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 25 

Abstract. Software testing is an important activity in the software development life 26 

cycle. Several previous studies reported the results of surveys on software testing 27 

practices among practitioners from different countries. In this paper, we analyze 28 

these surveys aiming to get their main questions, and replicate a survey with 29 

practitioners from Brazil and Uruguay, two emerging South American software 30 

development scenarios. This survey was previously conducted in Manaus/Brazil in 31 

2006 and Buenos Aires/Argentina in 2013. The replication’s scope includes three 32 

regions (Northern/Brazil, Southern/Brazil, and Uruguay). A total of 150 software 33 

testing practitioners responded the survey. Its results are compared with the previous 34 

executions and other software testing surveys identified in the technical literature, 35 

strengthening previous findings. The Brazilian and Uruguayan participants indicate 36 

that: (1) documentation of test artifacts (plan, cases, procedures, results) are useful 37 

and important for software testing practitioners; (2) system and regression testing are 38 

the two test types deemed most useful and important; (3) tools for 39 

monitoring/management test process tasks and bug reports are considered useful and 40 
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important; (4) it is usual for software companies to have a definition of a testing 1 

process and to have a dedicated testing team; (5) there is a lack of measurement of 2 

test tasks/coverage in the industry, and; (6) tools to support automation of test case 3 

generation/execution or code coverage are still poorly used in their organizations. 4 

Keywords: software testing, testing practices, survey, South America, Brazil, 5 

Uruguay, empirical software engineering. 6 

1. Introduction 7 

In the context of Software Engineering, testing activities play a significant role in the 8 

development process since they represent a cardinal quality assurance strategy to 9 

support the identification of defects in the software product before its deployment to a 10 

production environment [Juristo et al. 2004]. Software testing strategies should be 11 

planned to occur at different levels (e.g.: unit, integration, system, acceptance) and 12 

use different techniques (e.g.: functional, structural, error-based) and perspectives 13 

(performance, usability, security, functionality, and so on). Furthermore, software 14 

testing should be applied to a software product by professionals trained to perform 15 

these activities usually supported by an appropriate computational infrastructure 16 

[Pressman and Maxim 2015].  17 

Software testing has been a concern to the industry, which regularly performs 18 

studies aiming at to observe the perception of practitioners on such area of interest. 19 

For instance, the International Software Testing Qualifications Board (ISTQB - 20 

http://www.istqb.org/) maintains a body of knowledge regarding software testing. In 21 

2015, ISTQB conducted a worldwide survey [ISTQB 2015], which received 3281 22 

responses from testing practitioners spread around the world. Their results indicate 23 

that: 24 

• 81% of them reported to use a defect tracking tool; 25 

• Test automation is a concern for the practitioners. 72% of them stated that at 26 

least 20% of the test cases are automated. Furthermore, 58% reported that test 27 

automation is an area offering lots of improvement opportunities in their 28 

organizations; 29 

• The most common testing stop criteria are: test coverage (73%), and 30 

scheduled deadline (46%), and; 31 
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• The most adopted testing techniques are: Use Case Testing (70%), 1 

Exploratory Testing (66%), and Checklist based testing (54%). 2 

Capgemini, a management consulting organization, performs a worldwide 3 

quality assurance survey since 2009. The study subjects are C-level executives. In the 4 

2016 edition, they received 1560 responses from 32 different countries [Consulting 5 

Capgemini Technology 2016]. Its results indicate: 6 

• On average the Quality Assurance (testing) budget represents 35% of the 7 

development cost; 8 

• On average 42% of test cases are automated; 9 

• Security testing is a top priority for C-level executives; 10 

• 42% of participants indicated that their organizations do not have dedicated 11 

testers, and; 12 

• The three greatest challenges of mobile software testing are the unavailability 13 

of an in-house testing environment (38%), not enough time for testing (36%), 14 

and lack of training (29%). 15 

Despite the importance of testing activities in software projects, there is a gap 16 

between the concepts and results observed in the academia and the software testing 17 

practices adopted by practitioners in the industry. Moreover, there is little scientific 18 

evidence in the technical literature regarding the use, efficiency, effectiveness, and 19 

importance of such practices in real software development environments [Bertolino 20 

2004] [Garousi and Zhi 2013] [Camargo et al. 2015]. 21 

Previous works analyzed the perception of practitioners regarding software 22 

testing practices around the world [Gelperin and Hetzel 1988] [Torkar and Mankefors 23 

2003] [Geras et al. 2004] [Taipale et al. 2005] [Dias-Neto et al. 2006] [Runeson 24 

2006] [Ambler 2009] [Garousi and Varma 2010] [Garousi and Zhi 2013] [Pham et al. 25 

2013] [Garousi et al. 2015] [Greca et al. 2015]. Considering a specific software 26 

testing community [Durelli et al. 2013], the conclusions drew from examining data on 27 

software testing obtained from the past 25 years in the Software Engineering 28 

Brazilian Symposium highlights the need to come up with more effective 29 

mechanisms for technology transferring from academia to industry. Durelli et al. also 30 

pointed out that a) there is little or no interaction between the testing practitioners and 31 
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software researchers in Brazil; b) empirical studies should be carried out using real-1 

world source code; c) empirical evidence on software testing techniques should rely 2 

neither on contrived examples nor toy programs; d) there should be more research 3 

projects emphasizing the problems faced by testing practitioners, and; e) there should 4 

be more collaboration between software testing researchers and practitioners – both 5 

working alongside each other. 6 

In this work, we are interested in understanding the perception of testing 7 

practitioners from two south american countries (Brazil and Uruguay) regarding the 8 

use and importance of software testing practices. Brazil and Uruguay are emerging 9 

countries representing economy leaders in the continent, with continuous growth in 10 

the software development market. The differences in the strategies to apply global 11 

software testing activities and practices coupled with the (in)maturity level of 12 

knowledge observed in loco motivated us to assess the level of importance and how 13 

the software industry of both countries usually apply such testing activities and 14 

practices. Thus, the purpose of this study is to characterize the state-of-practice, 15 

identifying opportunities for improvement and training on topics concerned with 16 

software testing. To reach this goal, we defined the following research question: 17 

“which software testing activities, procedures, and tools are more used in the 18 

organizations, and which are perceived as the most important by software testing 19 

practitioners in Brazil and Uruguay?”  20 

To support our investigation, we replicated a survey [Dias-Neto et al. 2006] 21 

[Greca et al. 2015] with 150 practitioners from both countries (Brazil and Uruguay). 22 

The participants were organized into three groups, according to their geographical 23 

location and similarities (two groups representing the software industry in Northern 24 

and Southern Brazil; one group for Uruguay). The results sustained the rationale of 25 

grouping subjects into the three regions by revealing differences among the most used 26 

and important test practices identified by the participants. These results allow the 27 

identification of software testing practices (previously established in the technical 28 

literature) which have not been used by the practitioners in the software 29 

organizations. Furthermore, through these results is also possible to identify which 30 

practices are recognized of importance and, could be improved in such environments.  31 
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This paper describes the survey’s planning, design, and execution. Moreover, 1 

it depicts the analysis of the collected data through statistical procedures. Finally, it 2 

presents the results in comparison with previous executions of this survey in Brazil 3 

and Argentina to support a discussion on generalizing the use and importance of 4 

software testing practices. 5 

The remainder of this paper is structured as follows: a snowballing based 6 

literature review of related works is presented in Section 2. The description of the 7 

survey replication process, its goal, its design and data analysis procedures can be 8 

seen in Section 3. In Section 4, we present and analyze the participants’ profiles. 9 

Section 5 presents the survey’s results analyzing the use and importance of software 10 

testing practices in Brazil (Northern and Southern) and Uruguay. Section 6 discusses 11 

the results in comparison with previous ones, reporting limitations and discussing 12 

threats to validity. Finally, in Section 7 we present our conclusions and suggest areas 13 

for further research. 14 

2. Related Works 15 

There have been previous attempts to identify the state of the practice in software 16 

testing. This section intends as much as possible to provide a comprehensive 17 

summary of all past surveys on software testing published in the technical literature. 18 

According to [Garousi and Zhi 2013], the earliest identified effort to characterize the 19 

testing process through surveys dates back to the United States Government 20 

Accounting Office (USGAO) [Gelperin and Hetzel 1988]. The following sections are 21 

going to describe the other published works.  22 

2.1. Identifying past surveys 23 

To identify previously published surveys regarding software testing, the snowballing 24 

technique [Wohlin 2014] was used considering as starting points the two surveys 25 

previously executed by the authors of this work [Dias-Neto et al. 2006; Greca et al. 26 

