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Abstract
[Context:] Software testing is essential for all software development, and techniques and criteria have been

proposed to ensure its quality in different application domains. [Objective:] This survey aims at the identification
of software testing practices in Brazilian industries, towards an overview of the latest testing techniques, selection
processes, challenges faced, tools and metrics used by testers. [Methodology:] Survey questions were carefully
designed for providing relevant information to both industry and academy and evaluated by testers for improving
the quality of the survey. [Results and Conclusions:] Our study provides insights into the current software testing
practices in Brazilian software companies. The results show testers select a testing technique according to the project
scope under development; however, most companies have shown a lack of importance and priority regarding to the
testing activity. Some challenges raised will foster new research topics, outlined by the needs faced by testers in
practice.
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1 Introduction
Software testing is applied to the industry to assure quality
through a direct analysis of the software in execution and
provides realistic feedback on software behavior, thus com-
plementing other techniques. Beyond the apparent straight-
forwardness of the checking of a sample of runs, software
testing embraces a variety of activities, techniques, and ac-
tors, and poses many complex challenges (Bertolino, 2007).
Testing is indispensable for all software development and

an integral part of software engineering, in which efforts are
made towards a running program with a few possible inputs,
thus checkingwhether the program behaves as specified. The
number of possible inputs can be infinite for most programs,
thus the challenge is to use a reasonable and cost-effective
number of tests while also maximizing the test suite’s fault
detection capability.
Surveys have receivedmuch attention in research and prac-

tice as a tool to systematically analyze opinions, experiences,
and expectations among the population studied (Torchiano
et al., 2017). A survey is a method for the collection and
summarization of evidence from a large representative sam-
ple of an overall population of interest (Molléri et al., 2016).
In software engineering, surveys are one of the most com-
mon research methods for empirical investigations (Kasunic,
2005). The literature reports several surveys related to soft-
ware testing practices in different countries, such as Australia
(Ng et al., 2004), Canada (Geras et al., 2004; Garousi and
Varma, 2010; Garousi and Zhi, 2013), Sweden (Engström
and Runeson, 2010), and Brazil (Dias-Neto et al., 2017).
According to Wohlin et al. (2011), the collaboration be-

tween industry and academia can provide improvement and
innovation in the industry and helps to guide new academic
research. Therefore, we conducted a survey of Brazilian com-
panies to identify software testing practices, gain knowledge,

and obtain an overview of the latest testing techniques, se-
lection processes, challenges faced, tools, and metrics used
by testers. The key motivation is to collect evidence about
how practitioners conduct the testing activity, how they se-
lect testing techniques to apply to a particular project and we
raised the main challenges faced by practitioners bringing
important results so that the software testing community can
engage and develop new solutions.
This study portrays the software testing scenario in Brazil-

ian technology companies and provides relevant information
towards benefiting testers and fostering new research topics.
The survey includes responses from 185 testing practition-
ers. It has detected the main trends in the software testing
industry and areas of strengths and weaknesses. As a result,
Brazilian software companies perform more testing related
to the system level, which demonstrates concern about test-
ing the product only in the final phase of development. The
testing technique selection process is conducted by different
positions in a company, and a systematic process must be de-
fined to aid decision-making. Functional and structural test-
ing are the most common testing techniques due to their high
efficiency. Selenium is the most used testing tool to automate
the system testing task. The proportion of testers in Brazilian
software industries is usually much smaller in relation to the
number of developers in the companies, which may not be an
ideal scenario, since a tester applies tests to check the quality
of the developers’ work. Most companies (78%) do not de-
velop research on testing activity. Our study has summarized
the main challenges indicated by the respondents regarding
the execution of testing activities (e.g., Lack of importance
and priority of the testing activity, Lack of knowledge and
training, Automation process, Tools, Schedule).
The remainder of the paper is structured as follows: Sec-

tion 2 presents some concepts of software testing; Section 3
discusses some related work on testing practices; Section 4
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describes the survey methodology, goal, design, execution,
and sample size; Section 5 reports on a detailed analysis of
the results; Section 6 is devoted to amore in-depth discussion
of our findings; Section 7 addresses the threats to validity; fi-
nally, Section 8 provides the conclusions.

2 Background

To identify and eliminate faults present in the software prod-
uct, VV&T - Verification, Validation, and Testing activities
aim to ensure the quality of the software produced. Software
testing aims to detect faults and analyze if the software runs
as expected (Myers et al., 2011).
According to Abran et al. (2004), software testing is usu-

ally performed at different levels throughout the develop-
ment and maintenance processes. The categorization of lev-
els is based on either the object of testing (target), or the pur-
pose (objective). SWEBOK divides the testing target into
three levels (e.g., unit, integration, and system). Moreover,
testing is applied because of specific objectives, which are
more or less explicitly stated and show varying degrees of
precision. The objective of testing includes, but is not limited
to, reliability measurement, identification of security vulner-
abilities, usability evaluation, and software acceptance, for
which different approaches can be employed (Bourque et al.,
2014).
For each testing level, specific testing techniques can be

applied. The mainly testing techniques categories described
at SWEBOK, according to the information used to derive test
cases are: functional, structural and fault-based testing.
Structural or white-box testing operates at a low-level de-

sign and implementable code and is applied at all levels of
the system development (e.g., unit, system, and integration
testing) (Saglietti et al., 2008).
Functional or black-box testing is based solely on require-

ments and specifications. It requires no knowledge of the in-
ternal paths, structure, or implementation of the software un-
der test (Copeland, 2004).
Mutation testing is a commonly used fault-based tech-

nique that uses knowledge about common mistakes made by
developers to generate mutant programs, which are similar
to the original but with minor syntactical changes produced
by the mutant operators (Delamaro et al., 2017).
Testing techniques provide standards for the systematic de-

sign of test cases that exercise both the internal logic of soft-
ware components and their input and output domains (Myers
et al., 2011).
Vegas and Basili (2005) claim that the choice of a testing

technique to be adopted in a software testing project is mainly
based on the knowledge of the test practitioner and often does
not consider all testing techniques available in academia.
Aiming at understanding the gap between academia and

industry related to knowledge and application of testing ap-
proaches, previous studies conducted surveys, which bring
finds about software testing practices from different coun-
tries in real software development environments (Geras et al.,
2004; Groves et al., 2000; Dias-Neto et al., 2017; Garousi and
Zhi, 2013).

