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Introduction

This book contains a selection of papers accepted for presentation and discussion at
the 2018 International Conference on Software Process Improvement (CIMPS’18).
This conference had the support of the CIMAT A.C. (Mathematics Research
Center/Centro de Investigación en Matemáticas), CUCEI (Centro Universitario de
Ciencias Exactas e Ingenierías de la Universidad de Guadalajara, Jalisco, México),
AISTI (Iberian Association for Information Systems and Technologies/Associação
Ibérica de Sistemas e Tecnologas de Informação), ReCIBE (Revista electrónica de
Computación, Informática, Biomédica y Electrónica), ROPRIN (Red de
Optimización de Procesos Industriales), ORACLE, and IBM. It took place at
CUCEI, Guadalajara, Jalisco, México, on October 17–19, 2018.

The International Conference on Software Process Improvement (CIMPS) is a
global forum for researchers and practitioners that present and discuss the most
recent innovations, trends, results, experiences, and concerns in the several per-
spectives of software engineering with clear relationship but not limited to software
processes, security in information and communication technology, and big data
field. One of its main aims is to strengthen the drive toward a holistic symbiosis
among academy, society, industry, government, and business community, pro-
moting the creation of networks by disseminating the results of recent research in
order to align their needs. CIMPS’18 was built on the successes of CIMPS’12,
CIMPS’13, CIMPS’14, which took place on Zacatecas, Zac; CIMPS’15 which took
place on Mazatlán, Sinaloa; CIMPS’16 which took place on Aguascalientes,
Aguascalientes, México; and the last edition CIMPS’17 which took place again on
Zacatecas, Zac, México.

The program committee of CIMPS’18 was composed of a multidisciplinary
group of experts and those who are intimately concerned with software engineering
and information systems and technologies. They have had the responsibility for
evaluating, in a ‘blind review’ process, the papers received for each of the main
themes proposed for the conference: organizational models, standards and
methodologies; knowledge management; software systems, applications and tools;
information and communication technologies and processes in non-software
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domains (mining, automotive, aerospace, business, health care, manufacturing, etc.)
with a demonstrated relationship to software engineering challenges.

CIMPS’18 received contributions from several countries around the world. The
papers accepted for presentation and discussion at the conference are published by
Springer (this book), and extended versions of best selected papers will be pub-
lished in relevant journals, including SCI/SSCI and Scopus-indexed journals.

We acknowledge all those who contributed to the staging of CIMPS’18 (authors,
committees, and sponsors); their involvement and support are very much
appreciated.

October 2018 Jezreel Mejia
Mirna Muñoz
Álvaro Rocha
Adriana Peña

Marco Pérez-Cisneros
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Extending ISO/IEC 29110
with Sustainability Tasks

Gabriel Alberto García-Mireles1(&)

and Miguel Ehécatl Morales-Trujillo2

1 Departamento de Matemáticas,
Universidad de Sonora, Hermosillo, Sonora, Mexico

mireles@mat.uson.mx
2 Computer Science and Software Engineering Department,

University of Canterbury, Christchurch, New Zealand
miguel.morales@canterbury.ac.nz

Abstract. Sustainability is an aspect to be considered by software development
organizations because it is believed that software systems are means to support
sustainable development. Currently, few processes, methods and tools exist to
practice sustainability design within software engineering, and they are scattered
across different application domains and life cycle stages. With the purpose of
providing a set of practices in order to address sustainability goals during
software development, this paper proposes a set of sustainability tasks to be
implemented by very small software organizations. The tasks were derived from
literature containing sustainability practices. The latter were organized as tasks
and integrated into the ISO/IEC 29110 Basic Profile processes: project man-
agement and software implementation. The proposed sustainability tasks were
initially validated against two previously reported studies on environmentally
sustainable software development.

Keywords: Environmental sustainability � Green software
Software process improvement � Sustainability tasks � ISO/IEC 29110

1 Introduction

Within software engineering (SE) community, sustainability is a topic of recent interest
as literature shows work in diverse domains and throughout software development life
cycle stages [1]. In order to address sustainability in software projects, researchers have
suggested that software developers should consider its dimensions (economic, social,
environment, at least) as well as the direct and indirect impacts on sustainable devel-
opment [2, 3].