2015] and the survey published in [Garousi and Zhi 2013]. Their cited references 27 

were searched by using Scopus, IEEExplorer, and Google Scholar in just one 28 

iteration. In contrast to [Garousi and Zhi 2013], we use the following definition for a 29 

survey: “a research methodology designed to collect information from a group of 30 
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people by sampling individuals from a large population” [Linaker et al. 2015]. Based 1 

on this definition, the reports published by [Andersson and Runeson 2002] and 2 

[Wojcicki and Strooper 2006] were not included in our initial sample for 3 

snowballing, because their research goal is not comparable to the others studies of the 4 

set. In short, Table 1 presents the papers used as the initial set of references for the 5 

snowballing process. Data extraction followed the guidelines for conducting surveys 6 

in software engineering to extract knowledge systematically from the identified 7 

surveys on software testing [Linaker et al. 2015]. 8 

Table 1. Summary of previous surveys on software testing practices (based on 9 

[Garousi and Zhi 2013]). 10 

Paper 

Reference 

Scale/ 

Region 

Target 

Audience 

Number of 

respondents 
Goal/Focus Area 

[Gelperin and 

Hetzel 1988] 

Not 

Reported 

Not 

Reported 
Not Reported 

To characterize major (Test) process models 

and describe some of the changes associated 

with testing growth. 

[Torkar and 

Mankefors 

2003] 

USA/ 

Sweden 

Software 

development 

organization 

91 
To explain to what extent software testing had 

been used when reusing software components. 

[Geras et al. 

2004] 

Alberta 

(Canada) 

Software 

development 

organization 

60 
To characterize Alberta (Canada) Test 

practices. 

[Ng et al. 2004] Australia 

Senior 

software 

practitioners  

61 

1) To determine the types of testing 

techniques, tools, metrics, and standards used 

by organizations in Australia 

2) To determine whether the training courses 

in software testing taught in the workplace or 

tertiary institutes adequately cover the types of 

testing methodologies and skills required by 

the industry. 

[Taipale et al. 

2005] 
Finland 

Software 

testing 

researchers 

10 
To identify research directions in software 

testing. 

[Runeson 2006] Sweden 
Software 

developers 
15 

To characterize the strengths and issues of unit 

testing.  

[Dias-Neto et al. 

2006] 
Brazil 

Software 

developers 

36 (in 13 

organizations) 

To characterize the state of the practice of 

software testing in Brazil. 

[Ambler 2009] 
Not 

reported 

Test driven 

development 

adopters 

121 
To characterize the adoption rate of Test-

Driven Development. 

[Causevic et al. 

2010] 

Not 

reported 
Researchers 83 

To identify obstacles between the available 

(state of the art) and preferred (state of the 

practice) practices by software testing 

practitioners. 

[Garousi and 

Varma 2010] 

Alberta 

(Canada) 

Software 

developers  
53 

To replicate the survey [Geras et al. 2004] on 

software testing techniques in the industry and 

analyze the possible changes from 2004 to 

2009. 

[Garousi and 

Zhi 2013] 
Canada 

Software 

developers 
246 

To characterize Canadian test practices. 
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[Pham et al. 

2013] 

Not 

reported 

Software 

developers 

of GitHub 

569 

To characterize how the testing behavior is 

influenced by the peculiarities of social coding 

environments such as GitHub. 

[Rafi et al. 

2012] 

Not 

reported 

Software 

developers 
115 

To characterize the benefits and limitations of 

software testing automation. 

[Greca et al. 

2015] 
Argentina 

Software 

developers 
18 

To characterize the state of the practice in 

software testing in Argentina, a replication of 

[Dias-Neto et al. 2006]. 

[Garousi et al. 

2015] 
Turkey 

Software 

developers 
147 

To characterize testing practices and to provide 

a view of the latest techniques, tools, and 

metrics used and the challenges faced by 

practitioners.  

 1 

The inclusion criterion was to include only those technical papers describing 2 

software testing surveys – which we selected from the titles and abstracts. Table 2 3 

presents the region, target audience, numbers of respondents, goals, and results of the 4 

surveys identified through the snowballing process. 5 

Table 2. Summary of previous surveys on software testing practices from 6 

snowballing the sources in Table 1. 7 

Paper 

Reference 

Scale/ 

Region 

Target 

Audience 

Number of 

respondents 
Goal/Focus Area 

[Chan et al. 

2005] 

Australia, 

China, Hong 

Kong, Malaysia, 

Singapore 

Software 

testing 

practitioners 

34 

To characterize the software testing 

practices in the industry, and the levels of 

software testing education and training.  

[Grindal et al. 

2006] 
Sweden Not reported 12 

To characterize organizations' testing 

maturity. 

[Sung and 

Paynter 2006] 
New Zealand 

Software 

testers 
62 

To compare software testing practices with 

the authors’ software testing framework. 

[Engström and 

Runeson 2010] 
Sweden 

Software 

developers 
42 

To characterize the gap between the state 

of the art and practice of regression testing 

practices. 

[Kasurinen et 

al. 2010] 
Finland 

Software 

Testers and 

Test Managers 

31 
To identify the state of the practice on 

software test automation. 

[Lee et al. 

2012] 
Not Reported 

C-level 

executives 
33 

To identify the current practices and 

opportunities for the improvement of 

software testing tools and methods. 

[Greiler et al. 

2012] 
Not reported 

EclipseCon 

participants 
151 

To discover how testing is performed, why 

testing is performed in a certain way and 

what test-related issues the community is 

facing. 

[Kirk and 

Tempero 2012] 
New Zealand 

Software 

developers 

from 51 

organizations 

195 
To understand what practices are used in 

software testing. 

[Deak et al. 

2013] 
Norway 

Computing 

students 
33 

To identify the interest and desire to work 

in software testing among engineering and 

computer science students. 

[Deak and Norway Not reported 23 To characterize the factors that can 
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Stalhane 2013] influence the creation of a software testing 

department, or encourage the investment in 

personnel dedicated to software testing. 

[Pfahl et al. 

2014] 

Finland and 

Estonia 

Software 

Developers 
61 

To study how software engineers 

understand and apply the principles of 

exploratory testing, as well as the specific 

advantages and difficulties they 

experience. 

[Daka and 

Fraser 2014] 
29 countries  

Software 

Developers 

246 

 

To characterize how software developers 

use unit testing techniques. 

[Kanij et al. 

2014] 
22 countries 

Software 

testers 
104 

To characterize soft skills affecting 

software testing. 

[Deak 2014] Not reported 
Software 

testers 
26 

To characterize the impact of the 

development methodology on testers 

motivation. 

2.2. Data aggregation from past surveys 1 

The Constant Comparative Method [Glaser and Strauss 1967] was used to support the 2 

data aggregation from the identified surveys. The research goals of each survey were 3 

coded into categories (column Abstracted Research Goal) to know which of the 4 

results could be compared to the results of our current study. Table 3 presents the 5 

product of this process.  6 

Table 3. Aggregation of the identified surveys’ goals. 7 

Abstracted Research Goal References 

To characterize software reuse adoption [Torkar and Mankefors 2003] 

To characterize the adoption of software testing 

practices, tools, and methods  

[Geras et al. 2004] [Ng et al. 2004][Chan et al. 

2005][Dias-Neto et al. 2006] [Ambler 2009] [Causevic 

et al. 2010] [Engström and Runeson 2010][Garousi and 

Varma 2010][Kasurinen et al. 2010][Greiler et al. 