3 Related work
This section discusses some work on software testing prac-
tices that have contributed to our research and collection of
data on software testing practices in Brazilian companies.
Geras et al. (2004) conducted a regional survey on soft-

ware testing and software quality assurance techniques in the
province of Alberta. The results show software organizations
tend to train low personnel on testing-related topics. Such a
practice exerts a two-fold impact, i.e., it detects trends, which
reduces and identifies quality causes (e.g., lack of testing),
and reveals the difficult adoption of methodologies (e.g., ex-
treme programming) by organizations. Differently from their
study, our survey includes all companies located in Brazil
and aims at a better understanding of the selection of testing
techniques.
Another survey into software testing practices was con-

ducted by Ng et al. (2004) in Australian industries. It focused
on five significant aspects of software testing, namely testing
methodologies and techniques, automated testing tools, soft-
ware testing metrics, testing standards, and software testing
training and education. The results enabled the development
of practices in software testing and some observations and
recommendations for the future of software testing in Aus-
tralia for both industry and academia. Our study aims to un-
derstand topics such as selection testing technique processes
and identify challenges faced by testers
Towards an understanding of the regression testing prac-

tices in Sweden, Engström and Runeson (2010) conducted a
qualitative survey with 15 industries and validated the out-
comes in an online questionnaire with 32 respondents. The
main finding was regression testing practices significantly
vary among organizations at different stages of a project. The
survey also highlighted the importance and challenges of au-
tomation. Our study presents findings related to general test-
ing issues, rather than specific to regression testing.
Garousi and Varma (2010) replicated a survey into soft-

ware testing practices in the Canadian province of Alberta
five years after the original study (Geras et al., 2004) to an-
alyze possible changes. The criteria used for the design of
the questions were relevant to the industry and alignment
with the testing knowledge area of the Software Engineering
Body of Knowledge (SWEBOK). The results showed almost
all companies performed unit and system testing, and more
organizations used observations and experts’ opinions to con-
duct usability testing. JUnit and IBM Rational were the most
widely used testing tools, and in comparison to the original
study, more companies were devoting efforts to pre-release
testing.
Lee et al. (2012) surveyed companies and experts involved

in software testing to identify the current practices and oppor-
tunities for improvements in software testing methods and
tools (STMTs). They selected companies with prominent po-
sitions in the world market and assumed their testing prac-
tices would be better than others. They analyzed such prac-
tices and the results showed low or limited use of STMTs,
difficulties caused by the lack of STMTs, demand for inter-
operability support between methods and tools of software
development and testing, and need of guidance for the eval-
uation of STMTs or description of their capabilities.
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Garousi and Zhi (2013) presented a newer version of the
previous study (Geras et al., 2004), which surveyed Cana-
dian software testing practices. They reused the questions
from the 2004 survey and added four new ones. The re-
sults showed the importance of testing-related training had
increased, and functional and unit testing were the two com-
mon testing types of most attention and effort. Moreover, mu-
tation testing had drawn attention among Canadian compa-
nies, and NUnit and Web application testing tools had over-
taken the popularity of JUnit and IBM Rational. Most Cana-
dian firms spent less than 40% of their efforts (e.g., budget
and time) on testing during development.
Kassab et al. (2016) surveyed software professionals to de-

termine the use of testing practices. The participants repre-
sented 18 industries located in 9 different countries, and the
main findings included characteristics of projects, practices,
organizations, and practitioners related to software testing.
Dias-Neto et al. (2017) conducted a replicated survey in

two South American countries (Brazil and Uruguay) to un-
derstand the perception of testing practitioners regarding the
use and importance of software testing practices. The main
findings include system and regression testing are the two
test types deemed most useful and important, tools to sup-
port automation of test case generation and execution or code
coverage are still poorly used in their organizations, docu-
mentation of test artifacts (plan, cases, procedures, results)
are useful and important for software testing practitioners.
Santos et al. (2020a), conducted a survey focused on mo-

bile testing techniques. Their results show that most compa-
nies focus on developing native applications. The test level
identified as more performed is the system test. Also, partic-
ipants indicate that the correct choice of testing techniques
directly influences the final product quality, and testers do
not follow a defined process to select testing techniques. The
testing tools most used to automate are Cucumber and Sele-
nium.
We highlight the importance of surveys for the identifica-

tion of software testing practices and their efficiency regard-
ing the results achieved. Our work differs from the others
because we aim to investigating the practices of testing tech-
nique selection in Brazilian industries. Moreover, we have
listed the main challenges faced by testers while performing
their activities.

4 Survey methodology

A survey is a comprehensive research method for the collec-
tion of information on descriptions, comparisons, explana-
tions, knowledge, attitudes, and behavior (Fink, 2003). A sur-
vey collects quantitative, subjective (individual’s opinions,
attitudes, and preferences), and objective data (e.g., demo-
graphic information). The research process (Figure 1) fol-
lows the guidelines defined by Kitchenham and Pfleeger
(2008).

1. Setting of objectives: each objective is a statement of
the expected outcomes or a question to be answered by
the survey;

1 - Setting of 
Objectives

2 - Survey Design

3 - Development 
of a Survey 
Instrument

4 - Evaluation of 
the Survey 
Instrument 

5 - Obtaining of 
Valid Data

6 - Analysis of 
Survey Data

 

 

 

Figure 1. Overview of the survey research process.