Sustainable software is defined as follows: “software, whose impacts on economy,
society, human being, and environment that result from development, deployment and
usage of the software are minimal and/or which has a positive effect on sustainable
development” [4]. Although the SE sustainability research community suggests
focusing on all the sustainability dimensions [5], the majority of research work has
been conducted in the environmental dimension [6]. Environmental issues can also be

© Springer Nature Switzerland AG 2019
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treated as the green dimension of sustainable development [7]. In this dimension, the
strategies to follow are minimizing the use of resources as well as reducing energy
consumption.

Research in sustainability from a software engineering perspective is in its initial
stage regarding both its definition and related software development practices. On the
first issue, sustainability is treated as a quality goal [8], but it is difficult to identify its
components in order to establish appropriate indicators and measures [9]. On the issue
of sustainability practices, Chitchyan et al. [10] pointed out that software practitioners
need methodologies to carry out sustainable design within SE. Similarly, Manotas et al.
[11] mentioned that practitioners lack the necessary information and support infras-
tructure to develop green software. In addition, there are multiple factors that influence
the extent to which the sustainability can be achieved in a software product [12].
Indeed, sustainability is a systemic aspect that has multiple dimensions and requires
actions on multiple levels [5].

Considering the need of developing a systemic approach to address sustainability
during a software development life cycle, this paper suggests a set of sustainability
tasks, i.e., tasks aiming to achieve sustainability goals, based on sustainability practices
discussed in surveys, literature reviews, and papers addressing sustainability practices
with a software process focus. The sustainability tasks are presented as an extension of
the ISO/IEC 29110 Basic Profile process activities [13]. A preliminary validation was
carried out through an attempt to categorize practices from studies on green software
development by means of our proposal.

The paper is structured as follows. Section 2 describes the relevant literature about
sustainability and software processes. Section 3 briefly presents the methodology fol-
lowed in this research. Section 4 describes our proposal focusing on sustainability tasks
integrated into the ISO/IEC 29110 processes, while Sect. 5 presents an initial valida-
tion. Discussion of results is described in Sect. 6. Finally, conclusions and further work
are addressed in Sect. 7.

2 Related Work

This section provides a sustainability in SE background and briefly presents ISO/IEC
29110 to support the proposal presented herein. In this paper, the term ‘practices’ refers
to actions carried out by practitioners or those reported by case studies. ‘Activity’ and
‘task’ terms are used as defined in the ISO/IEC 29110 [13]. The former term refers to a
set of tasks while the latter describes a recommended action intended to accomplish a
process objective.

2.1 Background

SE and sustainability literature reviews reflect trends in methods and practices. In the
period from 2006 to 2012, few papers addressed this topic and researchers founding
little methodological guidance to support sustainability [14]. In a follow up study,
researchers found sustainability studies in the areas of software process, software
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design and software quality [1]. However, the authors concluded that there is little
evidence of sustainability practices validation in industrial settings [1].

In another literature review about software process and environmental sustainability
[15], the author reported few theoretical papers. In general, the selected papers focused
on identifying software life cycle stages that should address sustainability aspects
[16, 17] and on developing sustainability processes based on the ISO/IEC 12207 [18].

With regard to software life cycle proposals, Naumann et al. [16] described the
GreenSoft Model whose goals are oriented towards achieving better sustainable
development through software. This model considers both direct and indirect impacts
on environmental, social, and economic dimensions. The product life cycle consists of
development, usage, and end of life stages; however, no detailed structure of each of
them is provided. Also, the model includes an example of a software process that fits
the development stage. The description is carried out through: sustainability reviews,
process assessment, a sustainability journal (containing a log of improvement effects)
and a sustainability retrospective [16].

Taking into account the characteristics of the GreenSoft Model, Mahmoud and
Ahmad [17] proposed a software life cycle model, which involves requirements and
testing stages, for addressing green computing. In addition, each life cycle stage
consists of actions and recommendations. On the other hand, Lami et al. [18] defined
three processes based on the ISO/IEC 12207 [19]. They are: a sustainability man-
agement process, a sustainability engineering process and a sustainability qualification
process. However, these processes are discussed at a high level of abstraction in terms
of process purposes and outcomes.

