va-
lidity. More information about our clustering process can be found
in Ferreira et al. [30].

w
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All previously cited concepts must be specified in any experi-
ment [31]. However, despite their importance in SE experiments, only
some of them provide useful information for automation in coding ex-
periment procedures. After analyzing each cluster content, we identi-
fied three clusters describing useful information for coding experiment
procedure automation: variables, artifacts and instruments, and tasks and
activities.

Initially, our metamodel incorporated all concepts in each previously
mentioned cluster. They were organized in the same hierarchy level. The
spreadsheet with concepts relationships pointed out few relationships
between artifacts and instruments and tasks and activities clusters. On the
other hand, these clusters are largely related with the variables cluster.
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Fig. 1. Overview of Codex metamodel.

This information was crucial when proposing each sub-package in our
metamodel.

The following sections present the Codex metamodel concepts and
architecture. Besides, we motivate each metamodeling decision using
an illustrative running example. Finally, we take the opportunity to
point out a mutual synergy between our solution and other solutions
(Section 2).

4.1. Codex metamodel overview

Fig. 1 gives an overview of Codex metamodel. The most basic entity
in Codex metamodel is Coding Experiment. It compiles all main concepts
identified by our analysis. As said before, we observed that all relation-
ships between artifacts and instruments and tasks and activities clusters are
via the variables cluster. Therefore, we created a package comprising Ar-
tifacts and Instruments concepts, the artifact package (Section 5), and an-
other package specifically for tasks and activities concepts, task description
package (Section 6). All concepts in variables clusters were defined in-
side the two aforementioned packages, and they build a bridge between
these packages. In Fig. 1, the aux package does not define any particular
experiment concept. It supports model concepts in other packages. This
package contains the abstract class Nameable, which has only one at-
tribute name. Therefore, any nameable concept in our metamodel does
not have to define an attribute called name. It only has to extend Name-
able class. Another abstract class is Identifiable (for classes with unique
identification) and Describable (for classes with a description). Other
metamodels adopt this metamodeling pattern, such as SPEM [17] and
BPEL [16].

5. Artifact package

When carrying out a coding experiment, a fundamental information
is the artifact definition (such as source codes and tests). In a coding ex-
periment, artifacts represent any article required to carry out a coding
experiment activity. Fig. 2 presents our artifact concept representation
in Codex metamodel. As shown in Fig. 2, our metamodel classifies ar-
tifacts as Artifact Container, Simple Artifact, and Abstract Questionnaire.
Next, we present the first two artifact types (Artifact Container and Sim-
ple Artifact). Due to its complexity to describe all elements in a question-
naire, we have separated this concept in a specific package, questionnaire
package. Section 5.1 details it.

The abstract class Artifact Container represents a grouping of other
artifacts (child artifacts). There are two means to assemble artifacts to-
gether, as a Simple Container or a Project. The Simple Container assem-
bles child artifacts without any meta-information. For instance, in Stotts
et al. [32], participants had access to a zip file containing all archives
required to carry out each coding task. A Simple Container is enough
to model such cases. Another artifact arrangement is the abstract class
Project. This class assembles child artifacts according to their coding
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Fig. 2. Overview of artifact metamodel.

project characteristics in an IDE. This class has two attributes: default-
Name, it suggests an experiment project name; facet, it identifies each
facet required to configure the subject IDE environment. Some facet ex-
amples are languages (Java, C, Python, and others), frameworks (Junit,
Rails, Cucumber, and others), and infrastructures (Web development,
mobile development, and others).

The abstract class Simple Artifact represents any atomic artifact. This
class has two attributes: content which serializes the artifact content fol-
lowing base64 scheme [33] and directory structure which describes any
required structure (folder hierarchy) for an artifact. In Fig. 2, we see our
artifact classification. This classification depicts every possible artifact
role in an experiment. Our artifact classification is outlined according
to Cattaneo et al. [34] and Silva and Oliveira [35]:

Source Code comprises a collection of computer instructions, written
using a human-readable programming language, usually as ordinary
text. The attribute language identifies the source code’s programming
language (including tests).