2. Survey design: since the type of survey used is a cross-
sectional study, the participants are asked about their
previous experiences at a particular fixed point in time;

3. Development of a survey instrument: such a develop-
ment involves four steps, namely (i) search for relevant
literature, (ii) construction of an instrument, (iii) evalu-
ation of the instrument, and (iv) documentation of the
instrument;

4. Evaluation of the survey instrument: often called pre-
testing, this evaluation pursues the following goals: (i)
checking of whether the questions are understandable,
(ii) assessment of the likely response rate and effective-
ness of the follow-up procedures, (iii) evaluation of the
reliability and validity of the instrument, and (iv) assur-
ance of match of data analysis techniques and expected
responses;

5. Obtaining of valid data: a sample, which is a subset
of a population, is defined in this phase. The answers
of this group should represent the entire group. When
choosing a sample to be surveyed, wemust keep inmind
three aspects of survey design, namely (i) avoidance of
bias, (ii) appropriateness, and (iii) cost-effectiveness;

6. Analysis of survey data: it is the final step, in which
all data collected are gathered, and relevant information
is extracted, so that the questions defined in the survey
objectives can be answered.

4.1 Survey goal and research questions
The approach used in this survey was based on the Goal,
Question, Metric (GQM) methodology and the template pro-
posed in Caldiera et al. (1994) and Briand et al. (1996). Our
survey aims to identify software testing practices in Brazilian
industries to highlight strengths and weaknesses and foster
work/research collaboration between academia and industry
towards an overview of the latest testing techniques, selec-
tion processes, challenges faced, tools and metrics used by
testers. The survey was conducted between September 2018
andDecember 2018 and it is available online1. Table 1 shows

1https://github.com/italo-07/surveyTeste
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the research questions raised.

4.2 Survey design and questions

Our survey was based on other relevant studies (Geras et al.,
2004; Ng et al., 2004; Engström and Runeson, 2010; Garousi
and Varma, 2010; Lee et al., 2012; Anand et al., 2013;
Garousi and Zhi, 2013) and some of the questions designed
by Geras et al. (2004), and new ones related to our specific
objectives were adopted.
Testers currently working in the industry were asked to

evaluate the set of questions proposed. Torkar and Manke-
fors (2003) state feedback improve the set of questions prior
to the application of a survey. The goal behind this phase was
to ensure the terminology used would be familiar to a rea-
sonable ratio of the audience. According to Garousi and Zhi
(2013), occasionally, the software testing terminology used
in academia versus industry may be slightly different or even
confusing. The feedback received from testers was used for
the validation of the survey questions.
The study employs the characterization topics presented

in SWEBOK (Bourque et al., 2014). Therefore, the survey
comprises the following categories: (i) testing levels, (ii) test-
ing techniques (selection techniques), and (iii) software test-
ing tools and testing process management. We have added
three other categories, namely (i) respondents’ personal and
professional profiles, (ii) research & training, and (iii) chal-
lenges, which contain information on the respondents’ pro-
file and investigate research initiatives within companies to-
wards identifying challenges faced by testers.

Survey questions are designed to provide relevant informa-
tion to the industry and academy.We derived them from each
of the eight research questions previously presented, which
have composed a set of 34 questions, of which 7 (20%) are
qualitative (in italics), and 27 (80%) multiple choices are
quantitative. To help readers identify the research questions,
we labeled the corresponding categories in the first column
and the survey questions in the second column (Table 2).
The first category is related to respondents’ personal and

professional profile (Q1-Q11), andwe are interested in under-
standing the level of education, undergraduate course, com-
panies’ name, time of experience, current position, types of
software projects the companies usually test, and company
size. The questions would provide an overview of the sce-
nario of software testing in Brazil.
The second category (Q12–Q13) refers to the testing level

(e.g., unit, integration, and system testing) and objectives of
testing (e.g., acceptance, reliability, regression, performance,
security, stress, interface, and usability testing). The survey
investigates the use of testing levels by Brazilian industries
and respondents’ experience.
The third category is related to testing techniques and se-

lection processes (Q14-Q23), i.e., to those who decide on the
testing techniques to be used in a project under test, the way
the respondents select testing techniques, their experience
with other testing techniques, such as mutation or concurrent
testing, and what should be considered in a selection process.
The fourth category details the testing tools and testing pro-

cess management (Q24-Q29) towards a better understanding

of testing tools and identification of testing practices of man-
agement applied to test teams.
The fifth category, i.e., research & training (Q30-Q33), in-

vestigates whether companies develop research on software
testing and provide formal training to their testing team, and
the way testers seek new knowledge to solve their technical
problems. Finally, the sixth category (Q34) asks the respon-
dents to list three challenges faced in their work routine.

4.3 Survey application
We used the search management application Google Forms2
to design and host our online survey, which was available for
four months, from September to December 2018. According
to the ethics guidelines, the respondents could remove their
answers from the study at any time, and researchers agreed
on aggregating information from the survey and publishing
a summary of the results.
To reach the maximum number of responses, invitations

were sent to (i) email lists used by the Brazilian Computer
Society (SBC)3, which concerns professionals of the com-
puter science community in Brazil, (ii) email lists used at
the University of Sao Paulo for undergraduate and gradu-
ate students, and (iii) email lists of major Brazilian software
companies (e.g., Brazilian Association of Software Compa-
nies (ABES)4, Association of Brazilian Companies of Infor-
mation Technology - ASSESPRO5, Brazilian Association of
Information and Communication Technology Companies -
BRASSCOM6, Porto Digital7, and Association of Technol-
ogy Companies of Sancahub - Sancahub8). The authors also
attended scientific conferences in Brazil and requested the
participants to answer the survey.

4.4 Population and sample size of respondents
The survey was available for four months, and 201 responses
were obtained. To ensure the quality of the collected data, the
respondents informed their emails for further contact towards
the confirmation of their information. They were also asked
the following question after the first category of questions
(Q1-Q11): Do you have knowledge of software testing?. If
the answer is no, the survey ends. The purpose here is to be
sure the respondents fit the target audience, i.e., testers, de-
velopers who perform testing during development, and pro-
fessionals who work in software quality. The survey data in-
cluded responses from 185 testers in Brazilian companies.
Table 3 shows the total number of emails sent to the com-

panies. 1269 companies were listed in the first column and
represented Brazilian companies’ associations of technology,
of which 207 mail addresses failed. We believed the emails
reported on the website had not been updated, therefore, we
sent emails to only 1062 companies. Since 185 respondents
out of 1062 companies listed contributed to the survey, a
rough measure of the sample size equals 17.41% (185/1062).