A methodological support for addressing sustainability is scattered across software
development life cycle stages and until now, there are few validated proposals in
industrial settings [1, 20]. Indeed, sustainability in SE is still in an immature stage [6].
Thus, in order to organize practices addressing sustainability, we decided to present
them as an extension to ISO/IEC 29110 [13]. The sustainability should be addressed by
all software organizations and considered in all software projects [5]. Therefore, the
proposal presented herein contributes to addressing sustainability within very small
organizations. In addition, given the immature state of sustainability in SE, we believe
that the ISO/IEC 29110 Basic Profile [13] is an appropriate framework to organize
current sustainability practices.

2.2 ISO/IEC 29110 Basic Profile

The ISO/IEC 29110 Basic Profile [13] consists of two processes: project management
and software implementation, which are derived from the ISO/IEC 12207 software life
cycle process [19] taking into account very limited resources of software organizations
composed of up to 25 persons. The expected benefits of implementing ISO/IEC 29110
are an increase of customer satisfaction and product quality together with a mini-
mization of development costs.

The purpose of the project management process is to establish a plan to support
software development activities in order to fulfill expected project goals. It is consists
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of the following activities: planning, executing, assessment and control, and closure.
The purpose of the software implementation process is to systematically develop a
software product through the activities of software implementation initiation, software
requirements analysis, software architectural and detailed design, software construc-
tion, software integration and tests, and product delivery. While the project manage-
ment process consists of four activities and 26 tasks, the software implementation
process comprises six activities and 41 tasks.

3 Approach to Define a Sustainability Extension

In order to develop this proposal, the following steps were carried out:

1. Identifying relevant papers addressing sustainability related practices. In order to
provide a full view of the software process and to identify practices instead of
techniques, the papers can be gathered from systematic literature reviews, surveys
conducted in industrial settings as well as papers that address sustainability prac-
tices for more than one software life cycle stage. The selected papers are presented
in Sect. 4.

2. Mapping identified sustainability practices to ISO/IEC 29110. A template that
considers both the ISO/IEC 29110 [13] activities and tasks was developed to guide
the mapping process. Each selected paper was reviewed and text fragments
addressing a practice or recommendation were extracted. The template with process
activities was filled in with the related text fragments. The mapping was carried out
by the first author and verified by the second author. Based on the identified
sustainability practices, sustainability tasks were proposed (Tables 1 and 2).

3. Defining a sustainability related role and products. A sustainability expert role is
needed to support sustainability related practices. Their responsibilities are descri-
bed in Sect. 4. The ISO/IEC 29110 [13] products were reviewed and an enhanced
proposal is presented to include sustainability aspects (Table 3).

4. Carrying out an initial validation. The initial validation is focused on assessing to
what extent the sustainability tasks are useful for categorizing sustainability prac-
tices used in case studies or experience-based suggestions. Two papers addressing
sustainability practices during software development were selected. The first paper
provides a framework of recommended practices for developing green software,
mainly targeted for software design and construction stages [21]. The second paper
describes a case study which addresses practices for eliciting sustainability
requirements [22]. The mapping procedure was similar to the described in bullet 2,
where text fragments extracted from these two papers were labeled with corre-
sponding activities from ISO/IEC 29110. The second author verified the identifi-
cation and classification of text fragments. Issues were resolved through a virtual
peer debriefing.
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Table 1. Sustainability tasks for project management process

Activity Sustainability task References

Project planning 1. Review business and software
product goals considering
sustainability
2. Determine sustainability scope in
terms of dimensions, stakeholders,
system boundaries, and time span
3. Identify and document
sustainability risks
5. Define sustainability roles,
responsibilities and specific tasks
6. Identify sustainability training
needs
7. Review sustainability goals with
customer
8. Establish a sustainability
repository

[10–12, 17, 23, 24]

Project plan
execution

9. Analyze change requests for
sustainability goals
10. Review with development team
sustainability goals’ issues and
mitigation actions
11. Review with customer and other
stakeholders changes on
sustainability goals

[13, 20]

Project
assessment and
control

12. Evaluate project progress
considering sustainability goals
13. Establish corrective actions when
sustainability risks emerge

[17, 24]

Project closure 14. Inform customer on the extent
sustainability goals were addressed
in software product

[13, 24]

Table 2. Sustainability tasks for software implementation process

Activity Sustainability task Reference

Software
implementation
initiation

1. Review with work team sustainability goals in
current project
2. Set up the implementation environment
considering means to support sustainability

[10, 11,
13, 23]