Library represents any artifact required to compile Source Codes. Usu-
ally, such artifacts are a set of low-level routines used by a compiler
to invoke some run-time environment behaviors.

Document is an artifact to inform any crucial arrangement about the
experiment. For instance, Santos et al. [28] made a task description
available for each participant.

o Other File is any other artifact needed in any experiment task. For in-
stance, in Stotts et al. [32], the researchers provided a configuration
file to each participant to start the experiment server.

L]

Each source code class can seem like a compilation unit. In princi-
ple, a compilation unit is a section of text that can be submitted to the
compiler, to create one or more modules of a program Cormen et al.
[36]. We prefer to model this concept as a source code since there are
many programming paradigms where this definition is not valid (for in-
stance, logical paradigm). Moreover, we did not describe this concept in
a fine-grained description, since this description changes based on dif-
ferent programming paradigms. For instance, while OO programs have
classes, methods, and attributes, logical programs only have clauses and
facts.

5.1. Questionnaire package

As anticipated in the previous section, a questionnaire is a particular
artifact type. Questionnaires are one of the most common data collec-
tion means [6]. Questionnaires can both be provided in paper or elec-
tronic formatb(such as e-mail or on-line). We proposed three types of
questionnaires:

e Physical Questionnaire. Questionnaires that must be printed and
manually filled out by participants.
e Virtual Questionnaire. Questionnaires that are completed in web
pages (such as, Google Forms and Survey Monkeys).
Logical Questionnaire. In this type of questionnaire, each element
of the questionnaire must be described in detail. Fig. 3 summarizes
our metamodeling approach for basic questionnaire elements. Our
metamodel follows survey guidelines in SE [37,38].

Punter et al. [37] define a questionnaire as a set of questions orga-
nized in a systematic way for the purpose of eliciting information from
respondents. Moreover, questionnaires are classified as structured, semi-
structured, or checklist [37]. To model this variability, we proposed
the abstract class Abstract Component. Any Abstract Component subclass
shares some characteristic, such as a label. Unlike other solutions (such
as ExpDSL [21] and eSEE [10], a questionnaire component can have
more than one label. Allowing many labels for a same component allows
researchers to specify their questionnaire in different languages [39].
Next, we explain each subclass in Abstract Component.

The first Abstract Component type is Block. It comprises a set of other
Abstract Components. Block organizes and modulates questionnaires. For
instance, Santos et al. [28] used questionnaire blocks to group questions
about demography and user experience.

The most fundamental Abstract Component type is Question. Accord-
ing to Azanza et al. [40], there are more than ten question types. How-
ever, in our analysis, we observed two question types represent all ques-
tions in coding experiment questionnaires. Question types are:

e Text Answer. Such questions are designed to encourage a full, mean-
ingful answer using subject’s knowledge and feelings. The attribute
isTextBox specifies if a response should be in few words (a text field)
or a full paragraph (text box).
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e Multiple Choice Question. In such question, participants have to [0..1] parent

choose their answer within a list of possible answers. The abstract
class Choice specifies every possible answer.

Our metamodel also allows some question Constraints. The first ques-
tion constraint is Dependent Question. This constraint in a question means
that the question requires specific answers from other questions. For in-
stance, we can cite the Crime and Safety Survey Questionnaire [41]. If
the respondent is a female, she is given a Sexual Victimization Block
apart from the Base Questionnaire. The second question constraint is
Appendable Questions, which represents questions that can be answered
many times. For instance, in Santos et al. [28], the participants had to
identify classes with too much responsibilities, and for each class the
participant had to answer a set of questions.