2https://www.google.com/forms/
3http://www.sbc.org.br/34-listas-eletronicas
4www.abessoftware.com.br/associados/socios/
5http://assespro.org.br/
6https://brasscom.org.br/
7http://www.portodigital.org/home
8http://sancahub.org/
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Table 1. Research questions - GQM methodology
Goal Question Metric

Investigate commonly used testing levels. RQ1 -What are the most used testing levels in Brazilian
software companies? Set of options with the testing levels.

Understand the process of testing technique
selection and familiarity of testers with the
existing testing techniques.

RQ2 - How do you select a testing technique to test a
software product?

RQ3 - How often does a tester use structural, functional,
mutation, and concurrent program testing?

Open questions for the collection of respondents’ opinions.

Set of options with the software testing techniques.

Investigate the testing tools and technologies
used and the way testing teams are managed.

RQ4 -What are the most used testing tools?

RQ5 - How are the testing teams and processes managed?

Set of tool options and possibility of selection of more
than one and insertion of other tools names.

Set of options with the process management.

Find out whether companies are concerned
with research and provide training, and the
way testers seek new knowledge.

RQ6 - Do Brazilian industries develop research on
software testing?

RQ7 - How do testers seek knowledge on software testing?
Does their company offer any training?

Open questions for the collection of respondents’ opinions.

Set of options with actions for seeking knowledge.

Identify research challenges. RQ8 -What challenges do testers face in their work routine? Open questions for the collection of respondents’ opinions.

Table 2. Survey list of questions
Categories (RQ) Survey Questions

Respondents’ personal
and professional profile

1- How old are you?
2- What is your gender?
3- What is your highest level of education?
4- If you have taken an undergraduate course, please inform its name.
5- What is your email address?
6- What is the name of the company where you work or have worked with software testing?
7- In what state is your company located?
8- What is (are) your current position(s) in your company?
9- How many years of experience do you have in software testing?
10- What types of software projects does your company develop?
11- What is the size of your company (number of employees)?

Testing levels
RQ1

12- What type of tests do you work or have you worked on?
13- Are you engaged in other activities in your company? If so, which ones?

Testing techniques,
Selection process
RQ2
RQ3

14- Do you decide on the testing techniques to be used on the software in your company?
15- If you answered no to the previous question, please inform the one who decides on them.
16- In your opinion, what makes a tester not consider choosing new testing techniques?
17- How do you select a testing technique for a project?
18- In your opinion, what is important in the selection of a testing technique for a project?
19- What do you think prevents your company from adopting new techniques and
methodologies?
20- Are you familiar with the white box test? If so, how often do you use it in your projects?
21- Are you familiar with the black box test? If so, how often do you use it in your projects?
22- Are you familiar with the mutation test? If so, how often do you use it in your projects?
23- Are you familiar with concurrent testing? If so, how often do you use it in your projects?

Testing tools and
process management
RQ4
RQ5

24- What tools do you use to automate the testing activity?
25- In your current, or latest project, what mechanisms are (were) used for generation
of test cases?
26- Does your testing team use any measures as a guide for planning or designing tests?
27- Is testing separated from development and production environments?
28- What is (was) the proportion of testers for developers (t:d) in your current, or latest
software project?
29- Does your development team(s) refer to itself as agile or traditional?

Research & Training
RQ6
RQ7

30- Is your company involved in research on software testing towards the development of new
ways/techniques for testing software systems?
31- Does your company offer any training to the testing team?
32- If you answered yes to the previous question, please specify the training.
33- How do you usually gain knowledge in the testing area for solving technical problems in
the work environment?

Challenges
RQ8 34- Provide a list of the top 3 testing challenges related to your projects.
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Our study comprised a significant number of responses in
comparison with other surveys into software testing. The av-
erage number of responses was 62. The most extensive sur-
vey (Garousi and Zhi, 2013) comprehended 246 responses,
whereas the lowest (Lee et al., 2012) provided 14 responses.
Our survey was well above the average of responses and al-
most approached the survey of the highest number.

Table 3. Total of invitations sent
Number of
contacts

Failed to
send email Sent

ABES 1023 155 868
ASSESPRO 169 39 130
BRASSCOM 15 8 7
PortoDigital 48 3 45
SancaHub 14 2 12
Total 1269 207 1062

5 Analysis of the survey results

5.1 Respondents’ personal and professional
profile

The participants’ ages were divided into intervals. Most re-
spondents (40%) are between 31 and 40 years old, whereas
the second most representative group (25%) is aged 26 and
30. Other groups range between 20 and 25 years (18%), 41
and 50 years (14%), and over 50 years (3%). According to
the range, the profile of participants is diversified, which con-
tributes to the strength of the answers collected.
Regarding gender, 72% of the respondents are male and

28% female. We intended to identify the relationship be-
tween gender and age of respondents and how its represen-
tation is portrayed in the software testing scenario within
Brazilian industries. Figure 2 represent this distribution and
we can note that the majority of testers in Brazilian industries
are male with age between 31 and 40 years and the distribu-
tion is similar for both genders.
Concerning respondents’ level of education, 87% had

graduated, and were divided into the following categories:
graduate (34%), master of business administration - MBA
(24%), masters (20%) and PhD (9%). The other respondents
are undergraduates (12%), and (1%) who graduated from
high school.
In Figure 3 is shown the distribution of women and men

related to your academic background. The presented results
show that the distribution is proportional between the gen-
ders, with a greater number of men in the pos-graduated
level.
A higher level of education increases the competitiveness

among IT companies and guarantees a higher quality of work.
However, a proper theoretical and technical training in the
area prepares professionals to better perform their activities.
Concerning the undergraduate courses informed, we

grouped the data according to areas (Table 4). The major-
ity (173 respondents) obtained an undergraduate degree in
areas of science, technology, engineering and mathematics

 50%  40%  30%  20%  10% 0% 10% 20% 30% 40% 50%

1

2

3

4

5

6

Percentage

Ag
e

Age and Gender

Female Male
Over 50 years

Between 41 and 50 years

Between 31 and 40 years

Between 26 and 30 years

Between 20 and 25 years

 50%  40%  30%  20%  10% 0% 10% 20% 30% 40% 50%

1

2

3

4

5

6

Percentage

Ag
e

Age and Gender

Female Male
Over 50 years

Between 41 and 50 years

Between 31 and 40 years

Between 26 and 30 years

Between 20 and 25 years

 50%  40%  30%  20%  10% 0% 10% 20% 30% 40% 50%

1

2

3

4

5

6

Percentage

Ag
e

Age and Gender

Female Male
Over 50 years

Between 41 and 50 years

Between 31 and 40 years

Between 26 and 30 years

Between 20 and 25 years

Figure 2. Respondents’ age and gender distribution.
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Figure 3. Relationship between gender and educational background.