2012][Kirk and Tempero 2012][Rafi et al. 2012] [Lee et 

al. 2012] [Garousi and Zhi 2013] [Daka and Fraser 

2014][Pfahl et al. 2014] [Greca et al. 2015] [Garousi et 

al. 2015] 

To characterize testers’ training needs [Ng et al. 2004] [Chan et al. 2005] 

To identify research directions in software testing [Taipale et al. 2005] 

To characterize organizations' testing maturity [Grindal et al. 2006] 

To characterize unit testing strengths and issues [Runeson 2006] 

To compare practitioners’ testing practices with a 

framework 

[Gelperin and Hetzel 1988] 

[Sung and Paynter 2006] 

To characterize soft-skills having effect on 

software testing 
[Deak et al. 2013] [Kanij et al. 2014] 

To characterize factors influencing the creation of a 

testing department or encouraging the investment 

in personnel dedicated to software testing 

[Deak and Stalhane 2013] 

 8 
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From Tables 1 and 2 the reader can observe that 18 out of the 29 identified 1 

surveys pursue a research goal comparable to our survey research goal (see Table 5). 2 

Therefore, the results presented in this section only describe data aggregated from 18 3 

surveys in the category “To characterize the adoption of software testing practices, 4 

tools, and methods”: 5 

• Research Location: Figure 1 presents the countries where these 18 surveys 6 

were performed. Darker gray countries represent those contributing with more 7 

subjects to the studies. For 248 (~28%) out of the 901 subjects reporting to 8 

take part in the surveys, it is not possible to identify the country where the 9 

surveys took place. It is due to the lack of information in the studies reports 10 

([Chan et al. 2005; Ambler 2009; Causevic et al. 2010; Lee et al. 2012]) or 11 

pertinent data to make this identification possible [Daka and Fraser 2014; 12 

Pfahl et al. 2014]. 13 

 14 

 15 

Figure 1. The geographic location of past surveys and subjects participation in 16 

surveys “to characterize the adoption of software testing practices, tools, and 17 

methods”. 18 

• Data Analysis: the Constant Comparative Method [Glaser and Strauss 1967] 19 

was also used to aggregate evidence. This aggregation was based only on 20 

those surveys reporting results statements and aims to evaluate whether the 21 

obtained evidence in the past surveys can be compared with the results 22 

obtained in our study (Table 4).  23 
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Table 4. Aggregated results of surveys characterizing the adoption of software 1 

testing practices, tools, and methods. 2 

Results statement Reference from Table 3 supporting the statement 

There is a gap between software testing state of the art 

and state of the practice  

[Ng et al. 2004][Dias-Neto et al. 2006][Lee et al. 

2012][Rafi et al. 2012] 

Budget allocated for software testing ranges from 20% 

to 50% of the development time 
[Ng et al. 2004], [Dias-Neto et al. 2006] 

Organizations mainly use ad-hoc criteria to stop testing [Geras et al. 2004] 

Unit testing is the most popular testing level [Geras et al. 2004] 

Manual testing is more performed than automated testing 

[Garousi and Varma 2010; Greiler et al. 2012; Kirk 

and Tempero 2012; Pham et al. 2013; Garousi et al. 

2015] 

3. Survey Replication Process 3 

3.1. Sources used for Replication 4 

In replications, the studies are repeated aiming to check, improve or extend their 5 

results [Juristo and Gómez 2012]. Successful replications increase the validity and 6 

reliability of the outcomes observed in the original study. Our study is a replication of 7 

two previously conducted surveys in Brazil and Argentina. In 2006, [Dias-Neto et al. 8 

2006] surveyed 13 Brazilian organizations ( 36 practitioners) aiming to identify the 9 

software testing practices used by their organizations and the importance of such 10 

practices according to the practitioners’ perspective. In 2015 [Greca et al. 2015] 11 

replicated the original survey with 18 practitioners from different companies in 12 

Argentina.  13 

In this third replication, we reused the initial planning (survey goal, research 14 

questions) and design (set of software testing practices, questionnaire, and analysis 15 

procedures) to perform a survey of practitioners from Brazil and Uruguay. The results 16 

aim to increase, extend and evolve the outcomes observed in the previous studies in 17 

2006 and 2015 highlighting the similarities and differences of perception by 18 

professionals working in different countries. 19 

The survey goal and research questions are presented in Section 3.2. We then 20 

introduce the survey design in Section 3.3. Section 3.4 presents the procedures 21 

performed to analyze the data collected in this replication. 22 
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3.2. Research Goal and Questions 1 

This survey is descriptive, according to [ Wohlin et al. 2000; Linaker et al. 2015]. Its 2 

goal can be observed in Table 5 using the Goal, Question, Metric (GQM) approach 3 

[Basili et al. 1994]: 4 

Table 5. Definition of Survey’s goal. 5 

Analyze 
A set of software testing practices identified in [Dias-Neto et al. 2006] and 

[Greca et al. 2015] 

For the purpose of Characterizing  

With respect to Their use and importance  

In point of view of Practitioners in the software testing field 

In the context of  Software organizations in Brazil and Uruguay 

 6 

Based on this goal, the following research questions (RQ) emerged: 7 

• RQ1: Which are the software testing practices used by practitioners (testers) 8 

in their software organizations? 9 

o Metrics 1.1: The number of software testing practices listed as usually 10 

used by testing practitioners in their software organizations.  11 

• RQ2: Which are the important software testing practices according to the 12 

opinion of testing practitioners? 13 

o Metrics 2.1: The number of software testing practices listed as 14 

“important” according to their opinion. 15 

3.3. Survey Design  16 

3.3.1. Target Population  17 

The practitioners that recently worked or are working with software testing in 18 

organizations in Brazil and Uruguay represent the target population. Two 19 

perspectives can support the observation of Brazilian organizations. The Southern 20 

region, which includes southeast and south regions of Brazil, is the most populated 21 

and economically/industrially developed region in Brazil. São Paulo and Rio de 22 

Janeiro are examples of big southern cities representing significant economic and 23 

financial centers in the country. The Northern region (which includes center west, 24 

northeast and north regions of Brazil) is geopolitically the most distant region of 25 
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Brazil on the economic and financial centers located in South/Southeast regions. 1 

Nevertheless, the Northern region has significant industrial areas with the presence of 2 

large IT companies. Two of these important northern economic and financial centers 3 

are Manaus and Recife. Manaus is approximately 4.200 km away from São Paulo or 4 

Rio de Janeiro.  Furthermore, there are differences among the Southern and Northern 5 

software industries [SOFTEX 2012]. For instance, according to the perspective of 6 

iMPS Project1 southern companies present higher maturity in software process than 7 

northern ones. Southern companies tend to have more employees than northern ones. 8 

Southern companies spend less effort than northern companies do to develop their 9 

software projects. In contrast, southern companies develop smaller projects when 10 

compared to the ones of the northern. [Travassos and Kalinowski 2012]. Therefore, to 11 

allow the balancing of groups and improve our capacity for observation, the Brazilian 12 

organizations were stratified by two regions (Southern and Northern of Brazil). Thus, 13 

the data was analyzed (and compared) separately for each of the three regional 14 

scenarios (Uruguay, Southern/Brazil, and Northern/Brazil). 15 

3.3.2. Sampling Design 16 

The practitioners were sampled by convenience. To increase the coverage and to 17 

allow the spreading of invitations, software organizations and professional 18 

associations were also contacted (usually through the quality assurance and testing 19 

technical leaders in each organization and/or association) to ask for their assistance in 20 

recruiting their software development professionals to take part in the survey. 21 

Additionally, e-mail distribution lists concerned with software testing professionals 22 

were used to support the recruitment of participants in each country. 23 

3.3.3. Test Practices to be Evaluated 24 

To evolve the initial instrument to adequately cover the latest topics in software 25 

testing (since it was originally prepared in 2006), we did a selection of practices 26 

from [Gelperin and Hetzel 1988] which was reported in [Andersson and Runeson 27 

                                                 

 
1 Softex Monitors and provides evidence of the performance variation of organizations adopting the MPS-SW, the 

Brazilian Software Process model - http://www.softex.br/mpsbr/performance-results/ 

http://www.softex.br/mpsbr/performance-results/
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2002; Craig and Jaskiel 2002], [Dias-Neto et al. 2006], and also [Garousi and Zhi 1 

2013]. It is important to notice that [Craig and Jaskiel 2002] is not included in the list 2 

of related works (section 2) because the authors did not develop a survey, but defined 3 

a systematic software testing approach based on the standards [IEEE Std 829 1998] 4 

Standard for Software Test Documentation and [IEEE Std. 610.12 1990] Glossary of 5 

Terms, as well as the authors’ experience. 6 

Therefore, this replication evaluated 42 software testing practices, which were 7 

organized into three categories: Test Processes (practices related to the adopted test 8 

process in the software organization – see Table 6), Test Activities (practices 9 

concerned with the procedures performed during the software testing – see Table 7) 10 

and Test Tools (practices concerned with tools supporting the software testing – see 11 

Table 8). 12 

Table 6. List of Test Processes practices evaluated in this survey. 13 

ID Test Practices 

P01 Documentation of test plan 

P02 Documentation of test procedures and cases  

P03 Recording of the results 

P04 Measurement and analysis of the test coverage  

P05 Use of methodology or process 

P06 Analysis of identified defects 

P07 Identification and use of risks for planning and executing software tests 

P08 Planning/Designing of software testing before coding 

P09 Monitoring adherence to the test process 

P10 Re-execution of tests when the software is modified 

P11 Evaluation of the quality of test artifacts 

P12 Setting a priori criteria to stop the testing execution 

P13 Reporting evaluation of a test round 

Table 7. List of practices related to Test Activities evaluated in this survey. 14 