5.2. Synergy with other solutions

Some authors proposed metamodels only to specify Artifacts. Catta-
neo et al. [34] cover Web page artifacts, and Silva and Oliveira [35] pro-
posed an artifact metamodel to represent artifact parts and their rela-
tionships. These works are a convenient way to specify coding experi-
ment artifacts. Such approaches inspired our concept of Simple Artifact
(Section 5). Some SPMLs also propose an artifact specification. BMPN
and SPEM classify artifacts according to their roles (input and output ar-
tifacts). The SPEM is the most accurate artifact representation with Frag-
mentDefinition and WorkProductDefinition [17]. These definitions sup-
ported our concept of Artifact Content and Simple Artifact.

Concerning models that support SE experiments (Section 2.1), they
usually specify artifacts as parameters or controlled variables. However,
the ExpDSL and eSEE have entities to specify coding experiment arti-
facts. In ExpDSL, there is an entity called Artifact, which comprises a
name, a description, and a type (input, output or input/output). This
representation is similar to artifact specification in BMPN and SPEM. On
the other hand, the eSEE proposed a complete sub-ontology to specify
software artifacts [10]. It details a software artifact in a fine-grained de-
scription, differentiating interfaces, functions, and attributes. We have
chosen not to follow this coding artifact description since this descrip-
tion is too bound with OO and imperative software paradigm.

To the best of our knowledge, there is no specific metamodel for
questionnaires. However, some models to support SE experiments have
some packages to specify questionnaires (Section 2.1). In ExperOn-
tology, two classes (Questionnaire and Form) specify questionnaires.
Questionnaire specifies demography data collection instruments and
Form represents other questionnaires for nondemography data collec-
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0[:; observedata : ObserveData
m order m constraint m dataTrack
& : ‘3

Fig. 4. Coding task overview.

tion [42]. eSEE designs questionnaires in a sub-ontology for qualitative
methods. Finally, ExpDSL proposes a view only for questionnaire speci-
fication. We tailored our metamodel to minimize variations among these
models. Moreover, Codex metamodel is compliant with all these mod-
els. A simple M2M transformation can map our entities into other model
entities.

6. Coding task package

According to the Software Engineering Body of Knowledge (SWE-
BOK) [43], a coding or programming activity may vary from designing,
writing, testing, debugging, and maintaining a system. Besides, activity
duration also may differ in coding experiments. For instance, a coding
inspection may be carried out on one occasion. On the other hand, writ-
ing an entire system can be executed during a much longer time span.
In such cases, researchers cannot participate in all experiment and data
collection activities.

Any coding task specification has to accommodate all possible con-
texts presented before. Aiming at such goal, we propose Task package
into Codex metamodel (Fig. 4). We defined one abstract class represent-
ing coding tasks and three sub-packages to describe them:

e Task Order Package defines how coding tasks are ordered and orga-
nized in coding experiment.

¢ Task Constraint Package specifies constraints on coding tasks, for in-
stance, maximum amount of time spent performing a coding task.

e Task Data Tracking Package blueprints what data has been collected
in each task.

The next sections detail each previously presented sub-package.
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6.1. Task order package

This sub-package specifies task description, order, and organization.
Fig. 5 presents a metamodel overview. The first abstract class is Execu-
tionGroup. This class identifies which tasks have to be executed in each
experiment trial. For instance, an experimental design AB has two Ex-
ecutionGroup, one indicating tasks treatment A and another indicating
tasks with treatment B.

In our metamodel, task order specification is a BPEL and BPMN meta-
model simplification [15,16]. Therefore, there are two action types: Cod-
ing Task and Composed Task. Coding Task specifies atomic tasks in coding
experiments. This class has an association called depends. This associa-
tion identifies if a Coding Task requires artifacts or results from other
tasks.

When participants have to perform more than one task, experi-
menters have to specify a Composed Task. This abstract class, in fact,
is only an abstraction. We proposed two concrete classes for this ab-
straction:

e Ordered Execution: In this composition, tasks follow a predetermined
execution sequence. This task composition is the most common com-
position type;

e Random Execution: This class represents executions without any pre-
determined order. Random Task executions are desirable to avoid
some experiment threats [6].