Software requirements
analysis

3. Identify and document sustainability
requirements considering sustainability goals
4. Analyze sustainability requirements considering
their feasibility, risk, and potential interdependencies
among dimensions

[11, 17,
20, 23]

(continued)
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Table 2. (continued)

Activity Sustainability task Reference

5. Review that sustainability requirements are
consistent with product description and are testable

Software architectural
and detailed design

6. Based on sustainability dimensions addressed,
determine sustainability criteria to define the
software architecture
7. Document software architecture based on
sustainability criteria
8. Verify that software design meets sustainability
criteria and requirements
9. Develop test cases for sustainability goals

[11, 17,
20, 23,
24]

Software construction 10. Construct software components considering
sustainability criteria
11. Test software components considering
sustainability requirements

[11, 17,
20]

Software integration
and tests

12. Execute sustainability test cases
13. Determine to what extent the system achieves
sustainability goals (e.g.: develop energy profiles)

[11, 17]

Product delivery 14. Document, for maintenance activities, tools and
procedures used to achieve sustainability goals

[17, 24]

Table 3. Sustainability items to be added to existing work products

Product Sustainability related action

4. Maintenance
documentation

Add a section to describe the environment (compilers
configuration, static analysis tools, energy profiler tools, among
others) for defining sustainability requirements, energy profiles
and testing

6. Product operation
guide

The product describes criteria for operational use and it could
include sustainability scenarios and recommended operation
modes that contribute to energy efficiency or other sustainability
goals

7. Progress status
record

Include a record of actual results about sustainability goals against
planned goals

8. Project plan Include sustainability objectives of the project. Deliverables and
tasks with which sustainability goals are addressed should be
defined. Resources to address sustainability goals as well as the
required training should be described. Identify a sustainability
related repository. Identify project risks considering sustainability
in their both direct and indirect impacts as well as in the
sustainability dimensions

11. Requirements
specification

Add a section to describe sustainability requirements considering
their impacts and dimensions. Include potential interaction among
sustainability requirements and nonfunctional requirements

(continued)
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4 Sustainability Tasks Integrated into ISO/IEC 29110

The articles considered to identify sustainability practices can be classified into surveys
conducted among practitioners [10, 11, 23], proposals focused on software processes
[17, 24] and models derived from literature reviews [12, 20]. They are referenced in
Tables 1 and 2 grouped by process activities from ISO/IEC 29110 [13].

In the surveys group, Groher and Weinreich [23] presented a qualitative interview
study, targeted to software project team leaders, with the aim of understanding how
sustainability is currently managed in software development projects. The authors
identified influencing factors, problems and measures they took to improve sustain-
ability. In another qualitative study, Manotas et al. [11] conducted a survey targeted to
464 practitioners, with the purpose of identifying current practices used by software
engineers to address green SE. They provided a suggestion to develop suitable soft-
ware. On the other hand, Chitchyan et al. [10] explored the perceptions and attitudes of
requirement engineers towards sustainability. They identified concerns practitioners
faced and mitigation strategies based on sustainability design principles.

In the software process related proposals, Dick et al. [24] proposed an agile
extension to software development process to integrate sustainability practices both
into software process and software product. The proposed practices are complemented
by some tools and guidelines. Mahmoud and Ahmad [17] proposed sustainability
practices that could be addressed at requirements, design, coding and testing stages. In
addition, the authors proposed a green analysis stage to determine the greenness of each
increment of the system under development [17].

Based on literature reviews, Chitchyan et al. [12] analyzed practices in software
product line domain to understand sustainability concerns software developers deal
with. The authors grouped the factors that influence sustainability according to
dimensions and analyzed both the cross-dimensional dependencies and the influence of
stakeholders [12]. Finally, a mapping study about interactions between software quality
and environmental sustainability [20] organizes methods found in SE knowledge areas.

In addition to the roles specified in ISO/IEC 29110 [13], this proposal suggests that
a sustainability expert role is needed. This role has gathered knowledge about sus-
tainability in SE and they have the abilities to apply it in software projects. In addition,

Table 3. (continued)

Product Sustainability related action

15. Software design Include a description of the extent sustainability goals and
requirements to guide software architecture definition. Within
software components, describe sustainability aspects they support

16. Software user
documentation

In the operational environment section, it should include a
description of the way sustainability goals can be achieved with
current software version. It could include sustainability risks,
warnings and notes

17. Statement of work It should include sustainability objectives of the project
18. Test cases and test
procedures

Include in test cases and procedures the means to identify
sustainability related issues. They could consider energy profiles
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he or she is responsible for supporting the development team and project manager as
well as for keeping up the sustainability repository.