ID Test Practices 

A01 Definition of a responsible professional or team  

A02 Application of unit tests 

A03 Application of integration tests 

A04 Application of system tests 

A05 Application of acceptance tests 

A06 Application of regression tests 

A07 Application of exploratory tests 

A08 Application of performance tests 

A09 Application of security tests 

A10 Registration of the time spent on testing 

A11 Measurement of the effort/cost of testing 

A12 Storage of records (log) of the executed tests  

A13 Measurement of the defect density 

A14 Conducting training on software testing 
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A15 Separation of testing and development activities 

A16 Storage of test data for future use 

A17 Analysis of fault patterns (trends)  

A18 Availability of human resources allocated full-time for testing 

A19 Selection of test techniques according to the project’s features 

Table 8. List of Test Tools related practices evaluated in this survey. 1 

ID Test Practices 

T01 Availability of a test database for reuse 

T02 Use of tools for automatic execution of test procedures or cases 

T03 Use of tools for automatic generation of test procedures or cases 

T04 Use of test management tools to track and record the results 

T05 Use of tools to estimate test effort and/or schedule 

T06 Use of test management tools to enact activities and artifacts  

T07 Use of tools for recording defects and the effort to fix them (bug tracking) 

T08 Use of coverage measurement tools  

T09 Use of continuous integration tools for automated tests  

T10 Selection of test tools according to project characteristics 

 2 

3.3.4. Instruments used to collect data 3 

We used a questionnaire to collect data from the testing practitioners. This 4 

questionnaire was divided into three parts, corresponding to the three survey’s steps: 5 

1. Profile and demographics of participants; 6 

2. Use of testing processes, activities, and tools, and; 7 

3. The perceived importance of testing processes, activities, and tools. 8 

We implemented the questionnaire in Portuguese and Spanish, the native 9 

languages of both countries and usually spoken in South America. The researchers 10 

peer-reviewed both versions and executed two survey pilots to guarantee the 11 

questionnaires had the same meaning with a few practitioners from Argentina, Brazil, 12 

and Uruguay on which they were able to answer the questionnaire in their native 13 

language. 14 

3.3.5. STEP 1 – Profile and Demographics of Participants  15 

The participants were asked to fill out his/her personal information including: name, 16 

city/country, current company, job position, experience in software testing, academic 17 

degree, certifications in testing, development paradigm expertise, programming 18 

language expertise, software platform used for development in the organization, 19 

company’s size, and quality team configuration. 20 
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3.3.6. STEP 2 – Use of Testing Processes, Activities, and Tools 1 

In the second step, the participants were asked to fill out the questionnaire regarding 2 

their perception of the software testing practices (listed in Table 6, Table 7, and Table 3 

8) used in their current organization. 4 

To evaluate the use level of a test practice, we defined a 5-point Likert scale 5 

with the purpose of reducing the opinions’ variation and obtaining answers that are 6 

more accurate. The amounts express a gradual increase in the level of use for a testing 7 

practice in the practitioner’s opinion: 8 

1) Not Applied: the practice is outside the scope of the organization’s 9 

software projects. It does not make sense the participant to answer it. 10 

2) Not used: the practice is within the scope of the organization’s software 11 

projects, but it is not used in any project. 12 

3) Infrequent use: the practice is not frequently used in the organization’s 13 

software projects. 14 

4) Habitual use: the practice is used in most of the organization’s software 15 

projects. 16 

5) Standard use: the practice is used in all organization’s software projects. 17 

3.3.7. STEP 3 – Importance of Testing Processes, Activities, and Tools 18 

In the third step, the participants were asked to fill out their opinion on the 19 

importance of the software testing practices (listed in Table 6, Table 7, and Table 8) 20 

to software projects. 21 

To evaluate the importance level of a software testing practice, we also 22 

defined a 5-point Likert scale. The amounts express a gradual increase in the level of 23 

importance of a test practice in the practitioner’s opinion: 24 

1) Not important: the practice is not necessary for software projects. 25 

2) Low value: the practice has low importance to use in software projects. 26 

3) Limited value: the practice can be adequate to use in software projects. 27 

4) Significant value: the practice is recommended to use in software 28 

projects. 29 

5) Essential value: the practice must be used in all software projects. 30 
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In the survey, each testing practitioner can answer just one option for the level 1 

of use and one option for level of importance for each software testing practice under 2 

evaluation.  3 

3.4. Data Analysis Procedures  4 

This section describes the data analysis procedures for the two evaluated 5 

characteristics in this study: use and importance. 6 

The answers indicate the opinions of testing practitioners who participated in 7 

this survey. Thus, for each software testing practice evaluated, we need to obtain the 8 

use and importance levels considering the features of each practitioner, by following 9 

the steps below: 10 

1) Differentiate the practitioners' answers, by assigning a weight to each 11 

participant, considering their years of work experience and level of 12 

experience in software testing, academic degree and certifications in 13 

software testing. The mathematical formula used to define the weight of a 14 

participant was inspired by the one proposed by [Dias-Neto et al. 2006]. 15 

 16 

𝑊𝑒𝑖𝑔ℎ𝑡(𝑖) =
𝐷𝑇(𝑖)

𝑀𝑒𝑑𝑖𝑎𝑛𝐷𝑇
+

𝑇𝑇(𝑖)

𝑀𝑒𝑑𝑖𝑎𝑛𝑇𝑇
+ 𝑓(𝑖) + 𝑔(𝑖) + ℎ(𝑖), where: 17 

 18 

• Weight(i) is the total weight assigned to the participant i; 19 

• DT(i) is the number of years of experience reported by the participant i 20 

in software development; 21 

• MedianDT is the median of time working with software development, 22 

considering the answers from all participants; 23 

• TT(i) is the number of years of experience reported by the participant i 24 

in software testing; 25 

• MedianTT is the median of time working with software testing, 26 

considering the answers from all participants; 27 

• f(i) is the highest academic degree of the participant i in Computer 28 

related areas, such as (0) High school, (1) Undergraduate, (2) 29 

Specialization, (3) Master, or (4) Ph.D.; 30 
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• g(i) is the self-assessment of the expertise level by the participant in 1 

the survey’s step 1. The following values were considered: (0) None, 2 

(1) Low, (2) Medium, (3) High, or (4) Excellent; 3 

• h(i) is the number of certifications reported by the participant i in 4 

software testing; 5 

2) Multiply each practitioner’s answer (ranging from 1 to 5, as described in 6 

section 3.3) by its weight. Then, sum the value obtained for each 7 

participant to calculate the total for each software testing practice 8 

evaluated in this survey. 9 

𝑇𝑜𝑡𝑎𝑙(𝑗) = ∑ (𝐴𝑛𝑠𝑤𝑒𝑟(𝑖, 𝑗) ∗ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖))𝑁
𝑖=1 , 10 

where: 11 

• Total(j) is the total value obtained for use/importance regarding the 12 

software testing practice j; 13 

• Answer(i,j) is the answer value (1 to 5) relating to the use or 14 

importance of the participant i for the software testing practice j; 15 

• Weight(i) is the weight of the participant i; 16 

3) Finally, calculate the use or importance levels in value between 0 and 17 

100%, by normalizing the value obtained in step 2 for each test practice, 18 

that is, divide the value achieved in the previous step by the maximum 19 

possible value: 𝑇𝑜𝑡𝑎𝑙(𝑗) ÷ (∑ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖) ∗ 5)𝑁
𝑖=1 ; 20 

4) For each software testing practice, analyze: 21 

a. The Use and Importance of each question group (activities, 22 

processes, and tools), including the identification of most 23 

used/important software testing practice; 24 

b. The differences that eventually can exist among regions. The null 25 

hypothesis states there is no difference in the use/importance level 26 

for each software testing practice; 27 

c. The difference between the levels of Use and Importance 28 

perceived by practitioners. By testing the null hypothesis regards 29 

the existence of a significant correlation between the levels of Use 30 

and Importance for each evaluated practice; 31 

In the next section, we present the data collected in this replication. 32 
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4. Collected Data 1 

4.1. Survey Execution  2 

This survey was conducted using the Lime Survey2 software hosted in the Experimental 3 

Software Engineering Group at COPPE/UFRJ main server. The questionnaire was 4 

available to the invitees for one month from mid-October to mid-November 2015. 5 

Participants were asked to complete the survey online. Respondents could withdraw 6 

their results from the study at any time and, as per the scientific and ethical 7 

principles, researchers agreed to publish only summarized and aggregated 8 

information. We sent email invitations to the organizations, professional associations 9 

or directly to subjects.  10 

4.2. Profile and Demographics of the Participants  11 

4.2.1. Distribution per Region  12 

In total, we received 150 responses. The group Southern/Brazil contributed with 56 13 

