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Abstract 

Context: Systematic Literature Review (SLR) is a research methodology intended to obtain evidence from 
scientific articles stored in digital libraries. SLRs can be performed on primary and secondary studies. Although 
there are guidelines to the SLR process in Software Engineering, the SLR process is not fully and rigorously 
specified yet. Moreover, it can often be observed a lack of a clear separation of concerns between what to do 
(process) and how to do it (methods). Objective: To specify the SLR process in a more detailed and rigorous 
manner by considering different process modeling perspectives, such as functional, behavioral, organizational and 
informational. The main objective in this work is specifying the SLR activities rather than their methods. Method: 
The SPEM (Software & Systems Process Engineering Metamodel) language is used to model the SLR process 
from different perspectives. In addition, we illustrate aspects of the proposed process by using a recently conducted 
SLR on software testing ontologies. Results: Our SLR process model specifications favor a clear identification of 
what task/activities should be performed, in which order, by whom, and which are the consumed and produced 
artifacts as well as their inner structures. Also, we explicitly specify activities related to the SLR pilot test, analyz-
ing the gains. Conclusion: The proposed SLR process considers with higher rigor the principles and benefits of 
process modeling backing SLRs to be more systematic, repeatable and auditable for researchers and practitioners. 
In fact, the rigor provided by process modeling, where several perspectives are combined, but can also be inde-
pendently detached, provides a greater richness of expressiveness in sequences and decision flows, while repre-
senting different levels of granularity in the work definitions, such as activity, sub-activity and task. 

Keywords: Systematic Literature Review; Systematic Mapping; Process Modeling Perspectives; SPEM; Process 

Improvement; Software Testing Ontology 

 

1 Introduction 

A Systematic Literature Review (SLR) aims at providing an 
exhaustive evidence of relevant literature for a set of research 
questions. Initially, SLRs were conducted in Clinical Medi-
cine (Rosenberg et al. 1996). Since Kitchenham issued in 
2004 a technical report (Kitchenham 2004) about SLRs, the 
use of SLR in different scientific communities of Software 
Engineering (SE) has become more and more frequent for 
gathering evidence mainly from primary studies and, to a 
lesser extent, from secondary studies. The output document 
yielded when applying the SLR process on primary studies is 
called secondary study, while applying it on secondary stud-
ies is called tertiary study. To quote just a few examples, au-
thors in Sepúlveda et al. (2016), Tahir et al. (2016), and Tor-
recilla-Salinas et al. (2016) document secondary studies on 
diverse topics in SE, while the authors in Garousi & Mäntylä 
(2016) and Kitchenham et al. (2010b) report tertiary studies. 

Very often researchers have reused the procedures and 
guidelines proposed in Kitchenham (2004), which first were 
reviewed by Biolchini et al. (2005), and later updated by 
Kitchenham and her colleagues in 2007 (Brereton et al. 2007, 
Kitchenham & Charters 2007). More recently, by conducting 
a SLR, Kitchenham & Brereton (2013) evaluated and synthe-
sized studies published by SE researchers (including different 
types of studies, not only primary ones) that discuss about 
their experiences in conducting SLR and their proposals to 

improve the SLR process. 

Even though SLRs have become in an established meth-
odology in SE research, and there exist guidelines that help 
researchers to conduct a SLR, the SLR process itself is not 
fully and rigorously specified yet. Figure 1 depicts the pro-
cess specification made by Brereton and Kitchenham et al., 
which was totally adopted or slightly adapted by the rest of 

 

Figure 1. SLR process proposed by Kitchenham. Note that the figure’s 
style is slightly adapted from Brereton et al. (2007). 
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the SE community up to the present time. This process spec-
ification shows ‘what’ to do through its phases and steps and 
in which order –or in other words, through its processes, ac-
tivities and tasks as per Becker et al. (2015). 

However, the process in Figure 1 can be improved if we 
take into account the principles of process modeling proposed 
by Curtis et al. (1992), and used for instance in Becker et al. 
(2012). Curtis et al. describe four perspectives (views) for 
modeling a process:  

 Functional: which describes what activities should be 
carried out and what flow of artifacts (e.g., docu-
ments) is necessary to perform the activities and tasks;  

 Behavioral: which specifies when activities should be 
executed, including therefore the identification of se-
quences, parallelisms, iterations, etc.;  

 Organizational: which aims at showing where and 
who are the agents (in compliance with roles) in-
volved in carrying out the activities; and, 

 Informational: which focuses on the structure of arti-
facts produced or consumed by activities, on their in-
terrelations, etc. 

Therefore, a full process specification considering differ-
ent perspectives contributes to a clearer identification of what 
task/activities should be performed, in which order, by 
whom, and which are the consumed and produced artifacts as 
well as their inner structure.  

In addition to these four views, a methodological perspec-
tive is defined in Olsina (1998), which specifies particularly 
what constructors (i.e., methods) are assigned to the activity 
descriptions. However, we detect that there is often a lack of 
a clear separation of concerns between what to do (process) 
and how to do it (methods). Consequently, sometimes meth-
ods are included as activities in the process, such as in Ga-
rousi & Mäntylä (2016), as we discuss later on. 

Some benefits of using process modeling to strengthen the 
process specifications in general, and to strengthen the SLR 
process in particular, are: To facilitate the understanding and 

the communication, which it implies that the process model 
(with the richness that graphic representations provide) 
should be understandable for the target community; to give 

support to the process improvement, since all the fundamen-
tal perspectives of the process model are identified, which 
benefits the reutilization and the evaluation of impacts in 
front of potential changes in the process; to give support to 

process management, that is, to the planning, scheduling, and 
monitoring and control activities; to allow the process auto-

mation, which can help to provide supporting tools and to im-
prove the performance; to favor the verification and valida-

tion of the process, fostering thus the consistency, repeatabil-
ity and auditability in projects. 

Additionally, in large-scale studies, like a SLR, a pilot or 
small-scale trial often precedes the main study in order to an-
alyze its design validity. Therefore, it is very useful for re-
searchers to conduct a SLR pilot to test whether aspects of 
the SLR design (such as the search string, selection criteria 
and data extraction form) are suitable. However, we observe 
that activities related to the pilot test are not explicitly speci-

fied in current SLR process models, as it happens in the pro-
cess representation of Figure 1. 

It is important to remark that the present paper is a signif-
icantly extended version of Tebes et al. (2019a). In this work, 
we include the organizational perspective for the SLR pro-
cess, and new models from the functional and behavioral per-
spectives for some activities. Furthermore, in Tebes et al. 
(2019a) the study on software testing ontologies is illustrated 
just for the SLR pilot test. Here, we use the same study to 
illustrate fully the produced main artifacts throughout the 
SLR process. On the other hand, this work differs from Tebes 
et al. (2019b), whose focus is mainly on the analysis of the 
retrieved software testing ontologies but not on the process 
perspectives as we do in the next sections. 

Summarizing, the main contribution of this work is to aug-
ment the existing SLR process specifications, considering the 
principles and benefits of process modeling such those de-
scribed above. To this aim, we use the functional, behavioral, 
informational and organizational perspectives. Furthermore, 
we specify activities related to the SLR pilot test, which are 
often neglected in other SLR process specifications. As a re-
sult, the SLRs can be more systematic, repeatable and audita-
ble for researchers and practitioners. It is worth noting that in 
the current work, regarding those quoted benefits of process 
modeling, our SLR process specifications aim primarily at 
facilitating the understanding and communication, as well as 
at giving support to the process improvement and process 
management. However, a thorough discussion and a detailed 
illustration of process modeling for supporting fully SLR pro-
cess automation are out of the scope of this article.  

This paper is structured as follows: Section 2 addresses re-
lated work. Section 3 specifies the proposed SLR process 
considering different process modeling perspectives. Section 
4 illustrates a practical case applied to software testing ontol-
ogies from the process modeling perspectives standpoint. 
Section 5 discusses some benefits of our SLR process. Fi-
nally, Section 6 presents our conclusions and outlines future 
work.  

2 Motivation and Related Work 

One motivation for modeling the SLR process arose from cer-
tain difficulties that we faced (all the authors of this paper) 
when carrying out a SLR pilot study about software testing 
ontologies (Tebes et al. 2018, Tebes et al. 2019a). The gen-
eral objective of this pilot study was to be able to refine and 
improve aspects of the protocol design such as the research 
questions, search protocol, selection and quality criteria, 
and/or data extraction forms. Analyzing several works about 
SLR, we have observed at least three main issues. First, ac-
tivities related to the SLR pilot test are often omitted or not 
explicitly specified. Second, some aspects of the existing 
SLR processes are weakly specified from the point of view 
of the process modeling perspectives. Third, there is often a 
lack of a clear separation of concerns between what to do 
(process) and how to do it (methods). Next, we comment re-
lated work to SLR process specification where these issues 
were detected.  
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The first graphic representation of the SLR process pro-
posed by Kitchenham (Brereton et al. 2007) was outlined in 
2007 –taking into account previous works of the same authors 
(Kitchenham 2004) and other contributions such as Biolchini 
et al. (2005). It was totally adopted or slightly adapted by the 
rest of the SE community until to the present moment. Most 
of the works divide the process into three phases or stages: 
Plan Review, Conduct Review and Document Review. While 
at phase level the same three main activities are generally pre-
served (for example, in Sepúlveda et al. (2016), Tahir et al. 
(2016), Torrecilla-Salinas et al. (2016), to quote just a few 
works), at step level (sub-activities and tasks) they differ to 
some extent from each other. For example, in Tahir et al. 
(2016) three steps are modeled for phase 1: 1) Necessity of 
SLR; 2) Research questions formation; and 3) Review proto-
col formation. Note that these steps differ from those shown 
in Figure 1. Moreover, in Sepúlveda et al. (2016) five steps 
are presented for phase 1: 1) Goal and need of SLR; 2) Define 
research questions; 3) Define search string; 4) Define inclu-
sion and exclusion criteria; and 5) Protocol Validation. The 
same lack of consensus in naming and including steps is ob-
served in the abovementioned works for phase 2. Further-
more, in these works just a behavioral perspective is used to 
specify the process, so inputs, outputs and roles are not con-
sidered in these process models. 