Table 1 depicts the sustainability tasks for the project management process. The
first column displays an activity from ISO/IEC 29110 while the second column shows
proposed sustainability tasks. The third column presents references. For instance, the
‘Task 6. Identify sustainability training needs’ was derived from references such as [23]
who established that “training of personnel was regarded as very important. Training
multiple persons on the topics decreases the key person risk”. Similarly, [10] suggested
that “it is necessary to educate … practitioners on the subject of sustainability design
through formal education …, practice guidelines, demonstrative examples/case studies,
and alike.”

Table 2 presents proposed sustainability tasks for software implementation process.
Task 4 “Analyze sustainability requirements considering their feasibility, risk, and
potential interdependencies among dimensions” is based on Mahmoud and Ahmad
model [17] who recommended performing risk analysis by taking into account energy
efficiency and suggesting that feasibility analysis can be of help in identifying benefits
related to improving energy efficiency. To support different sustainability goals,
García-Mireles et al. [20] reported the usage of modeling languages to identify and
analyze sustainability goals as well as the prioritization of sustainability requirements
when conflicts among sustainability goals emerge.

In this proposal, we use the same ISO/IEC 29110 [13] products to address sus-
tainability. Table 3 describes the products that need to include sustainability goals and
specifications. The product number corresponds to the number described in ISO/IEC
29110 [13]. Thus, the ISO/IEC 29110 task list tables can be used to relate products
with proposed sustainability tasks.

5 Initial Validation

To validate the feasibility of the proposed set of tasks, two papers (presented in Sect. 3,
bullet 4) were reviewed in order to identify recommended practices to address sus-
tainability and map them to proposed sustainability tasks. In the first paper [21] we
identified 30 text segments that were categorized among activities such as software
architecture and detailed design, software construction, among others (Table 4, Case
A). The recommended practices were categorized in eight sustainability tasks from

Table 4. Software implementation process activities addressed by text fragments

Case study Activity Number of text fragments

Case A Software architecture and detailed design 17
Case A Software construction 8
Case A Software implementation initiation 3
Case A Software integration and test 2
Case B Software requirements analysis 20
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Table 2 (tasks number 2, 6, 7, 8, 9, 10, 11, and 13). The tasks with more text fragments
were Task 6 (7 text fragments) and Task 10 (6 text fragments). The former task is
centered on defining the software architecture whereas the latter refers to constructing
software. An example of a text fragment for task 10 is as follows [21]: “Clean up
useless code and data. …writing to never-read variables and other useless routines
(such as repeated conditionals) might consume power purposelessly.”

In the second paper [22] we identified 20 text segments that belong to software
requirements analysis activity (Table 4, Case B). The text segments were categorized in
Task 3 (15 text segments) and Task 4 (5 text segments). Task 3 is related to the
identification and documentation of sustainability requirements considering sustain-
ability goals. Task 4 focuses on analyzing sustainability requirements with regard to
their feasibility and risk, and potential interdependencies among dimensions. An
example of a Task 3 text fragment is as follows [22]: “Online questionnaire…Our goal
was to elicit quantitative information about important aspects of sustainability
requirements from a sample of involved people which is larger than the number of meal
planners interviewed.”

6 Discussion

This study proposed a sustainability extension to the ISO/IEC 29110 Basic Profile [13].
The sustainability extension addresses 14 tasks to be included in the project manage-
ment process and the same number of tasks for addressing sustainability in the software
implementation process. In comparison with the ISO/IEC 29110 Basic Profile which
consists of 67 tasks, the 28 proposed tasks represent around 42% of new tasks.
However, our proposal gives visibility to sustainability aspects during software
development.

The theoretical proposal was validated by identifying sustainability practices in an
existing case study and a framework for developing green software. The 50 text
fragments were successfully categorized within 10 of the 14 sustainability tasks of the
software implementation process. However, we have not found any reference to sus-
tainability tasks related to the software project management process. In the literature, it
is difficult to find empirical evidence for sustainability in software project management
[1, 20]. Thus, we need to conduct empirical studies to validate the task extension
proposed herein.