6.2. Task data tracking package

In any experiment, data tracking is fundamental to control indepen-
dent variables, as well as, to observe results in dependent variables [6].
Our metamodel allows tracking specification in most common coding
experiment data sources. Fig. 6 presents an overview of Task Data Track-
ing package.

Our metamodel specifies two data tracking means:

e DataFromAction: When data sources are participant actions. Usually,
in coding experiments, two data types are tracked from participant
actions: time stamp or involved artifacts. In our metamodel, Track
Enum enumeration represents such data tracking types: Time and
Artifact. Tracking Actions have another enumeration, Moment Enum.
This enumeration specifies which action has to be tracked:

o Editing File: Editing action in any (or a set of) Artifacts.

e Executing File: When participants execute any (or a set of) Arti-
facts.

e Executing Test: Similar to Executing File, when the participant
executes test (or set of tests).

o IDE Activity: Tracking any activity at coding development envi-
ronment.
e Completed Task: Data is tracked only at the end of a task.

o DataFromQuestionnaire: When participants provide responses to
questionnaires. The attribute allocation specifies when a question-
naire has to be administered. Moreover, each DataFromQuestionnaire
is associated to at least one Artifact Questionnaire. We detail Artifact
Questionnaire in coding experiments at Section 5.1.

6.3. Task constraints

There are some examples in literature, where some indepen-
dent variables in coding experiments may be specified as task con-
straints [13,28,44]. In our metamodel, the abstract class Task Con-
straints specifies such constraints (Fig. 7). In our analysis, we identified
three common constraints in coding experiment tasks:

e Time Constraint. Time window constraint applied in any task in a
coding experiment. It also specifies task deadlines.

e IDE Constraint. Constraint employed within the coding experiment
environment. In the current version, our metamodel only specifies
required or forbidden Eclipse plug-ins. However, some metamodel
extensions can include more constraints.

Test Constraint. Defining success on a task is not easy. In some ex-
amples in literature, researchers define a set of tests to ensure task
success. Our metamodel implemented such scenarios with Test Con-
straint. This constraint is associated with a Source Coding (or a set of)
identifying tests. Then, a participant only finishes a task when all
tests pass.

6.4. Synergy with other solutions

As stated previously, BPMN and BPEL are our task definition and
composition pillars. In principle, Abstract Task is equivalent to Activity
in BPMN. And, BPEL does not have any task representation. However,
there is a standard extension, BPEL4People [45] where Abstract Task
is equivalent WS-HumanTask. Regarding the models to specify experi-
ments, only ExpDSL and eSEE allow task definition and order. More-
over, similar to SPMLs, they are equivalent to Abstract Task. However,
a surprising finding is a lack of random task order specification in both
SPML and models to specify experiments.

Regarding data tracking, measurement is a central role in many stan-
dards and models such as ISO 15504 and ISO 12207 [46-48], includ-
ing SPML and models to specify experiments. From the methodological
perspective, software measurement is backed by a broad range of pro-
posals, like the Goal Question Metric (GQM) method [49], the Practi-
cal Software & Systems Measurement (PSM) methodology [50,60,611,
and the ISO 15539 [17] and IEEE 1061-1998 [51] standards. However,
these is no clear link between these standards and experiment concepts.
Models to specify experiments (ESEML, ExpDSL, and ExpOntology) do
not make a clear distinction between the observed variables and their
measurements. Only eSEE specifies such information in Study Structure
sub-ontology [10]. Furthermore, our measurement definition is a sim-
plification of eSEE definition.