Although the SLR pilot test activity is usually neglected, 
in Sepúlveda et al. (2016) the “Pilot selection and extraction” 
step is included in phase 2. Nevertheless, the selection and 
pilot extraction step does not iterate into –or feedback to- 
phase 1, which may help to improve SLR design aspects, as 
we model in our proposed process specification in Figure 2.  

In Garousi & Mäntylä (2016) and Irshad et al. (2018), we 
observe another adaptations or variations of the process doc-
umented in Brereton et al. (2007). In Irshad et al. (2018) the 
use of two methods called backward and forward snowball-

ing is emphasized, while in Garousi & Mäntylä (2016) the 

snowballing activity is included in the systematic review pro-
cess.  

Table 1 summarizes the analyzed features of the SLR pro-
cesses considered in this Related Work Section. 

On the other hand, it is important to remark that while 
SLRs are focused on gathering and summarizing evidence of 
primary or secondary studies, systematic mapping (SM) stud-
ies are used to structure (categorize) a research area. Accord-
ing to Marshall & Brereton (2013), a SM is a more ‘open’ 
form of SLR, which is often used to provide an overview of 
a research area by assessing the quantity of evidence that ex-
ists on a particular topic.  

In Petersen et al. (2015), authors performed a SM study of 
systematic maps, to identify how the SM process is con-
ducted and to identify improvement potentials in conducting 
the SM process. Although there are differences between 
SLRs and SMs regarding the aim of the research questions, 
search process, search strategy requirements, quality evalua-
tion and results (Kitchenham et al. 2010a), the process fol-
lowed in Petersen et al. (2015) is the same to that used for 
SLRs.  

Therefore, we can envision that our proposed process can 
be used for both SLR and SM studies. What can differ, it is 
the use of different methods and techniques for some activi-
ties and tasks, mainly for the analysis, since as mentioned 
above the aim and scope for both are not the same, as also 
analyzed in the Napoleão et al. (2017) tertiary study. 

In summary, as an underlying hypothesis, the existing gap 
in the lack of standardization of the SLR and SM processes 
currently used by the scientific communities can be mini-
mized, if we would consider more appropriately the princi-
ples and benefits of process modeling enumerated in the In-
troduction Section. 

 

Table 1. Papers analyzed in this Related Work Section considering some features of SLR process specifications. 

 Features of the Process Specifications 

Paper Functional 

perspective 

Behavioral 

perspective 

Organizational 

perspective 

Informational 

perspective 

Used Notation Pilot Test 

activities 

Biolchini et al. 2005     (*) UML  

Brereton et al. 2007     
Informal (using 
boxes and ar-

rows) 
 

Garousi & Mäntylä 2016     
Informal (with 
legend of the 

used elements) 
 

Irshad et al. 2018 (**)       
Sepúlveda et al. 2016     UML  

Tahir et al. 2016     
Informal (using 
boxes and ar-

rows) 
 

Tebes et al. 2019a     SPEM  

Torrecilla-Salinas et al. 
2016 

    
Informal (using 
circles, boxes 
and arrows) 

 

* The specification of the informational perspective is represented by a text-based work-product breakdown structure. 
** It has no graphical representation for the followed SLR process. However, authors adopt the Kitchenham & Charters (2007) process and the Wohlin 
(2014) guidelines for snowballing. 
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3 Augmented Specification of the 

SLR Process  

Considering that, there is no generalized consensus yet in the 
terminology used in the process domain, we introduce the 
meaning of some terms used in this work and then we focus 
on the SLR process specification. Note that the terms consid-
ered below (highlighted in italic) are taken from the Process 
Core Ontology (ProcessCO) documented in Becker et al. 
(2015). 

In this work, a process is composed of activities. In turn, 
an activity can be decomposed into tasks and/or into activities 
of lower level of granularity called sub-activities. A task is 
considered an atomic element (i.e., it cannot be decomposed). 
Besides, process, activity and task are considered work (en-
tity) definitions, which indicate ‘what’ to do. Every work def-
inition (process/activity/task) consumes, and modifies and/or 
produces work products. A particular work product type is 
artifact (e.g., diagrams, documents, among others). Addition-
ally, methods are resources that indicate ‘how’ to carry out 
the description of a work definition. In ProcessCO, many 

methods may be applicable to a work description. Lastly, an 
agent is a performer assigned to a work definition in compli-
ance with a role. In turn, the role term is defined as a set of 
skills (abilities, competencies and responsibilities) that an 
agent ought to own in order to perform a work definition.  

Regarding the main aim of this section, Figure 2 illus-
trates the proposed SLR process from the behavioral perspec-
tive using SPEM (OMG 2008). There are several process 
modeling languages such as BPMN (OMG 2011), SPEM and 
UML Activity Diagram (OMG 2017), which are the most 
popular in the academy and industry. Their notations are very 
similar considering different desirable features such as ex-
pressiveness (i.e., amount of supported workflow patterns), 
understandability, among others (Portela et al. 2012, Russel 
et al. 2006, White 2004). From the functional, behavioral and 
organizational perspectives, SPEM, UML and BPMN are 
suitable modeling languages that can be used. However, for 
the informational perspective, BPMN is not a suitable lan-
guage. SPEM allows to use both BPMN Business Process Di-
agram and UML Activity Diagram, among other diagrams 
like the UML Class Diagram for specifying all process per-
spectives.  

Figure 2. Behavioral perspective of the proposed SLR process. 
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Figure 3. Functional and behavioral perspectives of the proposed SLR process. 
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As seen in Figure 2, our proposed process, like the origi-
nal process (Brereton et al. 2007), has three main activities: 
(A1) Design Review, (A2) Implement Review and (A3) An-
alyze and Document Review. In turn, these activities group 
sub-activities and tasks. Note that for the Design Search Pro-
tocol sub-activity, the included tasks are shown as well, while 
not for the rest of the A1 sub-activities. It is done so inten-
tionally to communicate that sub-activities have tasks, but at 
the same time for not giving all the details in order to preserve 
the diagram legibility.  

As the reader can notice, our process specification has 
more details than other currently used models for SLRs, from 
the behavioral perspective standpoint. For example, we intro-
duce decision nodes (diamonds in Figure 2) to represent it-
erations (e.g. between Validate SLR Design and Improve 
SLR Design in A1) and to convey that some activities/tasks 
could be not performed (e.g. the Perform SLR Pilot Study 
sub-activity in A2 is optional). Consequently, our process 
helps to indicate explicitly to researchers and practitioners 
that the SLR process is not totally sequential.  

It is worth mentioning that Figure 2 shows a recom-
mended flow for the SLR process. In other words, it repre-
sents the "SLR-to-be" rather than the "SLR-as-is" process. 
We are aware that in a process instantiation there might be 
some variation points, including the parallelization of some 
tasks, and so on, as we discuss to some extent later on.  

Furthermore, aimed at enriching the process specification, 
we consider in Figure 3 the functional perspective joint to the 
behavioral perspective. Therefore, throughout the entire pro-
cess, we can see the flow of activities and the work products 
consumed and produced in each activity/task. The functional 
perspective is very important to check out which documents 
are needed to perform a task and which documents should be 
produced, serving for verification purposes as well. Unfortu-
nately, the functional perspective in the current SLR process 
proposals is often neglected.  

Considering that a SLR is a very time-consuming endeav-
our that hardly can be faced by just one person, usually sev-
eral researchers are involved playing different roles. The 
SLRs with the highest quality should have input from experts 
in the subject being reviewed, in the different methods for 

search and retrieval, in qualitative and quantitative analysis 
methods, among many other aspects. Therefore, the organi-
zational perspective to show the different roles involved in a 
SLR process can be used as represented in Figure 4.  

Among these roles, A1 includes the SLR Designer (or Re-
search Librarian) whose agent should develop comprehen-
sive search strategies and identify appropriate libraries. Also, 
this role in conjunction with the Analysis Expert Designer are 
needed for the design of the data extraction form as well as 
for the definition of potential analysis methods. The SLR 
Validator role whose agent should have expertise in conduct-
ing systematic reviews, and the Domain Expert role, which 
should be played by an agent aimed at validating the protocol 
and clarifying issues related to the topic under investigation.  

Table 2 describes the responsibilities and/or capabilities 
required by the different roles. Note that an agent can play 
different roles and, in turn, a role can be played by one or 
more agents (or even by a team). For example, in a given SLR 
the Data Collector role is frequently played by several re-
searchers since Extract Data from a Sample of Documents 
and Extract Data from all Documents sub-activities are very 
time consuming and require a lot of effort.  