Considering internal validity threats, the definition of sustainability tasks was
derived from at least two literature sources addressing similar practices. The proposed
tasks are described on an abstraction level appropriate to be included into ISO/IEC
29110 [13]. Furthermore, to mitigate the misinterpretation of the proposed sustain-
ability tasks, the second author classified text fragments. As a result, we achieved 86%
of classification agreement, and all the inconsistencies were resolved.
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7 Conclusions

Based on literature sources, this paper proposes a set of 28 sustainability tasks, which
were mapped to the ISO/IEC 29110 Basic Profile process activities. An initial vali-
dation showed that our proposal can be used to map sustainability practices. However,
this work is in an initial stage.

As future work, it is necessary to validate the sustainability tasks with research
experts in sustainability and software processes. Afterwards, the sustainability exten-
sion should be applied in case studies to assess its practical feasibility and the required
effort to implement the proposed tasks.
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Abstract. The aim of this study is to perform a Systematic Literature Mapping
(SLM) about methodologies, methods, techniques and tools used on the
development of Systematic Literature Reviews (SLR). As a result, on the
mapping, we expected to find and classify methodologies, methods, techniques
and tools commonly used on SLR. In addition, we have considered other
contexts such as, Medicine or Education with the purpose of getting multiple
methodologies, methods, techniques and tools that allow performing SLR on
efficient ways. It is mainly expected to identify techniques related to research
questions formulation and the methods used for building search strings in order
to get the higher number of studies associated to the research topic. In our study,
we found multiple methodologies, methods, techniques and tools already
implemented for performing SLRs On the mapping we describe some of them to
highlight the most used and referenced studies.

Keywords: Systematic Literature Review � Methodologies � Methods
Techniques

1 Introduction

The research, as well as other activities, should be supported by methodologies,
methods, techniques and tools among others to obtain the expected results in a sys-
tematic way. In particular, the Systematic Literature Review (SLR) in Software
Engineering domain is a case where research teams use methodologies, techniques and
tools to help them on reducing time and effort in the research [1, 2]. The SLR is a type
of secondary study [3] based on (i) the selection of primary studies of digital libraries
and repositories; (ii) the analysis of the data or evidence collected and (iii) the
preparation of the answers to the research questions.

Multiple studies have researched tools or search-strategies on a specific SLR
activity [4–6]. In fact, the study [7] is a mapping about tools used in SLRs.

In our research, we expanded the previous studies finding also methodologies,
tools, methods and techniques commonly used on SLR process. In addition, this
approach will help future researchers to work on SLR efficiently due to it will focus on
such activities that are manual and intensive such as Planning and Selection.
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In this context, the purpose of our study was to identify the methodologies,
methods, techniques and tools used in the preparation of an SLR, in different contexts
such as medicine or education. Additionally, we wanted to identify the available
techniques and tools that improve SLR performance. For this study a Systematic
Mapping of the Literature (SML) was carried out in the relevant digital databases such
as ACM Digital Library, IEEE Xplore, ProQuest, EBSCO, Emerald and Springer.

The present study is organized as follows: Sect. 2, SLR fundamentals are pre-
sented; Sect. 3, describes the methodology and the considerations used in the elabo-
ration of the research questions; Sect. 4, results are presented associated with the
research questions; and in Sect. 5, final discussion and future work are presented.

2 Systematic Literature Review Fundamentals

Systematic Literature Reviews (SLR) have recently been introduced to the context of
Software Engineering [8, 9] as a structured methodology to perform literature reviews
based on similar models from other contexts, such as education or medicine [10].

Evidence-Based Software Engineering (EBSE) guides that have been appearing in
the academic field allow to systematize a literature review setting out a scientific model,
which allows, to identify new areas of research, on deepen existing areas and generate
knowledge bases [11, 12] that will help future researches in the Software Engineering
area [13, 14].

Systematic Literature studies, such as mappings or revisions, have emerged as a
way of synthesizing part of the vast scientific evidence that is increasing as new
research in the area that occurs [8]. As it is mentioned on [15], these studies, allowing
future researchers to take a point of reference and a conceptual framework for the
development of their studies. In addition, the SLRs are useful to identify literature and
research gaps relevant in a topic of interest [1, 9]. The three main phases of an SLR
include planning, conducting and reporting [11].