7. Metamodel assessment

The main goal of this section is to assess our metamodel with respect
to the modeling of coding experiments from the perspective of experi-
menters. To demonstrate the expressiveness of our metamodel, we have
developed a tool to model coding experiments according to our meta-
model, Codex Modelling Tool. As stated in the introduction, this tool is
part of a platform that supports execution of coding experiments. More-
over, the Codex metamodel implements the concepts of coding experi-
ments at core.
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7.1. Assessment method

We selected three experiments as examples of coding experiments in
literature.

e Santos et al. [28]. In this experiment, researchers designed a con-
trolled experiment for investigating the concept of God Class, which
is a class or methods with high complexity. According to Fowler and
Beck [52], who introduce the concept, a God Class is a class that tries
to do a lot (i.e., it has many responsibilities and instance variables).
Moreover, Ratiu et al. [53] suggests a God Class detection technique
considering the classes that use various data from the nearby classes
having a high complexity or low cohesion between methods. Based
on this concept, the objectives of Santos et al. [28], this study is to
find empirical support to evaluate the impact of a tool in supporting
god class detection;

Accioly et al. [54]. This experiment was conducted with students
simulating a test execution environment. While executing test suites,
they collected time and reported change requests. This data was col-
lected by an Eclipse plugin developed by the authors.

Vokac et al. [13]. In this experiment, the researchers replicated the
experiment performed by Prechelt et al. [55], which investigated the
question whether it is useful (with respect to maintenance) to design
programs using design patterns, even if the actual design problem is
simpler than the one solved by the pattern. The replication sought
to increase experimental realism by using a real programming envi-
ronment instead of pen and paper, and by using paid professionals
from multiple consultancy companies as subjects.

It is important to mention that our selection also considered the
availability of documentation about experiment planning and conduc-

tion. The specifications of these experiments following our metamodel
are available on-line.!

We adopted one criterion for evaluating our metamodel, complete-
ness. This criterion analyzes whether all concepts of coding experiments
can be expressed in the Codex metamodel. For the completeness anal-
ysis, we investigated whether different aspects of the selected experi-
ments can be properly specified using our metamodel. The following
aspects from coding experiments were assessed during the specifica-
tion process: Tasks, Artifacts, and Measurements (the clusters presented
in Section 4).

8. Results

In this section, we present and discuss the results of our study.
Section 8.1 examines our findings regarding each cluster. Finally,
Section 8.2 presents a discussion about our study and how it can be
used by other researchers.

8.1. Analysis of each cluster

The modeling of controlled experiments in our study revealed that
the investigated metamodel satisfactorily addressed most of the evalua-
tion criteria. On the other hand, it also exposed improvement opportu-
nities for specific elements and aspects of the Codex metamodel.

This section presents results about the completeness criteria. We con-
sidered different experimental aspects that were modeled using Codex
metamodel. We show and discuss how to model experiments in our
metamodel. Also, we describe how the achieved results can be used to
propose improvements for our metamodel.

L https://github.com/netuh/DecodePlatformPlugin.
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Fig. 8. Example of artifact specification.

8.1.1. Artifacts

Our metamodel allowed to define all the artifacts required to per-
form coding activities in each selected experiment. Fig. 8 presents an
overview of the model for artifacts in Santos et al. [28]. Two types
of artifacts were involved in this experiment, developing projects and
questionnaires. Fig. 8.1 presents a Project (Section 5). In this case, a
Java Project which comprises each required source code (each java file).
Originally, the researchers stored on-line all experiment artifacts. How-
ever, with a Codex model, it was no longer necessary as the Codex model
stores this information together with all information required to carry
out an experiment. The same approach was adopted by Vokac¢ et al.
[13] to specify their artifacts.

Another artifact present in all selected experiments was question-
naires. Similar to previous mentioned Java artifacts, questionnaires
are also included in Codex. Moreover, this model contains data about
who and when to apply each questionnaire. Fig. 8.2 presents how the
questionnaires in Santos et al. [28] may be specified in our meta-
model. In this case, a Document represents each questionnaire. How-
ever, researchers can specify each questionnaire element (according to
Section 5.1).