(~37%), Northern/Brazil with 50 (~33%) and Uruguay with 44 questionnaires 14 

(~30%). There was a relatively even distribution of answers among Southern/Brazil, 15 

Northern/Brazil, and Uruguay.  16 

4.2.2. Practitioners Positions and Work Experience 17 

Analyzing the participants’ positions in the organizations they work with, we 18 

observed that most of them claim to be Test Analysts (mainly in Brazil), Testers 19 

(primarily in Uruguay) or Project Managers (distributed in all regions). This 20 

distribution may reflect the terminology of positions used in each site. We can 21 

observe that 99 (66%) are working on quality/testing (Quality Manager, Test Leader, 22 

Test Analyst, and Tester) and 51 (34%) of them are working within other IT and 23 

software development activities (Analyst, Architect, Developer, and Project 24 

Manager). Figure 2 presents these results. 25 

                                                 

 
2 https://www.limesurvey.org 
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The participants working in IT and software development reported, on 1 

average, 13.2 years of industrial experience, while the participants working with 2 

software quality/testing reported, in average, 7.4 years of industrial experience. 3 

 4 

Figure 2. Participants per Position. 5 

 6 

4.2.3. Academic background (degree level)  7 

Analyzing the participants’ academic degrees (Figure 3) we can observe that almost 8 

half of them hold a University degree (~45%). Moreover, 45% have pursued further 9 

studies (Post-graduated (~25%) and M.Sc. (~20%) degree). Only two Ph.D.’s 10 

participated in this survey (~1%). We also observed a high number of participants 11 

with a Technical training (~9%), especially in Uruguay. 12 

4.2.4. Software Testing Certification  13 

In this question, participants were asked to report their software testing 14 

certification(s). Out of all 150 respondents, 63 (about 42%) mentioned that they hold 15 

at least one type of software testing certification, being 31 from Northern/Brazil, 20 16 

from Southern/Brazil and 12 from Uruguay. Proportionally, Northern/Brazil has more 17 

professionals certified in software testing, with 62% (31/50) of the participants, 18 

against 35% (20/56) from Southern/Brazil and 27% (12/44) from Uruguay. Table 9 19 
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describes the eight reported types of certifications and Figure 4 presents the 1 

distribution of participants per certifications in software testing. 2 

 3 

Figure 3. Participants per Academic Degree. 4 

 5 

The ISTQB certification is becoming popular on a global scale, having over 6 

400,000 certifications issued (as of March 2015) in over 100 countries. These 7 

numbers justify the high number of professionals with this certification among the 8 

certified participants (~94%). The other certifications have a small number of 9 

professionals certified among the participants. 10 

Table 9. Reported certifications in testing. 11 

Certification Offered by 

Brazilian Certificate in Software Testing (CBTS) Latin American Association for Software Testing 

Foundation-Level Certified Tester 
International Software Testing Qualifications Board 

(ISTQB) 

Certified Software Quality Analyst (CSQA) International Software Certification Board (ISCB) 

Practitioner Certificate in Software Testing International Software Engineering Board (ISEB) 

Certified Software Tester (CSTE) International Software Certification Board (ISCB) 

Certified Test Manager (CTM) Institute for Software Testing (IIST) 

Certified Software Quality Engineer (CSQE) American Society for Quality (ASQ) 

Diploma on Software Testing (CES) 

Centro de Ensayos de Software (CES). 

Only participants from Uruguay reported achieving 

this certification. 

College
Degree

BSc
Post-

graduation
MSc PhD

Northern/Brazil 1 21 18 9 1

Southern/Brazil 0 24 17 15 0

Uruguay 12 22 3 6 1
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 1 

 2 

Figure 4. Participants per certifications in testing. 3 

4.2.5. Company size  4 

Half of the participants work in companies with more than 100 employees. The other 5 

categories also had a sufficient number of participants to support the analysis 6 

covering a broad spectrum of company sizes. Figure 5 shows the chart of company 7 

sizes regarding the number of employees. 8 

 9 

Figure 5. Participants per Company Size. 10 

 11 
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Northern/Brazil 3 30 1 2 1

Southern/Brazil 1 18 1 1

Uruguay 0 11 2

0

5

10

15

20

25

30

35

# 
P

ar
ti

ci
p

an
ts

Less than 10 10 - 49 50 - 100
More than

100

Northern/Brazil 5 7 8 30

Southern/Brazil 5 17 12 22

Uruguay 2 10 9 23

0

5

10

15

20

25

30

35

# 
P

ar
ti

ci
p

an
ts



Dias-Neto et al. Page 23 

 

5. Analysis of Results 1 

In this section, we present the results analysis in four steps. Firstly, we analyzed the 2 

influence of each participant in the study and identified possible outliers. Secondly, 3 

we analyzed the use of the evaluated software testing practices in organizations of 4 

Southern/Brazil, Northern/Brazil, and Uruguay. Thirdly, we analyzed the perceived 5 

use and importance levels of the evaluated software testing practices. Finally, we 6 

analyzed the correlation between the levels of use and importance of software testing 7 

practices. 8 

5.1. Analysis of Participants’ Influence 9 

We observed that some participants could inject too much influence with their 10 

answers in respect with the whole group. It is due to their experience and/or academic 11 

degree, as defined in the weight formula described in section 3.4.  12 

All the respondents’ weights were calculated, and those in the 4th quartile 13 

(expert) and below the 1st quartile (novice) were considered “outliers.”  It allowed to 14 

identify and provide an objective weight cut-off value. To support this decision, we 15 

also observed the weight distribution through a dispersion graph (Figure 6). The 16 

resulting cut-off value for four quartiles was 11.9, representing 13 participants with 17 

weight’s values above the threshold. 18 

Likewise, we performed the same analysis for the subjects in the lower end of 19 

the weight distribution (1st quartile), resulting in a cut-off value of 3.8, representing 20 

seven participants with weight’s value below this limit. Table 10 presents the profile 21 

of the excluded subjects.  22 

The data analysis presented in the following sections does not include the 23 

answers from the respondents detailed in Table 10. By doing so, we believe the 24 

results can better represent the practical perspective of most companies and regular 25 

practitioners in the field.  26 

 27 
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 1 

Figure 6. Distribution of Subject’s Weight. 2 

Table 10. Profile of outliers. 3 

Outlier 

because of 
Region Role 

Years in IT 

industry 

Years in 

Testing 

Highest academic 

degree 

Expert 

(4th quartile) 

Northern/Brazil 

Quality Manager 12 10 Master 

Test Leader 30 14 Specialization 

Test Leader 10 10 Master 

Quality Manager 15 9 PhD 

Project Manager 35 12 Specialization 

Test Leader 12 10 Master 

Uruguay Project Manager 33 33 Master 

Southern/Brazil 

Test Leader 12 10 Master 

Project Manager 15 10 Master 

Test Leader 21 14 Master 

Analyst 30 7 Master 

Test Analyst 16 15 Specialization 

Quality Manager 15 12 Master 

Novice 

(1st quartile) 

Northern/Brazil 

Tester 2 2 Undergrad 

Analyst 5 0 Specialization 

Tester 2 1 Undergrad 

Uruguay Tester 2 2 Undergrad 

Southern/Brazil 

Quality Manager 10 1 Specialization 

Test Analyst 3 1 Undergrad 

Project Manager 3 1 Specialization 

 4 
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5.2. Analysis of Test Practices 1 

5.2.1. Use of test Practices 2 

Table 11 presents the results of the use of software testing practices per 3 

region. The most used software testing practices for each region in each category 4 

(process, activities, and tools) have their cells marked in black, and the least used 5 

ones have the cells marked in gray. To calculate the level of use for each test practice, 6 

we applied the formulas described in section 3.4.  7 

Exemplifying the criteria defined in section 3.4, let’s use the practice Test 8 

plan documentation for the group Northern/Brazil. First, we calculated the sum of 9 

weights for all participants (∑ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖)𝑛
1 = 290.58). Then, we obtained the total 10 

value for this practice using the formula: 11 

𝑇𝑜𝑡𝑎𝑙𝑈𝑠𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)12 

=  ∑(𝐴𝑛𝑠𝑤𝑒𝑟(𝑖, 𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) ∗ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖) = 1128.08

𝑁

1

 13 

Finally, we calculate the level of use value between 0 and 100% by 14 

normalizing the total value. To achieve this, the maximum possible value divided the 15 

calculated total for Test plan documentation: 16 

𝑈𝑠𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) =
𝑇𝑜𝑡𝑎𝑙𝑈𝑠𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)