(STEM), and technological courses (e.g., analysis and sys-
tems development, computer networks, information technol-
ogy management) and enrolled in baccalaureate programs
(e.g., information systems, computer science, computer engi-
neering). Only (10 respondents) had their base education in
applied social sciences courses (e.g., administration, social
service, psychology).

Table 4. Undergraduate courses attended by the respondents.
Course Percentage
Exact sciences, engineering and technology 94%
Applied social sciences 5%
Did not take upper course 1%

We also identified the respondents according to their com-
panies location and grouped them into the five regions in
Brazil (Figure 4). The region with the most significant num-
ber of participants was the Southeast region (59%), which
is the second largest region of the country and is composed
of large technological centers, located in cities such as São
Paulo, Minas Gerais, and Rio de Janeiro. Secondly, the
Northeast region (21%) is a region comprised of 9 states
and has technological centers of great recognition such as the
Porto Digital located in Recife. Moreover, in the third place
the South region (11%), which has poles of innovation and
technology. Finally, the Midwest region (7%) and the North-
ern region (2%). Hence, we expected that the most signifi-
cant number of respondents would come from the Southeast
region, due to the higher concentration of software compa-
nies.
The position of the highest number of respondents was

Analyst (82 responses), followed by the developer (33 re-
sponses) and tester (23 responses). Other positions wereman-
ager and leader (e.g., project, QA, test, technical, TI).
The years of experience in the software testing industry

were divided into five categories (up to 1 year, between 1
and 2 years, between 2 and 5 years, between 5 and 10, and
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above 10 years). Most candidates (76%) had two years’ expe-
rience, characterized by solid experience in software testing,
and some had up to 5 years’ experience (27%).
To analyze the influence of the years of experience from

the participant’s industry positions, we compare this data at
(Figure 5). Results show that there are respondents with all
levels of experience in almost all positions. Although the ma-
jority of high positions as project manager and leader, con-
centrate respondents with more than five years of experience
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Figure 5. Relationship between years of experience and position.

In Brazil, most companies classify IT professionals as ju-
nior, senior, and expert, taking into consideration the expe-
rience time in the company, i.e., junior level encompasses
up to 5 years’ experience and, in general, senior level com-
prehends up to 9 years. Above 5 years’ experience, the num-
ber of professionals is more significant in categories whose
level of education associated with MBA, Masters, and PhD
(Figure 6). The expert’s level requires above 10 years’ ex-
perience and well-established academic training, and expert
professionals often work in management positions. Figure 6
shows the relationship between years of experience and the
education level of each respondent.
Some types of software projects require more intensive

tests (Figure 7). The category of web systems development
(158 responses) showed the highest number of answers, fol-
lowed by mobile development (105 responses) applications.
The other systems indicated were maintenance (74), ERP
(57) and banking (49). The participants reported other types
of projects, such as games development, virtual reality sys-
tems, quality consulting, and educational systems.
The size of the companies the respondents work at is re-

lated to the number of employees as shown in Table 5. Most
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Figure 6. Relationship between years of experience and level of education.

Figure 7. Types of software projects developed by companies.

respondents worked in large companies with more than 200
employees (53%). Such organizations are more concerned
with the quality of the software product developed and invest
more resources in hiring professionals to perform testing ac-
tivities. Moreover, from the data collected, we identify the
companies that have the certification of Capability Maturity
Model Integration - CMMI. This information is available at
CMMI Institute9, the model describes a five-level evolution-
ary path of increasingly organized and systematically more
mature processes.

Table 5. Company size (according to number of employees).
Number of employees Respondents Percentage
Up to 200 97 53%
Between 100 and 200 23 12%
Between 50 and 100 21 11%
Between 10 and 50 29 16%
Between 5 and 10 5 3%
Between 1 and 5 10 5%

5.2 RQ1.What are themost used testing levels
in Brazilian software companies?

The participants’ responses enabled the identification of the
testing levels and objectives. In that case, respondents could
choose more than one option. The most accomplished testing
level (Figure 8) was the system test (136 responses), which
tests the behavior of an entire system and is usually consid-
ered appropriate for the assessment of nonfunctional system
requirements, such as security, speed, accuracy, and relia-
bility. The second testing level was unit test (93 responses),
which checks the functioning of software elements separately
testable. The integration test (4 responses) was given the low-
est number of responses.

9https://sas.cmmiinstitute.com/pars/pars.aspx
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The most used testing objective (Figure 9) was the inter-
face test (129 responses) checks whether the components in
an interface behave as expected, and the acceptance test (124
responses) is applied when the product is almost finished,
and the tester must check if the system developed has met
the requirements.
A regression test (121 responses) is applied when the soft-

ware has been updated and we need to verify if the new
changes will influence the behavior of the unchanged part
of the software. The usability test (117 responses), one of the
most applied tests, evaluates the degree of ease of the soft-
ware developed and contributes to the learning and use by
the end-user. Other tests indicated were (i) stress test, which
exercises the software’s maximum capacity for determining
its limits, and (ii) security test, which checks whether the soft-
ware is protected from external attacks.

Although most of the respondents (132) have cited the au-
tomation test as one testing objective, it is not represented
in Figure 9 because automation is not an objective. Instead,
it is a way of conducting the testing activity as discussed by
Dustin et al. (1999).
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Figure 9. Testing objectives most used by the respondents.