In the following sub-sections, the three main activities are 
described considering their sub-activities and tasks, se-
quences, inputs and outputs, and roles, by considering the 
functional, behavioral and organizational perspectives. Addi-
tionally, to enrich the process specifications, in some cases, 
the informational perspective is used as illustrated later on. 

3.1 To Design the Review (A1) 

The main objective of the Design Review (A1) activity is to 
design the SLR protocol. To achieve this, the tasks and activ-
ities depicted in the light-blue box in Figure 3 should be per-
formed following the represented flow and the input and out-
put artifacts.  

As shown in Figure 3, the first task is to Specify Research 
Questions, which consumes the “SLR Information Need Goal 
Specification” artifact. It contains the goal purpose and the 
statement established by researchers, which guides the re-
view design. Then, from the “Research Questions”, the De-
sign Search Protocol activity is carried out. This includes the 

Table 2. Definitions of roles for the SLR process. 

Role Definition (in terms of Responsibility/Capability) 

Analysis Expert Designer 
A researcher responsible for identifying the suitable qualitative/quantitative data analysis 
methods and techniques to be used. The agent that plays this role should also be capable on 
managing documentation and visualization techniques. 

Data Analyzer Responsible for conducting the data analysis. 
Data Collector Responsible for extracting data from primary or secondary studies.  

Domain Expert 
A researcher or practitioner with knowledge, skills and expertise in a particular topic or domain 
of interest.  

Expert Communicator  
Researcher with rhetoric and oratory skills who communicates the SLR results to an intended 
community/audience. 

SLR Designer A researcher with knowledge and skills for designing and specifying SLR protocols.  

SLR Expert Researcher A researcher with knowledge and expertise in conducting SLR studies. 

SLR Performer 
A researcher with knowledge and skills for retrieving documents. The agent that plays this role 
should be expert in using search engines and document retrieval methods and techniques. 

SLR Validator A researcher with expertise in SLR for checking the suitability and validity of a SLR Design. 
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Specify Search String and Identify Metadata for Search tasks, 
as well as the Select Digital Libraries sub-activity. In turn, the 
latter includes the Define Digital Libraries Selection Criteria 
and Identify Digital Libraries tasks as represented in Figure 

5. Examples of digital libraries selection criteria can be the 
target language and the library domain, among others. Digital 
libraries’ selection can determine the scope and validity of 
the reviewers’ conclusions. As a result of the Design Search 
Protocol activity, the “Search Protocol” is obtained, which 
includes a search string consisting of terms and logical oper-
ators, the metadata on which the search will be applied (e.g. 
title and abstract) and, the selected digital libraries (e.g. IEEE, 
ACM, Springer Link, Google Scholar, among others).  

From the “Search Protocol” and “Research Questions” ar-
tifacts, it is possible to execute the Define Selection and Qual-
ity Criteria sub-activity. This produces the “Selection Crite-

ria” and “Quality Criteria” artifacts. The criteria can be indi-
cated in a checklist with the different items to be considered. 
The “Selection Criteria” documents the set of inclusion and 
exclusion criteria, i.e., the guidelines that determine whether 
an article will be considered in the review or not. Reviewers 
should ask: Is the study relevant to the review’s purpose? Is 
the study acceptable for review? To answer these questions, 
reviewers formulate inclusion and exclusion criteria. Each 
systematic review has its own goal purpose and research 
questions, so its inclusion and exclusion criteria are usually 
unique (except for a replication). However, inclusion and ex-
clusion criteria typically belong to one or more of the follow-
ing categories: (a) study population, (b) nature of the inter-
vention, (c) outcome variables, (d) time period, (e) cultural 
and linguistic range, and (f) methodological quality (Meline 

 

Figure 4. Organizational perspective of the proposed SLR process. 

 

Figure 5. Functional and behavioral perspectives for the Select Digital Libraries sub-activity.  
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2006). Note that in Figure 6 “Inclusion Criteria” and “Exclu-
sion Criteria” artifacts are part of the “Selection Criteria” ar-
tifact. 

The “Quality Criteria” documents features that allow to 
evaluate the quality of retrieved studies in A2, as well as to 
identify relevant or desirable aspects for the researchers. 
Sometimes, quality criteria are used like inclusion/exclusion 
criteria (or to build them) because are very important to select 
studies of high quality for deriving reliable results and con-
clusions (Kitchenham et al. 2004, Kitchenham & Charters 
2007). In other cases, researchers did not plan to exclude any 
studies based on the quality criteria. To use “Quality Criteria” 
as “Selection Criteria” is a critical decision because if the in-
clusion criteria are too broad, poor quality studies may be in-
cluded, lowering the confidence in the final result; but if the 
criteria are too strict, the results are based on fewer studies 
and may not be the yielded evidence generalizable (Lam & 
Kennedy 2005).  

As shown in Figure 3, the next activity is Design Data 
Extraction Form. As output, the “Template of the Data Ex-
traction Form” is yielded, whose fields are defined from the 
“Research Questions” and “Quality Criteria”. This will be 
used in A2 to collect information about each selected article. 
Note in Figure 4 that this activity is performed by the SLR 
Designer and the Analysis Expert Designer. The former 
should has knowledge and skills to design and specify the 
data extraction form, while the latter expertise to identify re-
quired data types for analysis purposes (look at the annotation 
for the Design Data Extraction Form sub-activity, in Fig 3). 
Then, all the artifacts produced until this moment should be 
validated. To validate the SLR Design implies reviewing 
such documents in order to detect problems or opportunities 
for improvement. Usually, researchers with expertise in con-
ducting SLRs perform this activity (see SLR Expert Re-
searcher and SLR Validator definitions in Table 2). As out-

come, the “SLR Protocol” document is obtained, which con-
tains all the artifacts previously produced, such as represented 
in the informational perspective in Figure 6. 

Lastly, it is worth mentioning that the “SLR Protocol” 
document may be in an approved, corrected or disapproved 
state. In the latter case, a list of “Detected Problems/Sug-
gested Improvements” should also be produced. This artifact 
will serve as input to the Improve SLR Design activity, which 
includes tasks such as Correct Research Questions, Correct 
Search String, among other tasks, in order to introduce 
changes in the “SLR Protocol”, i.e., to introduce corrections 
to improve it. Once the protocol has been corrected, the Val-
idate SLR Design activity is performed again aimed at check-
ing that the corrected protocol complies with the “SLR Infor-
mation Need Goal Specification”. Ultimately, A1 activity 
ends when the “SLR Protocol” is approved. 

3.2 To Implement the Review (A2)   

The A2 main objective is to perform the SLR. Pink box in 
Figure 3 shows the different sub-activities and tasks of A2 
together with its input and output artifacts. Note that for first-
time cases where a study is not a repeated or replicated one, 
performing first a pilot test is recommended, which is aimed 
at fitting the “SLR Protocol” produced in the A1 activity. 
Note that this concern is usually neglected or poorly specified 
in other existing SLR/SM processes. 

When the realization of a SLR pilot study (A2.1) is taken 
into account, the first task to be enacted by the SLR Per-
former is Select Digital Libraries for Pilot Study (see Figure 

7, which mainly emphasizes the flow of tasks and activities 
for the pilot study). This consists of choosing a library subset 
(usually one or two) from the “Selected Digital Libraries” ar-
tifact produced in A1. Then, the Execute Search Protocol task 
on selected libraries considering the “Search String” and the 
“Metadata for Search” is enacted. As outcome, a list of “Pilot 
Study Retrieved Documents” is produced. From this list, in 

 
Figure 6. Informational perspective for the Design Review (A1) activity. 
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Apply Selection Criteria activity, the articles are downloaded 
and filtered out considering the “Inclusion Criteria” and “Ex-
clusion Criteria”. This results in the “Pilot Study Selected 
Documents”. 

From this subset of documents, the Extract Data from a 
Sample of Documents is done by Data Collectors (see Figure 

8). This activity involves the Select Sample of Documents 
task, which can be done randomly (Kitchenham 2004). Then, 
for each document, the Extract Data from Sample task is per-
formed by using the “Template of the Data Extraction Form”. 
Note that data is extracted from only one sample since the 
aim of the pilot test is just to analyze how suitable the proto-
col being followed is. If more than one Data Collector will 
use the forms in the final review, then it is recommended that 
more than one Data Collector participate in the pilot study 
data extraction. Testing the forms by different Data Collec-
tors can be useful to find inconsistencies. 

Finally, considering all the parts that integrate the “SLR 
Protocol” artifact (Figure 6) as well as the “Forms with Pilot 
Extracted Data”, the Analyze Suitability of the SLR Design 
activity is performed by the SLR Validator and the Expert 
Domain. This analysis permits to adjust the data extraction 
form in addition to other protocol aspects such as the research 

questions, search string and/or selection criteria. For exam-
ple, a method to validate the search string is checking if a set 
of known papers is recovered among the “Pilot Study Se-
lected Documents”. When no problem is detected in the pro-
tocol, the Perform SLR activity (A2.2) is carried out. How-
ever, if a problem is detected or there is an opportunity for 
improvement, the Improve SLR Design and Validate SLR 
Design activities should be carried out again, as shown in the 
behavioral perspective specified in Figure 7. Once all the 
changes have been made and the “SLR Protocol” has been 
approved, the A2.2 sub-activity should be executed. Notice 
in Figure 7 that a new cycle of the pilot study could be per-
formed, if were necessary. 