∑ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖) ∗ 5𝑛
1

17 

=  
1128.08

(290.58 ∗ 5)
= 77,64 ~ 78% 18 

We could observe an interesting pattern by analyzing the best practices 19 

(higher level of use) across the three regions. The same three software testing 20 

practices concerned with the test process appears as the most used –albeit in different 21 

order – in the three regions (Documentation of test procedures and cases, Recording 22 

of the results, and Re-execution of tests when the software is modified). 23 

Among the software testing practices concerned with the test activities, there 24 

are also three mentioned practices among the four most used ones (Definition of a 25 

responsible professional or team, Application of integration tests, Application of 26 

system tests). The least used software testing practices in this category were the same 27 

two in all groups: Measuring defects density and Analysis of fault patterns (trends). 28 
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Table 11. Use of Test Practices. 1 

Test Practices N BR  S BR UY 

P01.Documentation of test plan 78% 69% 79% 

P02.Documentation of test procedures and cases  86% 81% 83% 

P03.Recording of the results 91% 86% 90% 

P04.Measurement and analysis of the test coverage  65% 65% 66% 

P05.Use of methodology or process 75% 73% 74% 

P06.Analysis of identified defects 71% 73% 71% 

P07.Identification and use of risks for planning and executing software tests 68% 63% 65% 

P08.Planning/Designing of software testing before coding 62% 59% 58% 

P09.Monitoring adherence to the test process 64% 58% 61% 

P10.Re-execution of tests when the software is modified 90% 87% 86% 

P11.Evaluation of the quality of test artifacts 63% 60% 62% 

P12.Setting apriori criteria to stop the testing execution 65% 63% 64% 

P13.Reporting evaluation of a test round 72% 62% 74% 

A01.Definition of a responsible professional or team  90% 84% 89% 

A02.Application of unit tests 71% 79% 78% 

A03.Application of integration tests 79% 83% 86% 

A04.Application of system tests 88% 89% 88% 

A05.Application of acceptance tests 83% 82% 85% 

A06.Application of regression tests 84% 83% 84% 

A07.Application of exploratory tests 85% 77% 82% 

A08.Application of performance tests 70% 68% 71% 

A09.Application of security tests 70% 68% 74% 

A10.Registration of the time spent on testing 66% 71% 70% 

A11.Measurement of the effort/cost of testing 62% 69% 65% 

A12.Storage of records (log) of the executed tests  78% 79% 83% 

A13.Measurement of the defect density 47% 56% 49% 

A14.Conducting training on software testing 64% 62% 66% 

A15.Separation of testing and development activities 82% 82% 85% 

A16.Storage of test data for future use 78% 70% 77% 

A17.Analysis of regular pattern (trend) faults 63% 57% 60% 

A18.Definition of human resources allocated full-time for testing 78% 77% 83% 

A19.Selection of test techniques according to the project’s features 80% 70% 84% 

T01.Availability of a test database for reuse 80% 78% 85% 

T02.Use of tools for automatic execution of test procedures or cases 68% 69% 66% 

T03.Use of tools for automatic generation of test procedures or cases 58% 62% 62% 

T04.Use of test management tools to track and record the results 82% 75% 84% 

T05.Use of tools to estimate test effort and/or schedule 64% 65% 63% 

T06.Use of test management tools to enact activities and artifacts  71% 68% 71% 

T07.Use of tools for recording defects and the effort to fix them (bug tracking) 86% 84% 88% 

T08.Use of coverage measurement tools  57% 62% 54% 

T09.Use of continuous integration tools for automated tests  59% 70% 61% 

T10.Selection of test tools according to project characteristics 69% 66% 71% 

 2 

Analyzing the practices related to testing tools, the three most used practices 3 

are the same for the two Brazilian regions – albeit in different order – (Availability of 4 

a test database for reuse, Use of test management tools to track and record the 5 
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results, Use of tools for recording defects and the effort to fix them (bug tracking)). 1 

Sharing only one practice with the three most used ones in Uruguay (Availability of a 2 

test database for reuse). Use of coverage measurement tools is mentioned within the 3 

three used practices in all three regions. 4 

5.2.2. Importance of Test Practices 5 

The importance perceived by the participants on the software testing practices per 6 

region can be observed in Table 12. The most important software testing practices for 7 

each region and in each category (process, activities, and tools) have their cells 8 

marked in black, and the least important ones have their cells marked in gray. 9 

The procedure to calculate the importance level is the same as exemplified in 10 

the previous section. For instance, for practice Test plan documentation for the group 11 

Northern/Brazil: 12 

𝑇𝑜𝑡𝑎𝑙𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)13 

=  ∑(𝐴𝑛𝑠𝑤𝑒𝑟(𝑖, 𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) ∗ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖) = 1305.43

𝑁

1

 14 

Finally, we calculate the importance level value between 0 and 100% by 15 

normalizing the total value. To achieve this, the maximum possible value divided the 16 

calculated total for Test plan documentation: 17 

𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)18 

=
𝑇𝑜𝑡𝑎𝑙𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒(𝑇𝑒𝑠𝑡 𝑃𝑙𝑎𝑛 𝐷𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)

∑ 𝑊𝑒𝑖𝑔ℎ𝑡(𝑖)𝑛
1 ∗ 5

=  
1232.79

(290.58 ∗ 5)
19 

= 84.85 ~ 85% 20 

 21 

There are three software testing practices related to the test process perceived 22 

as most important in all the three regions (Documentation of test procedures and 23 

cases, Recording of the results identified during test execution, Re-execution of tests 24 

when the software is modified). Planning/Designing of software testing before coding 25 

and Monitoring adherence to the test process were ranked within the three least 26 

important practices in all regions. 27 

 28 
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Table 12. The perceived importance of Test Practices. 1 

Test Practices N BR  S BR UY 

P01.Documentation of test plan 85% 75% 85% 

P02.Documentation of test procedures and cases  87% 84% 89% 

P03.Recording of the results identified during test execution 94% 90% 94% 

P04.Measurement and analysis of the test coverage  75% 79% 76% 

P05.Use of methodology or process 81% 78% 80% 

P06.Analysis of identified defects 77% 79% 76% 

P07.Identification and use of risks for planning and executing software tests 75% 74% 77% 

P08.Planning/Designing of software testing before coding 68% 70% 67% 

P09.Monitoring adherence to the test process 75% 66% 72% 

P10.Re-execution of tests when the software is modified 92% 91% 90% 

P11.Evaluation of the quality of test artifacts 71% 69% 75% 

P12.Setting a priori criteria to stop the testing execution 77% 73% 74% 

P13.Reporting evaluation of a test round 80% 67% 86% 

A01.Definition of a responsible professional or team  94% 86% 92% 

A02.Application of unit tests 81% 88% 86% 

A03.Application of integration tests 87% 90% 92% 

A04.Application of system tests 92% 94% 93% 

A05.Application of acceptance tests 88% 89% 92% 

A06.Application of regression tests 90% 91% 90% 

A07.Application of exploratory tests 82% 81% 75% 

A08.Application of performance tests 81% 77% 81% 

A09.Application of security tests 88% 79% 85% 

A10.Registration of the time spent on testing 75% 75% 78% 

A11.Measurement of the effort/cost of testing 78% 76% 78% 

A12.Storage of records (log) of the executed tests  84% 78% 87% 

A13.Measurement of the defect density 63% 65% 60% 

A14.Conducting training on software testing 80% 80% 80% 

A15.Separation of testing and development activities 80% 84% 85% 

A16.Storage of test data for future use 81% 77% 78% 

A17.Analysis of regular pattern (trend) faults 73% 72% 71% 

A18.Definition of human resources allocated full-time for testing 84% 89% 85% 

A19.Selection of test techniques according to the project’s features 84% 80% 85% 

T01.Availability of a test database for reuse 81% 88% 91% 

T02.Use of tools for automatic execution of test procedures or cases 78% 81% 81% 

T03.Use of tools for automatic generation of test procedures or cases 69% 71% 73% 

T04.Use of test management tools to track and record the results 83% 84% 88% 

T05.Use of tools to estimate test effort and/or schedule 73% 75% 74% 

T06.Use of test management tools to enact activities and artifacts  78% 80% 76% 

T07.Use of tools for recording defects and the effort to fix them (bug tracking) 89% 89% 92% 