5.3 RQ2. How do you select a testing tech-
nique to test a software product?

There are several testing techniques available, each one with
different and often complementary features responsible for
testing several aspects of the software. Choosing the testing
technique should not only be based on subjective knowledge,
but it should also incorporate objective knowledge, guided by
elements that favor good choice (Santos et al., 2020c,d, 2019;
Victor and Upadhyay, 2011). Our study identifies whether
the respondents have the autonomy to choose a testing tech-
nique to test a software project.
Results show that the respondents selected (70%) of the

testing technique to be applied in the software project. Those

who did not select (30%) it informed the position respon-
sible for the task (Figure 10). The aim is to summarize the
positions within a company responsible for the testing tech-
nique selection. We identified three main positions that have
this responsibility: QA Analysts (63%) is the main role that
performs this task; Project Manager (23%) and Developers
(14%). Through the identification of these roles, it is ex-
pected to conduct further research to propose a systematic
way to select testing techniques to ensure quality and im-
prove the selection process.
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Figure 10. Positions responsible for the selection of testing techniques.

Factors that hamper the use of new techniques by testers
(Figure 11) are very short deadlines (158 responses) and lack
of knowledge (131). The time devoted to software testing
may be very short within a project schedule, in comparison
to the other activities in the development process, therefore,
testers cannot apply (or even choose) new techniques for im-
proving testing efficiency.
The cost of application of a technique (72 responses) is

also an obstacle, once it is an expensive activity in the soft-
ware development process and can consume a large part of
the total costs of the project.
Low priority (58 responses) indicates the company is not

concerned with seeking new testing techniques. Due to the
efforts that must be devoted to a testing activity, companies
always use the same techniques, which will become obso-
lete regarding advances in research in the area. The lack of
technical documentation (50 responses) triggers an alert for
researchers and companies that develop new techniques and
should provide proper documentation to encourage their use
and dissemination. Some testers declared satisfaction (43 re-
sponses) with the techniques used in previous projects; they
feel no need to seek new ones, and the company does not
allow (21 responses) their use.
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Figure 11. Factors that avoid the use of new testing techniques by testers.

The study investigates the way testers select a testing tech-
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nique to be applied in a software project (Figure 12). The
project scope (124 responses) supports decision-making re-
garding the selection of testing techniques. Testers analyze
the project to be tested and choose a technique related to its
characteristics. Another criterion is time (71 responses). The
technique selected should be feasible to be applied accord-
ing to the time defined in the schedule. Risk (26 responses)
related to the implementation of the technique, involves the
problems to applying the testing technique for the software
under test. Costs (26 responses) are another factor consid-
ered, since testers are more worried about ensuring the best
quality practice in the testing activity, and do not take costs
into consideration. The complexity (20 responses) of the im-
plementation of a technique is also indicated as a selection
criterion. One of the fewest answers was about previous ex-
periences (12 responses) of testers.

Figure 12. Criteria adopted for the selection of testing techniques.

5.4 RQ3. How often does a tester use struc-
tural, functional, mutation, and concur-
rent program testing?

We chose two well-known techniques (structural and func-
tional testing) to investigate the familiarity of the respondents
with some testing techniques (Figure 13), and two alternative
ones (mutation and concurrent testing) to check their demand
and use in Brazilian software industries.
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Figure 13. Respondents’ familiarity with testing techniques.

According to the familiarity reported in the previous ques-
tions, the most used testing techniques identified during the
execution of testing activities are functional (170 responses),
and structural test (98).

Among Brazilian software industries, only a few respon-
dents mentioned using mutation testing in some testing
projects (11 responses); most of them reported they were
not familiar (111 responses), while the second category of re-
spondents indicated theywere familiar, but had never applied
it (63 responses). It would be a good practice if companies
attempted to apply more mutation testing in their software
projects to improving the testing activity.
The analysis of participants’ familiarity with concurrent

software testing seeks to evaluate the relevance of the area
in the evolution of the computer research field. Both testing
activity and research in concurrent software testing should
be more investigated and widespread among testers. Most
respondents are unfamiliar (121 responses) with this type of
test. The second most indicated option revealed although the
participants were familiar with the test, they had never ap-
plied it (40 responses). In contrast the mutation test, some re-
spondents indicated they used this type of testing in all their
projects (3 responses), and another part of respondents re-
ported they used it in one of their projects (21 responses).
The tendency to work with concurrent software testing has
grown due to the evolution of computers, therefore, software
companies should update themselves regarding this trend.
Brazilian software companies have shown a stronger ten-

dency to apply more tests related to the functionality of the
software developed and those that ensure the internal quality
of the code.
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Figure 14.Most used testing techniques.

5.5 RQ4. What are the most used testing
tools?

Tools and frameworks are commonly used to support the test-
ing process (Figure 15). Selenium (27%), a portable frame-
work used in web application testing that supports the execu-
tion and creation of system tests, received themost responses.
Open-source framework JUnit (23%) supports the design of
automated tests for Java language, facilitating the develop-
ment and maintenance of the code, and open-source JMeter
tool (15%) was designed to load functional test behavior and
measure performance.
SoapUI (13%) is also an open-source tool used for web

application testing. Among its functions are web services in-
spection, support for functional tests, load, and compliance
tests. TestLink (10%) is an open-source tool that facilitates
the management and maintenance of test cases and docu-
ments related to the software. SonarQube (9%) continuously
inspects code quality to perform automatic revisions with
static code analysis and detect bugs, smelly codes, and secu-
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rity vulnerabilities; it works with a variety of programming
languages. Sikuli (3%) is an open-source tool that supports
testing automation and automates the elements displayed on
the screen.
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Figure 15. Automation tools and frameworks.

Concerning the design of test cases, user stories (122 re-
sponses) consist of a specification that captures what a user
does or needs to do (Figure 16). It has been widely used
with agile methodologies to support the definition of test
cases. Tester skills (120 responses) indicate respondents usu-
ally rely on their skills from previous experience in designing
efficient test in projects they participate in.
Other categories indicated are (i) bugs reported (102 re-

sponses), which shows respondents are based on the de-
sign of test cases from errors reported, (ii) code coverage
(60 responses), which measures the degree at which the
source code of a program is executed when a particular test-
ing suite runs, (iii) boundary value analysis (59 responses),
which concerns boundary conditions, i.e, situations directly
above, and beneath the edges of input and output equivalence
classes, (iv) equivalence partitioning (46 responses), which
reduces the number of test cases to a manageable level while
still maintaining reasonable testing coverage, and (v) control
flow graphs (24 responses), which identify execution paths
through a module of program code and create and execute
test cases to cover those paths.