The Perform SLR (A2.2) implies the Execute Search Pro-
tocol task taking now into account all the “Selected Digital 
Libraries”. The SLR Performer must Apply Selection Criteria 
on the “Retrieved Documents” in order to filter out those that 
do not meet the criteria defined in A1. As artifact, “Selected 
Documents” is yielded serving as input to the Add Non-Re-
trieved Relevant Studies sub-activity. This activity is usually 
performed using a citation-based searching method, for ex-
ample, the forward snowballing method (i.e., finding papers 
that cited papers found by a search process) or the backward 

 
Figure 7. Behavioral perspective for the Perform SLR Pilot Study (A2.1) activity. 

 
Figure 8. Functional and behavioral perspectives for the Extract Data from a Sample of Documents sub-activity. 
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snowballing method (i.e., looking at the references of the pa-
pers found by a search process).  

At the end, the Extract Data from all Documents activity 
is done by using the “Template of the Data Extraction Form”. 
This activity is performed by one or more Data Collectors. 
Depending on Data Collector agents’ experience, the availa-
ble resources, amount of articles, among other factors, a 
given article can be analyzed by one or two agents. In cases 
where the same article is read independently by several 
agents (as Data Collectors), the extracted data should be com-
pared and disagreements be solved by consensus among them 
or by an additional researcher, maybe by an agent that plays 
the SLR Expert Researcher role. If each document is just re-
viewed by one Data Collector agent, for example, due to time 
or resource constraints, it is important to ensure that some 
method will be used for verifying consistency. Note in Fig-

ure 3 that discrepancies should be recorded in the “Divergen-
cies Resolution Report”, as also suggested by Biolchini et al. 
(2005). Once A2 is accomplished, the “Forms with Extracted 
Data” artifact is available for the A3 activity.  

3.3 To Analyze and Document the Review (A3) 

A3 is a central activity in the entire SLR/SM process. The 
main objective of this activity is to synthesize the analysis 
results based on the available scientific evidence in order to 
draw conclusions and communicate the findings. Further-
more, considering that a SLR should be systematic, reproduc-
ible and auditable, the continuous documentation of the fol-
lowed process, applied methods and produced artifacts is a 
key issue. (Note that there are additional activities to those 
specified in Figure 2 and Figure 3, in which the management 
of a SLR project –specifically, the project planning and 
scheduling- should also take into accounts such as the docu-
mention of artifacts in all activities and control their changes 
and versions). 

Figure 3 (in gray box) shows that Analyze SLR Results is 
the first sub-activity to be performed in A3. This implies in 
turn the Design SLR Analysis sub-activity, which is per-
formed by an agent that plays the Analysis Expert Designer 
role, who is responsible for identifying the suitable data anal-
ysis methods and techniques to be used. As output, the “SLR 
Analysis Specification” is produced. Then, the Implement 
SLR Analysis sub-activity should be enacted by a Data Ana-
lyzer, who is responsible for conducting the data analysis. 
Analysis is carried out looking at the “Forms with Extracted 
Data” and “SLR Analysis Specification” artifacts. In analy-
sis, diverse measurement, evaluation, categorization and ag-
gregation methods of data as well as visualization means 
(such as tables, charts, word clouds, among others) can be 
used in order to give answer to the established research ques-
tions, e.g. to address the findings of similarities and differ-
ences between the studies, among many others. As a result, 
the “Data Synthesis” artifact is produced. The synthesis is 
usually descriptive. However, sometimes, it is possible to 
supplement a descriptive synthesis with quantitative summar-
ies through meta-analysis, using arithmetical and statistical 
techniques appropriately. 

Finally, an Expert Communicator carries out the Docu-

ment/Communicate Results sub-activity. To this end, dissem-
ination mechanisms are first established, for example, tech-
nical reports, journal and conference papers, among others. 
Then, the documents that convey the results to the intended 
community are produced. In this way, the SLR process con-
cludes. All the collected evidence and summarizations might 
be publicly available for auditability reasons. 

4 Application of the proposed SLR 

Process on Primary Studies  

In Olsina & Becker (2017), a family of evaluation strategies 
is presented. Any strategy in this approach, regardless if it is 
devoted to evaluation, testing, development or maintenance 
goal purposes, should integrate a well-established terminol-
ogy, process and method specifications. To broaden the fam-
ily, we are in the way of the development of software testing 
strategies. So first, our current aim is to build a software test-
ing domain terminology. In this direction, in Tebes et al. 
(2019a) a SLR on software testing ontologies was designed 
and documented, i.e., the A1 and A2.1 activities were carried 
out. Then, in Tebes et al. (2019b), we documented the whole 
study including the A1-A3 activities. The result allows us to 
establish the grounds for developing a top-domain software 
testing ontology that should be integrated into the conceptual 
framework already developed for existing evaluation strate-
gies. 

In order to illustrate the proposed SLR process, next, we 
introduce the rationale for our research to contextualize the 
SLR study on software testing ontologies described later on. 

4.1 Rationale for the SLR Study on Software 

Testing Ontologies 

A strategy is a core resource of an organization that defines a 
specific course of action to follow, i.e., specifies what to do 
and how to do it. Consequently, strategies should integrate a 
process specification, a method specification, and a robust 
domain conceptual base (Becker et al. 2015). This principle 
of integratedness promotes, therefore, knowing what activi-
ties are involved, and how to carry them out by means of 
methods in the framework of a common domain terminology. 
In Olsina & Becker (2017), to achieve evaluation purposes, a 
family of strategies integrating the three-abovementioned ca-
pabilities is discussed. The conceptual framework for this 
family of evaluation strategies is called C-INCAMI v.2 (Con-

textual-Information Need, Characteristic Model, Attribute, 

Metric and Indicator) (Becker et al. 2015, Olsina & Becker 
2018). 

This conceptual framework was built on vocabularies or 
terminologies, which are structured in ontologies. Figure 9 
depicts the different C-INCAMI v.2 conceptual components 
or modules, where the gray-shaded ones are already devel-
oped. The ontologies for Non-Functional Requirements 
(NFRs), NFRs view, Functional Requirements (FRs), busi-
ness goal, project, and context are defined in Olsina & Becker 
(2018), while for measurement and evaluation are in Becker 
et al. (2015). The remainder ontologies (for testing, develop-
ment and maintenance) are not built yet.  
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Bearing in mind that there are already integrated strategies 
that provide support for achieving evaluation purposes, the 
reader can assume that strategies that provide support for 
achieving testing purposes are feasible to be developed as 
well. Given that a strategy should integrate a well-established 
domain terminology, therefore, a well-specified testing strat-
egy should also have this capability for the testing domain. A 
benefit of having the suitable software testing ontology is that 
would minimize the heterogeneity and ambiguity problems 
that we currently observe in the different concepts dealing 
with testing methods and processes.  

In this direction, we conducted the SLR study on software 
testing ontologies (Tebes et al. 2019b) in order to establish 
the suitable top-domain testing ontology to be integrated into 
the C-INCAMI v.2 conceptual framework. That is, we envi-
sion populating the testing conceptual component shown in 
Figure 9 and linking it with the FRs and NFRs components. 
Next, we illustrate the A1-A3 activities presented in Section 
3 using excerpts of the Tebes et al. (2019b) study. Members 
of the GIDIS_Web research group between the end of May 
and the beginning of August 2018 performed the A1 and A2.1 
activities, while members of the ORT Uruguay research 
group helped in this stage to the validation of the SLR proto-
col. Then, members of both research groups between the end 
of October 2018 and the beginning of March 2019 performed 
the A2.2 activity. 

4.2 To Design the Review (A1) for the Software 

Testing Ontologies Study 

As observed in the functional and behavioral perspectives in 
Figure 3, to start A1, the “SLR Information Need Goal Spec-
ification” is required. In this case, the information need es-
tablishes that papers documenting software testing ontologies 
from digital libraries must be systematically analyzed.  

From the main goal established for this SLR, two “Re-
search Questions” were initially formulated, namely: (RQ1) 
What are the existing ontologies for the software testing do-
main? And, (RQ2) What are the relevant concepts, their rela-
tionships, attributes and constraints or axioms needed to de-
scribe the software testing domain? To answer RQ1 will al-
low us to identify and analyze the different existing software 

testing ontologies. The RQ2 will serve us to know the terms 
(or concepts), their relationships, attributes or properties and 
restrictions needed to specify an ontology for the testing do-
main. 

Then, the “Search Protocol” was designed. Taking into ac-
count RQ1, the following search string was initially pro-
posed: “Software Testing” AND (“Ontology” OR “Concep-

tual Base”). For this particular study, the search string was 
applied on the three selected metadata, namely: title, abstract 
and keywords. (Note that the search string could also be ap-
plied to the full-text). Finally, the selected digital libraries in-
cluded in the revision were Scopus, IEEE Xplore, ACM Dig-

ital Library, Springer Link and Science Direct.  

For the “Selection and Quality Criteria” defined in this 
case study, see WP 1.3 in Table 3. Then, based on the re-
search questions and the quality criteria, a set of fields for the 
data extraction was defined by the SLR Designer and the 
Analysis Expert Designer (see WP 1.4 in Table 3). For ex-
ample, to extract terms, properties, relationships and axioms 
from each article, the “Relevant concepts used to describe 

software testing domain” field was specified as follows (not 
shown in WP 1.4 of Table 3):  

Terms: 

   TermN: definition 

Attributes:  

   TermN (AttributeN.1=definition,  

AttributeN.2=definition, …)        

Relationships: 

   is_a (TermX_type, TermY_subtype) 

   part_of (TermX_whole, TermY_part) 

   RelationM_name (TermX, TermY): definition 

   RelationZ_without_name (TermX, TermY): definition 

Axioms or restrictions: 

Axiom: definition/specification 

The “Data Extraction Form” allows obtaining homogene-
ity between the data extracted from each document and thus 
facilitating the task of analyzing them.  