8.1.2. Tasks

As we presented for artifacts, many relevant aspects of coding tasks
were also defined in our metamodel. Fig. 9 presents how the tasks in
Santos et al. [28] are modeled in our metamodel. We decided to present
the tasks in Santos et al. [28], since, in this experiment, part of the
participants had to inspect three projects without any tool support and
other three with a tool. These two set of tasks were executed in sequence.
However, the three inspections with or without the tool were randomly
executed. In Vokac et al. [13] and Accioly et al. [54], all tasks were
executed in sequence.

As can be seen in Fig. 9, the derivation execution has two sequential
tasks representing each trial in experiment design (Sequential Group 1
and Sequential Group 2). For the sake of simplicity, Fig. 9 only details
the Sequential Group 1. However, all comments about Sequential Group
1 are valid for Sequential Group 2. Moreover, each group was specified
as an OrderedExecution; each OrderedComposition comprised two Ran-
domExecution. Finally, each RandomExecution included a set of Coding
Tasks, connected with corresponding Project artifacts (Section 5).

Only Accioly et al. [54] had constraints to task execution. Fig. 10
presents how such constraints are modeled considering our metamodel.

&) Experiment.decode $2

[ff;. Resource Set

v [ platform:/resource/Experiment/model/Experiment.decode
v < Coding Experiment God Class Detection
> 4 Execution Derivations
¥ < Provided Artefacts
» <4 Java Project Chess
» <4 Java Project Monopoly
¥ <4 Java Project TicTacToe
< Java Comp Unit Jogador.java
< Java Comp Unit JogadorComputador.java
< Java Comp Unit JogoVelha.java
< Java Comp Unit Tabuleiro.java
< Java Comp Unit JogoVelhaGUl.java
<4 Other File JogoVelhaGUL.form
» < Java Project Tetris
» <4 Java Project Solitarie
» <4 Java Project Jackut
< Questionnaire Inner Data Collection

Fig. 9. Task specification in case study.
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Fig. 10. Task specification with test constraints.

As we can see, researchers can attach a test suite to a task, Test Constraint.
It means that the task may be considered as finished only when such tests
pass.

8.1.3. Measurements

In Codex metamodel, we can define measurements for each task.
During the data collection procedure definition (process element), the
researcher can choose to collect data related to dependent variables us-
ing our metamodel in different ways, such as: (i) collecting artifacts
created or changed during the experiment that should be analyzed by
the researcher; (ii) requiring participants to inform the specific data (e.g.
number of defects found) during their tasks execution in the experiment;
or (iii) including a field in a questionnaire (through cross-reference) to
be answered by the participants during the execution of the experiment.

Considering our example Santos et al. [28], Fig. 9 presents how a
researcher can specify measurements in tasks. In this experiment, two
kinds of data have to be collected, (i) time spent to finish each task and
(ii) quantity of actions executed by each participant. The first measure-
ment was specified by a DataFromAction, with Time at track field and
with IDE Activity at moment field (details in Section 6.2). Similarly, for
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the second measurement, the corresponding DataFromAction has Time
at track field, and Final Task at moment field.

The other two experiments (Accioly et al. [54] and Vokac et al. [13])
collect almost the same kind of variables. However, they also collect
the artifacts produced during the experiment execution. Therefore, their
models have an extra element: DataFromAction which is attached to Ar-
tifacts and Completed Task. As so, once the tasks are completed, all arti-
facts (produced and changed) during the task execution are part of the
results.

8.2. Discussions and lessons learned

In this section, we present and discuss lessons learned related to the
results of our study.

Appropriateness Evaluation. In our study, we have tried to address
such criterion by specifying three different experiments, among which
we modeled one replication Baldassarre et al. [56]. Given this variability
of experiments, we have modeled experiments: with diverse experimen-
tal designs and executed by different research groups. This variety of
the chosen experiments supports us to conclude that the Codex meta-
model provided an appropriated characterization for the set of modeled
experiments. However, we recognize that it is crucial to model an ex-
tensive amount of additional experiments to enlarge the variability of
experiments that can be expressed by our metamodel.