T08.Use of coverage measurement tools  71% 78% 68% 

T09.Use of continuous integration tools for automated tests  75% 82% 70% 

T10.Selection of test tools according to project characteristics 83% 78% 83% 

 2 

One practice related to testing activities (Application of system tests) was 3 

evaluated either the most important or second most important in all regions. The 4 
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practices Measurement of the defect density and Analysis of faults patterns (trend) 1 

were the least important in all three regions.  2 

Finally, analyzing the tools, the practice Use of tools for recording defects and 3 

the effort to fix them (bug tracking) was evaluated as the most important in the three 4 

regions. The practices Tools for automatic generation of test procedures/cases and 5 

Coverage management tools in testing phases were evaluated as the within the three 6 

least important in all regions. 7 

5.3. Analysis of differences among regions 8 

To evaluate the existence of differences among the regions, we performed a non-9 

parametric Kruskal-Wallis test, since the distributions are not homoscedastic and 10 

normal. We worked with a confidence level of 90% (p > 0.1). The results show there 11 

are 16 software testing practices in which the levels of use and importance are 12 

different among the regions. I.E. the levels of use and importance of software testing 13 

practices are perceived differently in the three regions with variations that can be 14 

accounted to chance with a 90% confidence. Table 13 presents these results marking 15 

the exceptions in bold. 16 

Table 13. Kruskal-Wallis test results for Test Practices (independent factor: 17 

Region). 18 

Test Practices 
Use Importance 

χ2 Sig. χ2 Sig 

P01.Documentation of test plan 7.744 0.02 6.686 0.03 

P02.Documentation of test procedures and cases   2.432 0.30 5.219 0.07 

P03.Recording of the results 3.547 0.17 4.013 0.13 

P04.Measurement and analysis of the test coverage  3.075 0.22 2.587 0.27 

P05.Use of methodology or process 2.282 0.32 2.701 0.26 

P06.Analysis of identified defects 2.419 0.30 2.371 0.31 

P07.Identification and use of risks for planning and executing 

software tests 2.212 0.33 3.891 0.14 

P08.Planning/Designing of software testing before coding 1.949 0.38 3.605 0.17 

P09.Monitoring adherence to the test process 1.879 0.39 4.518 0.10 

P10.Re-execution of tests when the software is modified 2.134 0.34 2.029 0.36 

P11.Evaluation of the quality of test artifacts 3.536 0.17 6.377 0.04 

P12.Setting a priori criteria to stop the testing execution 2.948 0.30 2.248 0.33 

P13.Reporting evaluation of a test round 6.686 0.03 13.784 0.00 

A01.Definition of a responsible professional or team  4.677 0.01 86.563 0.00 

A02.Application of unit tests 3.568 0.17 5.332 0.07 

A03.Application of integration tests 3.601 0.17 0.126 0.94 

A04.Application of system tests 1.123 0.57 0.613 0.763 
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A05.Application of acceptance tests 2.609 0.27 3.863 0.15 

A06.Application of regression tests 1.851 0.40 1.462 0.48 

A07.Application of exploratory tests 4.904 0.09 6.463 0.04 

A08.Application of performance tests 5.750 0.06 1.978 0.37 

A09.Application of security tests 8.156 0.02 4.861 0.09 

A10.Registration of the time spent on testing 0.408 0.86 6.878 0.03 

A11.Measurement of the effort/cost of testing 0.077 0.96 1.364 0.51 

A12.Storage of records (log) of the executed tests  2.288 0.32 2.433 0.29 

A13.Measurement of the defect density 0.075 0.963 20.658 0.00 

A14.Conducting training on software testing 2.444 0.295 8.832 0.01 

A15.Separation of testing and development activities 1.707 0.43 0.193 0.91 

A16.Storage of test data for future use 5.321 0.07 4.778 0.09 

A17. Analysis of faults patterns (trend) 3.227 0.20 3.922 0.14 

A18.Availability of human resources allocated full-time for testing 2.713 0.23 3.277 0.19 

A19.Selection of test techniques according to the project’s features 8.494 0.01 3.607 0.17 

T01.Availability of a test database for reuse 5.518 0.06 4.890 0.09 

T02.Use of tools for automatic execution of test procedures or cases 1.255 0.53 1.269 0.53 

T03.Use of tools for automatic generation of test procedures or cases 3.032 0.22 1.975 0.372 

T04.Use of test management tools to track and record the results 5.219 0.07 2.857 0.24 

T05.Use of tools to estimate test effort and/or schedule 1.798 0.40 0.398 0.82 

T06.Use of test management tools to enact activities and artifacts  2.885 0.24 1.088 0.58 

T07.Use of tools for recording defects and the effort to fix them (bug 

tracking) 
2.351 0.31 3.050 0.22 

T08.Use of coverage measurement tools  0.126 0.94 0.234 0.89 

T09.Use of continuous integration tools for automated tests  0.515 0.773 1.222 0.54 

T10.Selection of test tools according to project characteristics 3.195 0.20 4.488 0.11 

 1 

Notice that when applying the Kruskal-Wallis test we made no inference on 2 

how useful or important the practices are – they were evaluated in the previous 3 

section. These results show for which practices the division by region is a factor. For 4 

example, for the practice Reporting evaluation of a test round, there are significant 5 

differences in how practitioners in the regions perceive the usefulness and 6 

importance of this practice. To summarize, we understand that these results indicate 7 

that the practices highlighted in this section deserve further research to understand the 8 

reasons for getting different results in the regions.  9 

5.4. Analysis of correlation between Use and Importance 10 

Table 14 presents the calculated correlation between the levels of use and importance 11 

for each question. We used the Spearman’s rho correlation coefficient, considering 12 

values above 0.5 as highly correlated. We used a two-tail test with p>0.01 to evaluate 13 

significance; all computed correlations were reported significant for this test. 14 
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It is noteworthy that almost all software testing practices are significantly 1 

correlated (discussions in Section 6.4). The only exception being: Definition of a 2 

responsible professional or team. 3 

Table 14. Spearman’s Correlation between Use and Importance.  4 

Test Practices Spearman Correlation 

P01.Documentation of test plan .846 

P02.Documentation of test procedures and cases  .860 

P03.Recording of the results .902 

P04.Measurement and analysis of the test coverage  .748 

P05.Use of methodology or process .830 

P06.Analysis of identified defects .787 

P07.Identification and use of risks for planning and executing software tests .763 

P08.Planning/Designing of software testing before coding .674 

P09.Monitoring adherence to the test process .710 

P10.Re-execution of tests when the software is modified .878 

P11.Evaluation of the quality of test artifacts .726 

P12.Setting apriori criteria to stop the testing execution .821 

P13.Reporting evaluation of a test round .713 

A01.Definition of a responsible professional or team  .332 

A02.Application of unit tests .698 

A03.Application of integration tests .757 

A04.Application of system tests .878 

A05.Application of acceptance tests .814 

A06.Application of regression tests .850 

A07.Application of exploratory tests .807 

A08.Application of performance tests .646 

A09.Application of security tests .635 

A10.Registration of the time spent on testing .589 

A11.Measurement of the effort/cost of testing .669 

A12.Storage of records (log) of the executed tests  .724 

A13.Measurement of the defect density .576 

A14.Conducting training on software testing .590 

A15.Separation of testing and development activities .748 

A16.Storage of test data for future use .758 

A17. Analysis of faults patterns (trend) .617 

A18.Availability of human resources allocated full-time for testing .694 

A19.Selection of test techniques according to the project’s features .811 

T01.Availability of a test database for reuse .810 

T02.Use of tools for automatic execution of test procedures or cases .678 

T03.Use of tools for automatic generation of test procedures or cases .630 

T04.Use of test management tools to track and record the results .827 

T05.Use of tools to estimate test effort and/or schedule .650 

T06.Use of test management tools to enact activities and artifacts  .634 

T07.Use of tools for recording defects and the effort to fix them (bug tracking) .845 

T08.Use of coverage measurement tools  .730 

T09.Use of continuous integration tools for automated tests  .718 

T10.Selection of test tools according to project characteristics .695 
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 1 

5.5. Summary on the Used and Important software testing 2 

practices 3 

Finally, this section intends to summarize the results and provides actionable 4 

results for practitioners. To analyze the level of use, we divided the tests practices 5 

into two equal groups of the total of 42 software testing practices: (A) Top 21 6 

practices with highest levels of use and (B) the remaining ones. We did the same for 7 

the analysis of importance. We divided the software testing practices into two groups: 8 

(1) Top 21 practices with highest levels of importance and (2) the remaining ones. 9 