Once validated the produced artifacts, as result of A1, the 
“SLR Protocol” was obtained. Table 3 shows all the artifacts 

 
Figure 9. Conceptual components (modules) and their relationships for the C-INCAMI v.2 framework. Note that NFRs stands for Non-Functional Re-

quirements while FRs stands for Functional Requirements. 



 

Specifying the Process Model for Systematic Reviews: An Augmented Proposal Becker et al. 2019 

that integrate this document, which correspond to those spec-
ified in the informational perspective of Figure 6. 

4.3 To Implement the Review (A2) for the 

Software Testing Ontologies Study  

4.3.1 To Perform the SLR Pilot Study (A2.1)     

Looking at the activity flow shown in the behavioral perspec-
tive of Figure 2, we conducted a pilot study for analyzing the 
suitability of the “SLR Protocol”. As part of the A2.1 execu-
tion, from the “Selected Digital Libraries” in A1 (see WP 
1.2.3 in Table 3), Scopus was selected for this pilot test be-
cause it contains digital resources from various sources such 
as Elsevier, IEEE Xplore and ACM Digital Library. As result 
of carrying out the Execute Search Protocol and Apply Selec-
tion Criteria activities, 19 documents were obtained (Tebes et 

al. 2018), which were reviewed by three Data Collectors of 
the GIDIS_Web research group to Extract Data from a Sam-
ple of Documents (recall Figure 8). Once A2.1 was com-
pleted, a list of “Detected Problems/Suggested Improve-
ments” was produced and the Improve SLR Design activity 
was run (as prescribed in Figure 3 through the functional and 
behavioral perspectives). 

Table 4 shows the updates (highlighted in blue and under-
lined) that the “SLR Protocol” underwent after the pilot 
study. Next, some changes are described considering the 

“Detected Problems/Suggested Improvements” document. 

In the RQ1 research question, the “existing” term was re-
placed by the “conceptualized” term. The former term is 
broader than the latter including conceptualizations and im-
plementations of software testing ontologies. However, our 
main goal is retrieving conceptualized ontologies regardless 
whether they are implemented or not.  

On the other side, the “relevant” term in the RQ2 research 
question in Table 3 influenced negatively the number of 
terms extracted by each Data Collector. Therefore, the re-
search question was reformulated as observed in the WP 1.1 
in Table 4. In addition, the “Relevant concepts used [...]” 
field in the form (see WP 1.4) was changed for “Specified 

concepts [...]”. This change made the extraction more objec-
tive and easier to interpret than with the initial design.  

Moreover, the full reading of articles during the pilot study 
allowed us to detect that ontologies of various types were pre-
sented, such as foundational ontology, top domain ontology 
and domain ontology. Since the final aim after executing the 
SLR was to adopt, adapt or build a new top-domain ontology, 
this information turned out relevant. Consequently, a new re-
search question (RQ3 in the WP 1.1 in Table 4) and the 
“Classification of the proposed ontology” field in the “Tem-
plate of the Data Extraction Form” (see WP 1.4 in Table 4) 
were added. 

Table 3. “SLR Protocol” artifact produced in A1 for the software testing ontologies study. 
Research Questions (WP 1.1)  –Note that WP stands for Work Product 

RQ1: What are the existing ontologies for the software testing domain? 
RQ2: What are the relevant concepts, their relationships, attributes and constraints or axioms needed to describe the soft-
ware testing domain? 
Search Protocol (WP 1.2) 
Search String  
(WP 1.2.1) 

"Software Testing" AND ("Ontology" OR "Conceptual Base") 

Metadata for 

Search (WP 1.2.2) 
Title; Abstract; Keywords 

Selected Digital 

Libraries 
(WP 1.2.3) 

Scopus, IEEE Xplore, ACM Digital Library, Springer Link and Science Direct 

Selection and Quality Criteria (WP 1.3) 
Inclusion Criteria  
(WP 1.3.1) 

1) That the work be published in the last 15 years;  
2) That the work belongs to the Computer Science area;  
3) That the work documents a software testing ontology;  
4) That the document is based on research (i.e., it is not simply a "lesson learned" or an expert 
opinion). 

Exclusion Criteria 

(WP 1.3.2) 
1) That the work be a prologue, article summary or review, interview, news, discussion, reader 
letter, or poster;  
2) That the work is not a primary study;  
3) That the work is not written in English.  

Quality Criteria 
(WP 1.3.3) 

1) Is/Are the research objective/s clearly identified?  
2) Is the description of the context in which the research was carried out explicit?  
3) Was the proposed ontology developed following a rigorous and/or formal methodology?  
4) Was the proposed ontology developed considering also its linking with Functional and Non-
Functional Requirements concepts? 

Template of the Data Extraction Form (WP 1.4) 
Researcher name; Article title; Author/s of the article; Journal/Congress; Publication year; Digital library; Name of the 
proposed ontology; Relevant concepts used to describe software testing domain; Methodology used to develop the ontol-
ogy; Research context; Research objective/s; Does the proposed ontology consider its linking with Functional and Non-
Functional Requirements concepts?; Additional notes. 
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Also the search string was modified slightly (compare WP 
1.2.1 in Table 3 and Table 4) because not all search engines 
take into account variations or synonyms of the used words. 
The inclusion criterion 1 in the WP 1.3.1 (Table 3) is not very 
specific; therefore, it was modified as observed in the WP 
1.3.1 of Table 4. The full reading of articles also permitted to 
detect that some of them were different versions (or frag-
ments) of the same ontology. Therefore, exclusion criteria 5 
and 7 were added (see WP 1.3.2 in Table 4).  

On the other hand, since the searches in Scopus retrieve 
documents that belong to other digital libraries, exclusion cri-
terion 6 of the WP 1.3.2 was added to eliminate duplicates.  

Finally, we also observed that some ontologies were built 

taking into account other terminologies, which may add a 
quality factor to the new proposal. For this reason, quality 
criterion 5 was added in the WP 1.3.3 of Table 4, which im-
plies a new field in the “Template of the Data Extraction 
Form” (see “Terminologies or Vocabularies taken into ac-

count [...]” in WP 1.4). This new quality criterion may prove 
to be useful information in the construction process of any 
ontology. The reader can check the final “Template of the 
Data Extraction Form” artifact in Appendix A. 

4.3.2 To Perform the SLR (A2.2)   

Six agents (four researchers from GIDIS_Web and two re-
searchers from ORT Uruguay) performed the A2.2 activity. 

Table 4. The new “SLR Protocol” version after the Pilot Study (A2.1) activity was performed.  (Note that changes are indicated in blue and underlined 
w.r.t. that information shown in Table 3). 

Research Questions (WP 1.1) –Note that WP stands for Work Product 

RQ1: What are the conceptualized ontologies for the software testing domain? 
RQ2: What are the most frequently included concepts, their relationships, attributes and axioms needed to describe the 
software-testing domain?   
RQ3: How are existing software testing ontologies classified?   
Search Protocol (WP 1.2) 
Search String  
(WP 1.2.1) 

("Software Testing" OR "Software Test") AND ("Ontology" OR "Ontologies")   

Metadata for 

Search (WP 1.2.2) 
Title; Abstract; Keywords 

Selected Digital 

Libraries  
(WP 1.2.3) 

Scopus, IEEE Xplore, ACM Digital Library, Springer Link and Science Direct 

Selection and Quality Criteria (WP 1.3) 
Inclusion Criteria 
(WP 1.3.1) 

1) That the work be published in the last 15 years (from the beginning of 2003 until November 12, 
2018);  
2) That the work belongs to the Computer Science area or to the Software/System/Information 
Engineering areas;  
3) That the document has the ontological conceptualization of the testing domain (i.e., it is not 
simply a "lesson learned or expert opinion" or just an implementation).  

Exclusion Criteria 
(WP 1.3.2) 

1) That the work be a prologue, article summary or review, interview, news, discussion, reader 
letter, poster, table of contents or short paper (a short paper is considered to that having up to 4 
pages size);  
2) That the work is not a primary study;  
3) That the work is not written in English;  
4) That the work does not document a software testing ontology;  
5) That the ontology presented in the document be an earlier version than the most recent and 
complete one published in another retrieved document;  
6) That a same document be the result of more than one bibliographic source (i.e., it is duplicated);  
7) That the conceptualized ontology in the current document be a fragment of a conceptualized 
ontology in another retrieved document.  

Quality Criteria 
(WP 1.3.3) 

1) Is/Are the research objective/s clearly identified?  
2) Is the description of the context in which the research was carried out explicit?  
3) Was the proposed ontology developed following a rigorous and/or formal methodology?  
4) Was the proposed ontology developed considering also its linking with Functional and Non-
Functional Requirements concepts?  
5) What other terminologies of the software testing domain were taken into account to develop the 
proposed ontology? 