Experiment Replication. In spite there are various guidelines for re-
porting experiments, the fact that they have not been formalized ac-
cording them limits their replicability Baldassarre et al. [56], Juristo and
Vegas [57]. In collaborative experimental research, results from previ-
ous studies are needed to transfer knowledge between the involved re-
searchers. In this context, our metamodel provides a mean to formalize
the laboratory package for coding experiments and their correspondent
replicas. It is one of the tangential contributions of our approach. We be-
lieve that it could facilitate information communication and exchange
among experimenters, contributing to fill the gap related to providing
a complete experiment definition. We modeled one experiment replica-
tion, and we observed that when modeling a replica, a researcher can
reuse almost all original experiment specification. The changes are lo-
calized and related to the following actions: to add or change artifacts,
tasks, and/or measurements. We intend to systematically evaluate and
explore the Codex metamodel benefits regarding replications in our fu-
ture work.

Execution Environment. The experiment knowledge formalized with
our metamodel is used in our approach Ferreira [58] as input to an ex-
perimentation support environment. The environment allows executing
an experiment as a workflow that guides the tasks of each participant.
The environment supports some experiment functionalities:

e Experiment documentation — As said before, other approaches are
most appropriated to document an experiment in SE [30]. However,
our metamodel allows a precise description of many relevant char-
acteristics in an experiment plan. This description should provide a
formal way to store the plan of several kinds of experiments in soft-
ware engineering to increase the documentation precision. For our
execution environment, the experiment definition in Codex meta-
model itself represents this functionality.

Participant guiding — We developed a tool to aid participants in
their experiment execution. The environment guides participants
through each task that have to be performed by them. The partici-
pants have to finish one task after another (sequentially). The exper-
iment’s Codex model specifies the task order.

Data collection — Each participant produces data that are relevant
for the experiment. This data is automatically collected by the envi-
ronment, such as changed files, or project execution, test passes and
failed, and so on. Besides, the environment may provide a means
for participants to answer questionnaires (according to their specifi-
cation). Moreover, the environment is responsible for automatically
collecting the spent time for executing each experimental task.

¢ Gathering of feedback - It is fundamental to gather feedback from
participants during experiment execution. A questionnaire is a
known instrument to collect feedback. The participants are asked
to answer online feedback questionnaires according to the Codex
questionnaire definition.

Limitations. Regarding the models to specify extensive experiments
in SE. Our metamodel is able to specify all characteristics identified in
cluster. However, we should conduct interviews with researchers from
other companies and universities to try to understand their views about
these models, as well as in other fields, and carry out experiments in
practice. For instance, an information relevant to be specified is that
only code without errors or faults cannot be accepted when finishing a
task.

9. Conclusion

Our study has initially identified the need for a unified metamodel
for coding experiments since other alternatives do not have enough ex-
pressiveness. After a detailed analysis of these alternatives together with
reference to real coding experiments that have been conducted and re-
ported in literature, we have proposed a specific metamodel option:
Codex metamodel. This metamodel provides a precise panorama focus-
ing on coding experiment execution. Moreover, this metamodel identi-
fies core elements that enable an automatic support to coding experi-
ment execution. A customized model following our metamodel empha-
sizes variables, tasks, and artifacts involved when carrying out a coding
experiment. Furthermore, it may foster coding experiments since exper-
imentation is a cost-intensive empirical method. Therefore, by facili-
tating the experiment execution, researchers can focus more efforts in
improving the samples, allowing more reliable conclusions [59]. As of
now we have specifically applied the model to coding experiments with
positive results. We do not exclude that in the future the model will be
expanded to other domains as well.

As future work, we intend to develop a tool based on our metamodel.
This tool has to configure the subject environment for task execution,
as well as, collect data according to experiment specification. Finally,
we are going to replicate our case study within this tool to evaluate its
relevance in supporting coding experiments.
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