Figure 16. Forms of design test cases.

The design of test cases can consider measures to guide the
activity (Figure 17). Priority level (116 responses) consists in
prioritizing the creation of test cases fundamental for the cor-
rect functioning of the system. Code lines (37 responses) con-
sist of tools for an automatic generation of test cases through
the lines of code. Function points (33 responses) are a tech-

nique that establishes a measure of size, considering the cre-
ation of a test case according to the implemented function-
ality of the software. Complexity (20 responses) is a metric
that identifies the cyclomatic complexity of the software and
uses a strategy to test each path independently of the program.
Therefore, the number of test cases generated corresponds to
the cyclomatic complexity.

Figure 17.Measures for the design and plan of test cases.

5.6 RQ5. How are the testing teams and pro-
cesses managed?

During the development and execution of testing activities,
the testing team must have full autonomy to work on a ver-
sion of the system that is not used by real users. Testers re-
quire the whole software available to perform their activi-
ties without the risk of modifying its functional version. The
environment refers to the use of servers or different virtual
machines for tasks of development, testing, and production
(Table 6). Respondents indicated software and hardware are
separated (58%), i.e., they might be divided into different vir-
tual and physical servers as a safer option in case of equip-
ment failure. Moreover, the separation among testing, devel-
opment, and production environments does not apply (20%),
which indicates no concern on the part of the testing team
or the project management regarding the distribution of such
environments. As a result, projects running in real-time can
be impacted, and new tests must be applied.

Table 6. Characteristics of the testing environment.
Development environment Responses Percentage
Separate software and hardware 107 58%
Separate software 40 22%
Not applicable 37 20%

An important point is the identification of the proportion
of testers for developers (t:d) (Figure 18). The proportion of
most indicated was 1: 5 or fewer developers (68 responses),
which highlights a scenario inefficient due that five develop-
ers would be working in new system functionalities and only
one tester to perform testing activities in all the new function-
alities developed.
A 2: 1 and higher ratio (24 replies) would be better if the

testers split the several testing activities to ensure a better
quality of their tasks and speed up the reporting of errors.
The respondents indicated that there are no testers as the ra-
tio of 0: 5 or fewer developers (20 responses), in this sce-
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nario developers, have the function of performing the tests
in their codes, it is not a good practice because, without a
professional focused to ensure the software quality, the final
product developed can be compromised.

Figure 18. Proportion of testers to developers (t:d).

To understand how the development teams consider them-
selves, agile methodology (61%) seems to be dominant and
quite popular among software companies (Figure 19). Tra-
ditional methodology (12%) received a small number of an-
swers, which characterizes the migration of companies that
used old software processes to new projects that apply ag-
ile methodologies. Other respondents indicated no specific
distinction (27%), and that their companies could use both
approaches. The type of development methodology used by
companies must be known, since each model directly im-
pacts the testing activity.
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Figure 19. Characteristics of the development team.

5.7 RQ6. Do Brazilian industries develop re-
search on software testing?

Many companies are not involved in research (78%), which
is not an ideal scenario. The lack of research investments by
companies is an issue to be addressed. Santos et al. (2020b),
highlights some research opportunities to indicate new re-
search directions at the intersection of testing and the soft-
ware ecosystem that could be further explored for companies
in collaboration with the industry. Research initiatives are es-
sential for enabling significant advances in software testing.
Some respondents indicated that 22% of companies invested
in research, despite its importance for the evolution of the
software testing area. These companies show a concern with
the development of research and prioritize the research area
through a specific department to conduct research in software

testing. We investigate whether company size influences the
amount of research investments. Figure ref fig: research-
company shows that the company size and, consequently, its
investment capacity does not affect the research initiative.
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Figure 20. Research initiatives from companies.

5.8 RQ7. How do testers seek knowledge on
software testing? Does their company of-
fer any training?

Most companies (58%) offer no training to the testing team,
and those that provide it (42%) aim at improving their em-
ployees’ skills.
Among the training provided by companies, training on

testing techniques (24 responses) is indicated as advanta-
geous for spreading knowledge about new testing techniques
among testers and improving the execution of their work ac-
tivities. Web courses (20 responses) are offered through on-
line platforms, and companies pay for their employees to
access them. Internal training (20 replies) is provided when
companies promote the sharing of internal knowledge among
their employees. Training related to automation and tools (20
responses) aims to improve the forms of testing automation
and find the available automation tools that can contribute to
the automation activity.

Figure 21. Type of training provided by respondents’ companies.

Both IT professionals and testers commonly face chal-
lenges during the execution of their tasks. To comprehend
how these professionals seek new information (Figure 22).,
results indicate that testers usually seek new knowledge
through conversations with more experienced testers (125
responses), which identifies the need for communication
among employees of the same team, since the most experi-
enced ones can share their knowledge with beginners, and
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vice versa, it will help to increase team integration. Other op-
tions indicatedwere reading scientific papers (106 responses)
and attending courses (106 responses), testers acquire new
content to help them solve their problems, which reinforces
the importance of research and collaboration between indus-
try and academy.

Figure 22. Actions for the obtaining of knowledge.

Other options were (i) search in web forums (83 re-
sponses), which consists of the sharing of questions with the
testers’ community to obtain help, (ii) attendance at confer-
ences (66 responses) for networking and meeting other pro-
fessionals in the field, and (iii) talking with researchers (64
responses) of the area towards finding solutions to problems.
However, no simple communication is established between
industry and academy.

6 Discussion on the survey findings

6.1 Correlations
In this section, we present a triangulation constructed from
the obtained results. We are looking for correlations among
the analyzed data. Some exciting finds are discussed below.