Template of the Data Extraction Form (WP 1.4) 
Researcher name; Article title; Author/s of the article; Journal/Congress; Publication year; Digital library; Name of the 
proposed ontology; Specified concepts used to describe software testing domain; Methodology used to develop the ontol-
ogy; Terminologies or Vocabularies taken into account to develop the proposed ontology; Classification of the proposed 
ontology; Research context; Research objective/s related to software testing ontologies; Does the proposed ontology con-
sider its linking with Functional and Non-Functional Requirements concepts?; Additional notes. 
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Figure 10 shows the Execute Search Protocol and Apply Se-
lection Criteria work definitions instantiated for the SLR pro-
ject on Software Testing Ontologies. The Execute Search 
Protocol task was performed for both research groups. Partic-
ularly, GIDIS_Web agents (green shadow in the figure) re-
trieved documents from the Scopus, ACM and IEEE Xplore 
digital libraries while, in parallel, ORT agents (orange 
shadow) retrieved documents from Springer Link and 
Science Direct digital libraries. The workload for carrying out 
the Execute Search Protocol tasks was balanced, i.e., two 
members per each group participated. The remainder two 
members of GIDIS_Web acted as Domain Expert and SLR 
Validator, who coordinated and guided to the other research-
ers throughout A2.2. Additionally, Figure 10 shows the tasks 
instantiated in this SLR project in order to perform the Apply 
Selection Criteria sub-activity. Note that these tasks are 
scheduled taking into account the Include and Exclude Crite-
ria artifacts of our project (see WP 1.3.1 and WP 1.3.2 arti-
facts in Table 4). 

It is important to remark that from the project scheduling 
standpoint, for instance, the Execute Search Protocol task in 
the generic process in Figure 3 was instantiated twice in Fig-

ure 10, considering the actual project particularities. Note 
also that the Apply Selection Criteria sub-activity is shown at 
task level in Figure 10 considering the actual project partic-

ularities. Therefore, the process models represented in Sec-
tion 3 should be customized for any specific project life cycle 
and context.  

As result of the Execute Search Protocol tasks, 731 docu-
ments were retrieved. Figure 11 shows the amount of “Re-
trieved Documents” per digital library, following the specifi-
cation of the “Search Protocol” artifact (see WP 1.2 in Table 

4).  

 
Figure 10. Instantiation of the tasks for the Execute Search Protocol and Apply Selection Criteria work definitions. Note that IC and EC stand for Inclu-

sion Criteria, and Exclusion Criteria. 

Figure 11. “Retrieved Documents” per Digital Library after performing 
Execute Search Protocol. 
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Table 5 records the number of “Selected Documents” pro-
duced after performing the Apply Selection Criteria sub-ac-
tivity. This yielded 10 selected primary studies by applying 
the different inclusion/exclusion criteria over the analyzed 
content as presented in its 1st and 2nd columns. Considering 
the initial and end states the reached reduction rate is 98.6%.  

The next activity carried out was the Add Non-Retrieved 
Relevant Studies sub-activity as depicted in Figure 3. This 
was performed just by GIDIS_Web members using two dif-
ferent methods, namely: Backward Snowballing and Prior 

Knowledge of other Research Work. Table 6 shows the “Fi-
nal Selected Documents” after enacting Add Non-Retrieved 
Relevant Studies sub-activity. This totalized 12 research pri-
mary studies after surpassing all inclusion and exclusion cri-
teria (see Table 6), namely: 10 Selected Documents plus 1 
document (PID 1000) retrieved by Backward Snowballing, 
plus 1 document (PID 1003), a Master thesis of Asman & 
Srikanth (2016) retrieved by Prior Knowledge of other Re-
search Work from the ResearchGate network by the end of 
2017.  

Table 5. “Selected Documents” after performing the Apply Selection Criteria sub-activity. Note that IC and EC stand for Inclusion Criteria, and Exclu-
sion Criteria. 

Criteria Analyzed Content Initial Studies Eliminated  Selected Documents Reduction  

IC1, IC2, EC1 Title+Abstract 731 209 522 28.5% 
EC6 (Duplicates) Title+Abstract 522 47 475 6.4% 
EC2, EC3, EC4 Full Text 475 456 19 62.3% 
IC3, EC5, EC7 Full Text 19 9 10 1.2% 

Total   721  98.6% 

Table 6. “Final Selected Documents” after performing Add Non-Retrieved Relevant Studies. 

PID Title Authors Reference Digital Library Observations 

118 
An Ontology Based Approach for Test 
Scenario Management 

Sapna P. G.; Mohanty 
H.  

Sapna & 
Mohanty 
(2011) 

Springer Link  

346 
An Ontology for Guiding Performance 
Testing 

Freitas A.; Vieira R. 
Freitas & 

Vieira 
(2014) 

ACM 
Duplicated: Scopus, 
IEEE Xplore, ACM 

347 
Regression Tests Provenance Data in 
the Continuous Software Engineering 
Context 

Campos H.; Acácio C.; 
Braga R.; Araújo M. 
A. P.; David J. M. N.; 
Campos F. 

Campos et 

al. (2017) 
ACM  

359 
Ontology-Based Test Modeling and 
Partition Testing of Web Services 

Bai X.; Lee S.; Tsai W. 
T.; Chen Y.  

Bai et al. 
(2008) 

IEEE Xplore 
Duplicated: Scopus, 
IEEE Xplore 

366 Test Case Reuse Based on Ontology 
Cai L.; Tong W.; Liu 
Z.; Zhang J.  

Cai et al. 
(2009) 

IEEE Xplore  

383 
An Ontology-Based Knowledge Shar-
ing Portal for Software Testing 

Vasanthapriyan S.; 
Tian J.; Zhao D.; 
Xiong S.; Xiang J.  

Vasant-
hapriyan 

et al. 
(2017b) 

IEEE Xplore 
Duplicated: Scopus, 
IEEE Xplore.  

397 
Ontology-based development of testing 
related tools 

Barbosa E. F.; Naka-
gawa E. Y.; Riekstin 
A. C.; Maldonado J. C. 

Barbosa et 

al. (2008) 
Scopus  

424 

Semi-automatic generation of a soft-
ware testing lightweight ontology from 
a glossary based on the ONTO6 meth-
odology 

Arnicans G.; Romans 
D.; Straujums U. 

Arnicans 
et al. 

(2013) 
Scopus  

457 
An ontology-based knowledge frame-
work for software testing 

Vasanthapriyan S.; 
Tian J.; Xiang J. 

Vasant-
hapriyan 

et al. 
(2017a) 

Scopus 
Duplicated: Scopus, 
SpringerLink 

468 
ROoST: Reference ontology on soft-
ware testing 

Souza É. F.; Falbo R. 
A.; Vijaykumar N. L. 

Souza et 

al. (2017) 
Scopus  

1000 
Developing A Software Testing Ontol-
ogy in UML for a Software Growth En-
vironment of Web-Based Applications 

Zhu H.; Huo Q. 
Zhu & 
Huo 

(2005) 
 

Retrieved from pa-
per PID 468 using 
Backward Snowball-
ing 

1003 
A Top Domain Ontology for Software 
Testing 

Asman A.; Srikanth R. 
M. 

Asman & 
Srikanth 
(2016) 

 
Retrieved by prior 
knowledge 
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Finally, the Extract Data from all Documents sub-activity 
should be performed, which has as input the “Template of the 
Data Extraction Form” (Appendix A) and the “Final Selected 
Documents” (Table 6), and as output the “Forms with Ex-
tracted Data” artifact. Appendix B shows the filled form with 
extracted data for the PID 347 article. This sub-activity must 
be performed in a very disciplined and rigorous way, being 
also very time consuming.  

The work distribution for the Extract Data from all Docu-
ments sub-activity was as follows. Two members of 
GIDIS_Web, as Data Collectors, gathered completely the re-
quired data of the 12 documents. At random, we selected 4 
out of 12 documents which were made available (by Google 
Drive) for data collection by two members at Universidad 
ORT Uruguay, but not shared with each other while gathering 
the data in order to permit later a more objective checking of 
consistency. As result of this checking to the instantiated 
forms of both groups some minor issues were raised and dis-
crepancies were consensuated via video chat. (Note that the 
data and quality extraction reliability could be evaluated. For 
example, in the study documented in Kitchenham & Brereton 
(2013), authors checked the level of agreement achieved for 
data and quality extraction. In the case of quality extraction, 
the Pearson correlation coefficient was found between the 
values for each assessor for each paper both for the number 
of appropriate questions and for the average quality score for 
each paper. In the case of data extraction, the agreement with 
respect to the study categories was assessed using the Kappa 
statistic.) 

It is worth mentioning that thanks to looking for inconsist-
encies, we detected that into the collected concepts (i.e., 
terms, properties, etc.) included in the form for the RTE-
Ontology (Campos et al. 2017) there were not only those 
software testing domain-specific terms and relationships but 
also those related to the core or high-level ontology so-called 
PROV-O (Lebo et al. 2013). Hence, we decided to document 
both in a differentiated way (by colors in the form) so, at anal-
ysis time, count only the domain related concepts accord-
ingly. For instance, there are 17 terms in Campos et al. 
(2017), but just 14 are domain-specific software testing terms 
not taken from PROV-O. A similar counting situation hap-
pened with ROoST (Souza et al. 2017), but in this case, they 
took terms from UFO (a foundational ontology built by the 
same research group). Lastly, all these raised issues during 
the Extract Data from all Documents sub-activity were doc-
umented in the “Divergencies Resolution Record” artifact.  

Ultimately, all the main SLR artifacts for this study includ-
ing the filled forms with the extracted data for the 12 “Final 
Selected Documents” can be publicly accessed at 
https://goo.gl/HxY3yL. 