3 Systematic Literature Mapping

This section presents the SLM fundamentals taken into account and its application in
this study. Also, in this section, we describe the planning of the SLM based on
guidelines proposed by Petersen described in [16], and recommendation from SLR [8,
11, 17].

3.1 Systematic Literature Mapping Fundamentals

A SLM study provides a structure of the research reports and results that have been
published using visual summary of their results [17]. It often requires less effort while
providing a more solid overview. Previously, studies of systematic mappings in
Software Engineering have been recommended mainly in the areas of research where
there is a need for relevant primary studies [11, 16].
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In addition, in order to frame the research question and define the search string, it
was used the PICO (Population, Intervention, Comparison, Outcome) criteria applied to
Software Engineering [11]. In this study, we have elaborated eight research questions
that are displayed in the Sect. 4. Finally, the Table 1 shows the principal keywords and
the Table 2 indicates the search strings elaborated.

The search strings were adapted to the specific syntax of data sources. Also,
asterisks (*) were used in the strings to obtain the greatest number of occurrences
without explicitly considering the plurals and words derived from the main concepts.
These characters allow the engines of the databases to obtain the different possible
combinations based on the base word that the asterisk refers.

Table 1. Principal keywords used based on PICO criteria

Population Systematic literature review
Intervention Techniques, practices, tools, methodology
Comparison None
Outcome Evaluation, experiences, classification

Table 2. Search strings

Data source Search string

IEEE Xplore (“Systematic Literature” OR “Literature Review”)
AND (“Methodology” OR “Protocol” OR “Guide”)
AND (“Conduct*” OR “Perform”)

ProQuest (“Systematic Literature” “Literature Review” “search engine”)
AND (Methodology protocol guide)
AND (“conduct” “search”) AND (tool*)

EBSCO (“Systematic Literature” “Literature Review”)
AND (Methodology protocol guide)
AND (“conduct” “search”) AND (Tool)

ACM Digital
Library
Emerald

(“Systematic Literature” “Literature Review” “search engine”)
AND (Methodology protocol) AND (conduct search) AND (tools)
Abstract:(“literature review” AND “perform”)
AND Anywhere(“methodology” AND “tool” AND “search”)

Springer “Methodology”
AND “Systematic Literature Review” AND (“tools” OR “technique” OR
“Conduct” OR “Perform”)
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3.2 SLM Protocol

A SLM protocol was defined to reduce the possibility of researcher bias. This protocol
described in [16], which mention several steps that help to conduct a SLM, was
structured in five main steps that included:
Step 1: Studies were selected regarding the execution of search string.
Step 2 and 3: Both steps were related to the process of including and excluding

articles using the criteria defined. Then, we analyzed the titles and
abstracts.

Step 4: Then, the review of article Introduction and Conclusion
Step 5: At the end of the review, the final articles were verified by peer review

to evaluate their exclusion or inclusion in our research

The exclusion and inclusion criteria considered were:

• Inclusion criteria: We have considered academic articles with methodological
support (controlled experiments, case studies, and systematic reviews, systematic
mapping or others). In addition, we included studies extracted from the mentioned
digital databases. Studies will be accepted if in their content propose techniques,
guides or methods to conduct an SLR (mainly, the preparation of research questions
and search strings). Studies that present cases of success in the use of alternative
techniques or protocols were also included.

• Exclusion criteria: We have not considered duplicate studies. Additionally, articles
that are contained in subsequent articles were also excluded. Also, we didn’t
consider studies that are not part of the following types of publications: journals,
conferences and digital databases. In addition, studies that mention techniques or
procedures that do not present concrete results are omitted. Studies whose title is
irrelevant or outside the context of the SLR were excluded. Finally, tertiary studies
and conference abstracts weren’t considered.

3.3 Quality Assessment

Quality assessment of this SLM followed 11 criteria defined by [18] based on [19]. The
following are the criteria used in the quality assessment:

• Is this study based on research?
• Is there a clear statement of the aims of the research?
• Is there an adequate description of the context?
• Was the study design appropriate to address the aims of the research?
• Was the selection strategy appropriate to the aims of the research?
• Was there a control group for comparing treatments?
• Was the data collected in a way that addressed the research aims?
• Was the data analysis rigorous enough?
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