6.1.1 Software testing technique used versus type of
project

We analyzed the correlation between testing techniques and
software projects, seeking to understand which testing tech-
niques are commonly used to test companies’ different types
of systems. The results are shown in Figure 23, where we can
see that for all types of projects, functional testing is the most
used. The second testing technique most used is the error-
based test, except for web systems and ERP systems, where
the structural test takes second place. On average, the struc-
tural testing presented similar results to the error-based test
and the last site, as the least used technique was the model-
based test. Despite that, all testing techniques are used at
some intensity level independently of the software project
type.

6.1.2 Software testing technique used versus company
size

We evaluated the relationship between companies’ size and
the applied testing technique to understand which factors in-
fluence the choice of the testing technique (Figure 24.We can
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Figure 23. Relationship between type of software project and testing tech-
nique adopted by companies.

observe that functional testing is the most used technique, re-
gardless of the company size. About other testing techniques,
structural testing is more used in large companies while fault-
based and model-based are few used techniques both in large
and small companies.

0

10

20

30

40

50

60

70

80

90

100

Model-Based Test Fault-based Test Structural Test Functional Test

Re
sp

on
se

s

Testing Technique

Testing Technique vs. Company Size

Large Companies

Small Companies

Figure 24. Relationship between company size and testing technique used
in companies’ projects.

6.2 Challenges
This study has summarized the main challenges indicated by
the respondents regarding the execution of testing activities,
which can contribute to the development of research in the
software testing area (Figure 25).

• Lack of importance and priority of the testing ac-
tivity (71 responses): the team involved in the project
management does not value the correct execution of the
testing activity and often neglects the activity establish-
ing short deadlines for its development. Awareness of
its importance should be raised by professionals in the
technological area, and a possible solution would be the
insertion of specific disciplines in technological under-
graduate courses;

• Lack of knowledge and training (51 responses): re-
spondents indicated some testers do not have the neces-
sary knowledge to perform automation activities, since
they are not familiar with programming, and companies
do not provide them with specific training. The activity
requires substantial expertise in programming.

• Automation process (46 responses): there is a need to
automate the tests developed to improve efficiency in
the testing activity. Automation is a challenge in test-
ing practice because there are no clear guidelines that
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Figure 25. Challenges related to testing in software companies.

should be followed to help testers perform the automa-
tion process;

• Tools (38 responses):many testers use automated tools
to support the automation process. The respondents re-
ported difficulty using some tools and the challenge of
finding one suitable for the activity. Consequently, sev-
eral tools are used. The development of tools that offer a
variety of functionalities for supporting the automation
process and other testing activities is, therefore, funda-
mental;

• Schedule (36 responses): facing short deadlines dedi-
cated to the testing activity within the project schedule,
is a hard task; therefore, improvements in efficiency,
such as activities and new proposals are required to-
wards optimizing testing.

Other challenges indicated are (i) cost (24 responses) - new
approachesmust be developed for reducing the costs spent on
testing activities, (ii) efficiency (15 responses) - it is related
to the difficulty of performing the testing activity and achiev-
ing the best possible results, (iii) database communication (9
responses) - the generation of masses of data for use in au-
tomated tests requires improvements in the communication
with the database during testing activities, (iv) documenta-
tion of testing activities (8 responses) - respondents reported
difficulties in finding satisfactory documents to solve their
problems of use of tools or new testing techniques, (v) test
coverage (7 responses), which is a resource-intensive task,
(vi) test maintainability (6 responses), which maintains the
created test cases; their reuse in other programs is a topic to
be further researched, and (vii) BDD (4 responses) - its adop-
tion can be hampered by an incorrect implementation.

7 Threats to validity
Our results can potentially be affected by the methodology
defined, and the threats are discussed towards guiding the
interpretation.

1. Conclusion validity: regards the reliability and strength
of the data provided by the respondents. To minimize
it, we carefully summarized the data collected and ex-
cluded blank ones or those with incorrect information.
The survey initially received 201 responses. To assure
all respondents were aware of andworkedwith software
testing, we asked a question to check whether they knew
about software testing. If the answer was no, the survey
was finished. 16 negative answers were given; therefore,
they were excluded, thus leaving 185 responses to be an-
alyzed.

2. Internal validity: regards influences that can affect the
study to causality. To mitigate it, we followed the guide-
lines proposed by Kitchenham and Pfleeger (2008).
Prior to designing the survey, we analyzed other rele-
vant work, reviewed similar past surveys (mentioned
in Section 4), reused some of their questions and cre-
ated new ones, based on the specific objectives of our
research.

3. Construct validity: concerns the generalization of the
study results. Our scenario relates to this threat if we
measure the real scenario of software testing practices
in the Brazilian software industry. To minimize it, we
categorized the data collected in each question for ex-
tracting relevant information and making assumptions
about the topics addressed.

4. External validity: concerns the generalization of our re-
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sults. The population and sample size of the respondents
(Table 3) outlines the number of emails sent to the lists
of companies accessed. Since 185 respondents out of
1062 companies listed contributed to the survey, a rough
measure of the sample size equals 17.51% (185/1062).
Our sampling rate has provided relevant results and con-
tributed to our assumptions.

8 Conclusions and future work
This paper has reported the findings of a survey on software
testing practices conducted in Brazilian software companies.
Prior to its design, we intensively studied other surveys re-
lated to the topic. Our research objectives and questions were
specified according to the GQM methodology.
The study presents, in detail, the results collected from the

analyzed data, which enabled the identification of the soft-
ware testing practices most used by testers and software qual-
ity professionals in the Brazilian companies. Testers select a
technique according to the scope of the project. The most ap-
plied is functional and structural testing; the least used one is
themutation test, whichwas also pointed out as the technique
most respondents had never applied. Selenium was indicated
as the most used tool in testing activities. The challenges
faced by testers were discussed and have raised interesting
topics to be more deeply explored.
The need for surveys on software testing practices is clear,

since they will help software companies improve both their
testing strategies and the relationship between testing and
the software quality of the products developed. Despite some
limitations, our study can support this process.
As future work, we aim to portray a broad view of the in-

dustry as a whole and a more detailed picture of some compa-
nies. The research will be developedwithmore qualitative as-
pects involving formal interviews or focus groups, and com-
panies will be visited to obtain more results for comparisons.
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