 

4.4 To Analyze and Document the Review (A3) 

for the Software Testing Ontologies Study 

A3 includes two sub-activities. The first sub-activity named 
Analyze SLR Results produces the “Data Synthesis” artifact. 
To produce this artifact, playing the Analysis Expert De-
signer role, we have designed and specified a set of direct and 
indirect metrics (Olsina et al. 2013). Below, we show just the 
formulas (not their whole specifications) for some indirect 
metrics: 

%DfTr = (#DfTr / #Tr) * 100 (1) 

#Rh = #TxRh + #NoTxRh  (2) 

#TxRh = #Tx-is_a + #Tx-part_of (3) 

%DfNoTxRh = (#DfNoTxRh / #NoTxRh) * 100 (4) 

%TxCptuaLvl = (#TxRh / #Rh) * 100 (5) 

Briefly, metric’s formula (1) allows us to know the pro-
portion of defined terms (#DfTr) with regard to the number 
of terms (#Tr) in the conceptualized ontology. The metric’s 
formula (2) is devoted to calculate the number of taxonomic 
(#TxRh) and non-taxonomic relationships (#NoTxRh). Note 
that a taxonomic relationship is the sum of the inheritance 
(#Tx-is_a) relationships and the whole-part (#Tx-part_of) re-
lationships -see formula (3). The metric’s formula (4) permits 
to understand the proportion of defined non-taxonomic rela-
tionships. Finally, the metric’s formula (5) calculates the per-
centage of taxonomic conceptual-base level, which is very 
useful to determine if a conceptual base is actually an ontol-
ogy or rather a taxonomy. (Note that, for brevity reasons, we 
did not include the metric’s formula for getting the ratio of 
specified axioms.)  

 

Table 7. Metrics for Terms (Tr), Attributes (At) and Relationships (Rh) for the Campos et al. (2017) ontology. Note that Df stands for Defined; Tx for 
Taxonomic; NoTx for Non-Taxonomic; and CptuaLvl for Conceptual Level. 

PID 
Terms (Tr) Attributes (At) Relationships (Rh)  

#Tr #DfTr %DfTr #At#DfAt%DfAt#Rh#TxRh#Tx-is_a#Tx-part_of#NoTxRh#DfNoTxRh%DfNoTxRh %TxCptuaLvl 
347 14 14 100% 0 - - 16 15 14 1 1 1 100% 93.75% 

 

Figure 12. Word cloud (https://www.nubedepalabras.es/) for the recorded 
Terms from the 12 data extraction forms. Note that Attributes and Relation-

ships names are not included. Also, note that word size is related to the Term 
frequency, but Term colors have no meaning.  
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These metrics are very easy to use considering that the 
“Template of the Data Extraction Form”, particularly the 
“Specified concepts used to describe software testing do-

main” field, has a suitable design for facilitating the subse-
quent counting (see the structure of this field in Appendix A, 
and one example of its instantiation in Appendix B). Addi-
tionally, we use a table to record the measure’s values. For 
example, Table 7 shows the measures’ values for the paper 
PID 347 (Campos et al. 2017). Then, all these values are con-
sidered by the Data Analyzer to perform the analysis.  

Moreover, in this activity we use other tools for analysis 
purposes. For example, a word cloud tool for the RQ2 (What 

are the most frequently included concepts, their relation-

ships, attributes and axioms needed to describe the software 

testing domain?) is used. Figure 12 shows the word cloud 
produced from the terms retrieved from the 12 conceptual ba-
ses. 

 All the tables, charts, word cloud and measures are in-
cluded in the “Data Synthesis” and used by the Data Analyzer 
to perform the analysis. In Figure 13, we show an excerpt of 
the “Data Synthesis” produced for the software testing ontol-
ogies study. Then, using the “Data Synthesis” as input, a 
“Scientific Article” (Tebes et al. 2019b) was elaborated by 
the Expert Communicator and the Domain Expert in the Doc-
ument/Communicate Results sub-activity. In Tebes et al. 
(2019b), the full analysis is documented, where all research 
questions are answered and other issues are considered, such 
as validity threats. However, due to the page size constraints 
that a conference paper has, we are currently extending it to 
a journal format where there is less page limits. This SLR on 
software testing ontologies will be then fully documented.  

5 Discussion  

The process proposed by Kitchenham et al., which was so far 
adopted or slightly adapted by other researchers –for example 
in Sepúlveda et al. (2016), Tahir et al. (2016), Torrecilla-Sa-
linas et al. (2016)- is rather coarse-grained represented using 
only the behavioral perspective from the process modeling 
standpoint. If we compare Figure 1 with Figure 2 –where 
both are representations of the behavioral perspective-, we 

can observe, on one hand, a greater richness of expressive-
ness in sequences and decision flows in Figure 2, and, on the 
other hand, the possibility of representing different levels of 
granularity in work definitions such as activity, sub-activity 
and task. (Note that, for the reason of maintaining the sim-
plicity and legibility of the diagram in Figure 2, we have not 
specified other aspects such as iterations and parallelisms –
e.g., the parallelism that can be modeled between the Define 
Quality Criteria and Define Inclusion/Exclusion Criteria 
tasks, within the Define Selection and Quality Criteria sub-
activity in Figure 2.)  

Although the behavioral perspective is undoubtedly nec-
essary, it is usually not sufficient since it does not represent 
inputs and outputs for the different activities and tasks. For 
this reason, the functional perspective in conjunction with the 
behavioral perspective enhance the model expressiveness as 
shown in Figure 3. Furthermore, the informational perspec-
tive also enriches the SLR process specification and favors 
the understanding of the process by showing the structure of 
a given artifact. This informational perspective is illustrated 
for the “SLR Protocol” artifact in Figure 6, which is pro-
duced by the A1 activity. 

Additionally, the organizational perspective shown in Fig-

ure 4 helps to understand that in order to carry out an SLR, it 
is also necessary to cover several roles that agents (both hu-
man and automated agents) require with different skills, i.e., 
the set of capabilities, competencies and responsibilities.  

On the other hand, a key aspect to be highlighted in the 
present proposal is the modeling of the A2.1 sub-activity 
(Perform SLR Pilot Study), which gives feedback to the A1 
activity (Design Review). This pilot test activity, in the 
adapted processes of Brereton et al. (2007) is very often ne-
glected. Alternatively, if it is mentioned or considered such 
as in Brereton et al. (2007) and Sepúlveda et al. (2016), it is 
poorly specified. For example, in Sepúlveda et al. (2016), au-
thors include the Selection and Pilot Extraction activity, 
which is represented simply as a step in the A2 activity –
named phase in Sepúlveda et al. (2016)-, but it does not give 
feedback to the A1 activity (phase). So modeling the feed-
back loop is important due to it could help to improve aspects 

 
Figure 13. Fragment of the “Data Synthesis” produced in the Analyze SLR Results sub-activity. 
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of the SLR design, as we have proposed in Figure 7, and il-
lustrated its usefulness in sub-section 4.3.1, particularly in the 
improvement of the Data Extraction Form. Additionally, no-
tice that in our proposal we include both the Validate SLR 
Design sub-activity (which is represented in A1) and the Per-
form SLR Pilot Study sub-activity (which clearly must be 
represented in A2 since it contains tasks inherent to the exe-
cution of the SLR).   

In short, the main contribution of this work is to augment 
the SLR process currently and widely used by the SE scien-
tific communities. This is achieved by considering, on one 
hand, the principles and benefits of process modeling with 
greater rigor by using four modeling perspectives, namely: 
functional, behavioral, informational and organizational. 
And, on the other hand, the vision of decoupling the ‘what’ 
to do aspect, which is modeled by processes, activities, tasks, 
artifacts and behavioral aspects, from the ‘how’ to realize the 
description of work definitions, which is modeled by method 
specifications. It can be observed in the cited literature (and 
in general) a lack of separation of concerns between what to 
do (processes) and how to do it (methods).  

Although throughout Sections 3 and 4 we have indicated 
some methods applicable to SLR tasks, the emphasis in this 
work is not on the specifications of methods. This separation 
of concerns can be seen, for example, in the description of the 
Add Non-Retrieved Relevant Studies task (recall sub-section 
4.3.2), where it can be carried out by using two methods such 
as the forward snowballing and/or backward snowballing. 
However, in the process models related to this sub-activity 
(and to others) no reference is made to these methods, nor to 
any others.  

6 Conclusion  

In this work, we have documented the SLR process specifi-
cation by using process-modeling perspectives and mainly 
the SPEM language. It is a recommended flow for the SLR 
process, since we are aware that in a process instantiation 
there might be some variation points, such as the paralleliza-
tion of some tasks. It is worth noting that, regarding the 
quoted benefits of process modeling in the Introduction Sec-
tion, the proposed SLR process specifications aim primarily 
at facilitating the understanding and communication, as well 
as at giving support to the process improvement and process 
management. However, a thorough discussion and a detailed 
illustration of process modeling for supporting fully SLR pro-
cess automation have been out of the scope of this article. 

Additionally, we have highlighted the benefits and 
strengths of the proposed SLR process model compared with 
others, which are more coarse-grained specified. Finally, we 
have illustrated aspects of it by exemplifying a SLR on soft-
ware testing ontologies. One important contribution is the in-
clusion of the pilot test activity, which promotes the valida-
tion of the “SLR Protocol” artifact not only in the A1 activity 
but also in the A2.1 sub-activity. It is worthwhile to highlight 
that conducting a pilot study (not for a replicated study) can 
be very useful to improve the SLR Protocol and foster to 
some extent the quality of the evidence-based outcomes. 
Given that so far we have performed very few pilot studies, 

we have not the practical evidence to state what is the more 
effective sample size for it. In fact, Kitchenham & Charters 
(2007) neither mention the appropriate sample size due to –
they indicate- it depends on the available resources as well. 
In our humble opinion, we consider that in a pilot study, in 
addition to the sample size, it is important to select a set of 
documents (or the whole sample) and perform the data ex-
traction of each document by more than one independent data 
collector. Having more than one filled data extraction form 
for the same document allows checkings for potential incon-
sistencies in the designed artifacts. Moreover, the Data Vali-
dator (SLR Expert Researcher) and the Domain Expert are 
very important roles that should be played at least by one per-
son with expertise in order to check (jointly with the inde-
pendent data collectors) the data extraction forms for incon-
sistencies, in addition to detect opportunities for improve-
ment in the template metadata for the ulterior analysis en-
deavor, in the A3 activity. In a nutshell, we consider that sev-
eral variables may be important for making a good/effective 
pilot test. However, we would need more informed evidence 
to tackle this issue. So it is an interesting aspect that could be 
further investigated by the community. 

The proposed process model for the SLR provides a good 
baseline for understanding the details and discussing alterna-
tives or customizations to this process. In fact, the rigor pro-
vided by process modeling, where several perspectives are 
combined (e.g. functional, informational, organizational and 
behavioral), but can also be independently detached, provides 
a greater richness of expressiveness in sequences and deci-
sion flows, while representing different levels of granularity 
in the work definitions, such as activity, sub-activity and task. 

It is worth mentioning that the specified process contrib-
utes to one pillar of a well-established SLR strategy –know-
ing beforehand that a strategy should also integrate the 
method specification capability. Note that, for the same task, 
different method specifications could be applied. In conse-
quence, the life cycle of a given SLR project should organize 
activities and tasks considering not only the prescribed SLR 
process but also the appropriate allocation of resources such 
as methods and tools, among others, for achieving the pro-
posed goal. There are additional activities (to those specified 
in Figure 2) in which project planning must also take into 
account such as documenting artifacts in all activities and 
control their changes and versions. The continuous documen-
tation and versioning of artifacts are key factors to guarantee 
consistency, repeatability and auditability of SLR projects. 

As an ongoing work, we are currently developing a sup-
porting tool for this SLR process since it can be very time 
consuming and also error prone remembering and using all 
the elements that this process provides. Although a variety of 
tools is available to assist the SLR process (Marshall & 
Brereton 2013), current tools obviously do not follow our 
SLR process or do not fit well. Consequently, we are devel-
oping a tool that can help to automate part or all of our SLR 
process and its documentation, in addition to favor its useful-
ness and wide adoption. Taking into account that the main 
objective in the present work is to provide models to facilitate 
the understanding and the communication of the SLR process 
to researchers and practicioners, rather than to give support 
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to the fully SLR process automation, we will need to augment 
for instance some activity specifications at task level in addi-
tion to provide a more flexible process flow for collaborative 
work. 

On the other side, as ongoing work, we are currently fin-
ishing the development of the suitable top-domain testing on-
tology to be integrated into the C-INCAMI v.2 conceptual 
framework. To this end, we took into account those explicit 
terminologies coming not only from some of the existing pri-
mary studies, but also from official and de facto international 
standards (e.g. ISO/IEC/IEEE 29119-1:2013 
https://www.iso.org/standard/45142.html, and ISTQB 
https://www.istqb.org/downloads.html respectively), which 
are widely adopted by professional testers.    

Lastly, as a future work, we will perform a thorough 
checking if our SLR process specifications can suitably rep-
resent the SLR processes followed by other researchers. The 
outcome of this work will help us to validate our process 
specifications in a broader way. 
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APPENDIX A 

Data Extraction Form 
Researcher name Last Name (Surname), First Name 
PID - Article title  
Author/s of the article Author1_Surname, Initials_of_the_Name; Author2_Surname, Initials_of_the_Name; ... 

Journal/Congress/other Name 
Publication year  
Digital library Name (Note: If an article was repeated, indicate the name of all the libraries in which was 

found) 
Name of the proposed ontology Name and/or Acronym  

Specified concepts used to describe 

software testing domain 

Terms: 
   TermN: definition 
Attributes:  
   TermN (AttributeN.1 = definition, AttributeN.2 = definition,…)        
Relationships: 
   is_a (TermX_type, TermY_subtype) 
   part_of (TermX_whole, TermY_part) 
   RelationM_name (TermX, TermY): definition 
   RelationZ_without_name (TermX, TermY): definition 
Axioms or restrictions: 
   Axiom: definition/specification 

Methodology used to develop the 

ontology 

Name and/or Acronym   

Terminologies or Vocabularies 

taken into account to develop the 

proposed ontology 

Ontologies: name/s and/or reference/s 
Taxonomies: name/s and/or reference/s 
Glossaries/Dictionaries:  name/s and/or reference/s 

Classification of the proposed on-

tology 

Select one category:  
1- Foundational Ontology (top level)  
2- Top-Domain Ontology 
3- Domain Ontology  
4- Instance/Application Ontology  
5- Not determined by authors 

Research context  Description 
Research objective/s related to soft-

ware testing ontologies 

Description 

Does the proposed ontology con-

sider its linking with Functional 

and Non-Functional Requirements 

concepts? 

1- Yes 
0- No 

Additional notes  (This field is used for the researcher to make his/her observations or comments about some-

thing that is important to highlight) 
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APPENDIX B 

Data Extraction Form 

Researcher name Peppino, Denis H. 

PID - Article title 347 - Regression Tests Provenance Data in the Continuous Software Engineering Context 

Author/s of the article S. Campos Junior, H.; Paiva, C. A.; Braga, R.; Araújo, M. A. P.; David, J. M. N.; Campos, F. 

Journal/Congress/other Proceedings of the 2nd Brazilian Symposium on Systematic and Automated Software Testing 
(SAST), pp. 10:1 - 10:6 

Publication year 2017 

Digital library ACM 

Name of the proposed ontology RTE-Ontology 

Specified concepts used to describe 

software testing domain 

Important: See additional note #2. 
Terms: 
1. Activity 
2. TestingActivity: Groups test execution activities. 
3. TestSuiteExecution: Represents one test session. 
4. TestCaseExecution: Represents one test case. 
5. Agent 
6. Person: Represents a person in the environment. 
7. Entity 
8. TestingEnvironment: Groups classes of the testing environment. 
9. SoftwareBuild: Represents a specific build of the software. 
10. Artifact: Groups software artifacts. 
11. TestingArtifact: Groups artifacts related to testing. 
12. TestingLog: Logs generated by a test session. 
13. TestingSourceCode: Represents the source class of test cases. 
14. SoftwareArtifact: Represents artifacts not directly related to test. 
15. SourceCode: Represents software’s source code. 
16. SoftwareExecutable: Binaries used to execute the software. 
17. TestingSuite: Groups test classes. 
Attributes:  
- 
Relationships: 
is_a(Activity, TestingActivity) 
is_a(TestingActivity, TestSuiteExecution) 
is_a(TestingActivity, TestCaseExecution) 
is_a(Agent, Person) 
is_a(Entity, TestingEnvironment) 
is_a(TestingEnvironment, SoftwareBuild) 
is_a(Entity, Artifact) 
is_a(Artifact, TestingArtifact) 
is_a(TestingArtifact, TestingLog) 
is_a(TestingArtifact, TestingSourceCode) 
is_a(Artifact, SoftwareArtifact) 
is_a(SoftwareArtifact, SourceCode) 
is_a(SoftwareArtifact, SoftwareExecutable) 
is_a(Entity, TestingSuite) 
composedOf(TestingSuite, TestingSourceCode) 
covers(TestingSuite, SourceCode): represent which source code is covered by a test suite. 
wasInformedBy(Activity, Activity) 
wasAssociatedWith(Activity, Agent) 
actedOnBehalfOf(Agent, Agent) 
used(Activity, Entity) 
wasDerivedFrom(Entity, Entity) 
wasGeneratedBy(Entity, Activity) 
wasAttributedTo(Entity, Agent) 
Axioms or restrictions: 
- 

Methodology used to develop the 

ontology - 

Terminologies or Vocabularies 

taken into account to develop the 

proposed ontology 

Ontologies:  PROV-O (Lebo et al. 2013) 
Taxonomies: - 
Glossaries/Dictionaries:  - 
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Classification of the proposed on-

tology 
3- Domain Ontology  

Research context  In this paper, they propose an architecture based on the use of an ontology and provenance 
model to capture and provide regression tests data to support the continuous improvement of 
software testing processes. 

Research objective/s related to soft-

ware testing ontologies 

The main objective of this paper is to propose an approach capable of capturing and providing 
information about past executions of regression tests. To this, data provenance is used to 
achieve this goal. 

Does the proposed ontology con-

sider its linking with Functional 

and Non-Functional Requirements 

concepts? 

0- No 

Additional notes Note 1: RTE: Regression Test Execution. 
Note 2: The terms/relationships highlighted in red and underlined were not counted and not taken 
into account in the analysis activity because they belong to the PROV-O, which has core or high-
level concepts. 

 