With this division, we created a quadrant with the axes representing use and 10 

importance. Table 15, Table 16 and Table 17 present these quadrants for the data 11 

obtained from, respectively, Northern/Brazil, Southern/Brazil, and Uruguay.  12 

We also analyzed the three regions as a whole. The set of software testing 13 

practices “More used” and “More important” includes those practices perceived by 14 

the practitioners to be the core subset of software testing practices in the three 15 

regions. These are: 16 

• Application of acceptance tests; 17 

• Application of integration tests; 18 

• Application of regression tests; 19 

• Application of system tests; 20 

• Availability of a test database for reuse; 21 

• Availability of human resources allocated full-time for testing; 22 

• Definition of a responsible professional or team; 23 

• Documentation of test procedures and cases; 24 

• Recording of the results identified during test execution; 25 

• Re-execution of tests when the software is modified; 26 

• Selection of tests techniques according to the project’s features; 27 

• Use of test management tools to track and record the results; 28 

• Use of tools for recording defects and the effort to fix them (bug tracking); 29 

 30 
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Table 15. Use x Importance Analysis (Northern/Brazil). 1 

Use x 

Importance 
(A) More “Used” (B) Less “Used” 

(1) More 

“Important” 

Application of acceptance tests; 

Application of exploratory tests; 

Application of integration tests;  

Application of regression tests;  

Application of system tests;  

Availability of a test database for reuse; 

Availability of human resources 

allocated full-time for testing 

Definition of a responsible professional 

or team;  

Documentation of test plan;  

Documentation of test procedures and 

cases;  

Recording of the results;  

Re-execution of tests when the software 

is modified;  

Selection of test techniques according 

to the project’s features;  

Storage of records (log) of the executed 

tests;  

Storage of test data for future use;  

Use of methodology or process;  

Use of test management tools to track 

and record the results;  

Use of tools for recording defects and 

the effort to fix them (bug tracking); 

Application of performance tests;  

 

Application of security tests;  

 

Selection of test tools according to project 

characteristics;  

(2) Less 

“Important” 

Reporting evaluation of a test round; 

 

Separation of testing and development 

activities;  

 

Use of test management tools to enact 

activities and artifacts;  

 

Analysis of fault patterns (trends);  

Analysis of identified defects; 

Application of unit tests;  

Conducting training on software testing; 

Evaluation of the quality of test artifacts; 

Identification and use of risks for planning and 

executing software tests;  

Measurement and analysis of the test coverage;  

Measurement of the defect density;  

Measurement of the effort/cost of testing; 

Monitoring adherence to the test process; 

Planning/Designing of software testing before 

coding;  

Registration of the time spent on testing; 

Setting apriori criteria to stop the testing execution;  

Use of continuous integration tools for automated 

tests;  

Use of coverage measurement tools;  
Use of tools for automatic execution of test 

procedures or cases; 

Use of tools for automatic generation of test 

procedures or cases; 

Use of tools to estimate test effort and/or schedule; 

 2 

 3 

 4 
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Table 16. Use x Importance Analysis (Southern/Brazil). 1 

Use x 

Importance 
(A) More “Used” (B) Less “Used” 

(1) More 

“Important” 

Application of acceptance tests;  

Application of exploratory tests;  

Application of integration tests;  

Application of regression tests;  

Application of system tests;  

Application of unit tests;  

Availability of a test database for reuse;  

Availability of human resources 

allocated full-time for testing;  

Definition of a responsible professional 

or team; 

Documentation of test procedures and 

cases; 

Recording of the results;  

Re-execution of tests when the software 

is modified; 

Selection of test techniques according 

to the project’s features;  

Separation of testing and development 

activities; 

Use of continuous integration tools for 

automated tests; 

Use of test management tools to track 

and record the results;  

Use of tools for recording defects and 

the effort to fix them (bug tracking); 

Application of security tests; 

 

Conducting training on software testing; 

 

Use of test management tools to enact activities and 

artifacts;  

 

Use of tools for automatic execution of test 

procedures or cases;  

(2) Less 

“Important” 

Analysis of identified defects;  

 

Registration of the time spent on 

testing; 

 

Storage of records (log) of the executed 

tests; 

 

Use of methodology or process;  

Analysis of fault patterns (trends); 

Application of performance tests; 

Documentation of test plan; 

Evaluation of the quality of test artifacts; 

Identification and use of risks for planning and 

executing software tests; 

Measurement and analysis of the test coverage;  

Measurement of the effort/cost of testing;  

Monitoring adherence to the test process;  

Planning/Designing of software testing before 

coding;  

Reporting evaluation of a test round;  

Selection of test tools according to project 

characteristics; 

Setting apriori criteria to stop the testing execution;  

Storage of records (log) of the executed tests;  

Storage of test data for future use; 

Use of coverage measurement tools; 

Use of tools for automatic generation of test 

procedures or cases;  

Use of tools to estimate test effort and/or schedule;  

 2 
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Table 17. Use x Importance Analysis (Uruguay). 1 

Use x 

Importance 
(A) More “Used” (B) Less “Used” 

(1) More 

“Important” 

Application of acceptance tests;  

Application of integration tests;  

Application of regression tests;  

Application of security tests;  

Application of system tests;  

Application of unit tests;  

Availability of a test database 

Availability of human resources allocated full-

time for testing;  

Definition of a responsible professional or team; 

Documentation of test plan;  

Documentation of test procedures and cases; 

for reuse;  

Recording of the results;  

Re-execution of tests when the software is 

modified;  

Reporting evaluation of a test round; 

Selection of test techniques according to the 

project’s features; 

Separation of testing and development activities; 

Storage of records (log) of the executed tests; 

Use of test management tools to track and record 

the results;  

Use of tools for recording defects and the effort 

to fix them (bug tracking); 

Application of performance tests; 

 

Selection of test tools according to project 

characteristics; 

(2) Less 

“Important” 

Application of exploratory tests;  

 

Storage of test data for future use; 

 

Analysis of fault patterns (trends);  

Analysis of identified defects; 

Conducting training on software testing; 

Evaluation of the quality of test artifacts; 

Identification and use of risks for planning 

and executing software tests; 

Measurement and analysis of the test 

coverage;  

Measurement of the defect density; 

Measurement of the effort/cost of testing;  

Monitoring adherence to the test process; 

Planning/Designing of software testing 

before coding;  

Registration of the time spent on testing; 

Setting apriori criteria to stop the testing 

execution;  

Use of continuous integration tools for 

automated tests; 

Use of coverage measurement tools;  

Use of methodology or process;  

Use of test management tools to enact 

activities and artifacts;  

Use of tools for automatic execution of test 

procedures or cases;  

Use of tools for automatic generation of test 

procedures or cases;  

Use of tools to estimate test effort and/or 

schedule;  

 2 

 3 
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The set of software testing practices “More used” and “Less important” 1 

includes those practices applied by software organizations, but the practitioners do 2 

not see their importance to support testing activities. None of the practices was 3 

classified in this quadrant in all three regions. 4 

The set of software testing practices “Less used” and “More important” 5 

includes those practices not applied by practitioners in their organizations, but they 6 

understand they would be important and should be used in software projects. None of 7 

the practices was classified in this quadrant in all three regions. However, three 8 

practices were cited by two regions. These are: 9 

• Application of performance tests;  10 

• Application of security tests;  11 

• Selection of test tools according to project characteristics; 12 

The last subset of the practices “Less used” and “Less important” may point 13 

out the gap between the academia and industry. We believe these software testing 14 

practices point out aspects to be included in the practitioners’ training courses, as they 15 

do not perceive the benefits of their application yet. These are:  16 

• Analysis of fault patterns (trends;) 17 

• Evaluation of the quality of test artifacts; 18 

• Identification and use of risks for planning and executing software tests; 19 

• Measurement and analysis of the test coverage; 20 

• Measurement of the defect density; 21 

• Measurement of the effort/cost of testing; 22 

• Monitoring adherence to the test process; 23 

• Planning/Designing of software testing before coding; 24 

• Setting a priori criteria to stop the testing execution; 25 

• Use of coverage measurement tools; 26 

• Use of tools for automatic generation of test procedures or cases; 27 

• Use of tools to estimate test effort and/or schedule; 28 
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6. Discussion 1 

6.1. Comparing the results with previous replications of this 2 

survey 3 

To compare the results of this survey with the previous replications by our 4 

research team, we will compare the results of the “More Important” and “More 5 

Used”, and the “Less Important” and “Less Used” between the three surveys. For this 6 

comparison to be meaningful, it is important to note that the three analysis followed 7 

the same methodology described in the previous section. 8 

The following tables present the result of this comparison. In Table 18, it can 9 

be observed that there is a general consistency in the Practices that resulted “More 10 

Important” and “More Used” in these three surveys. Of the 16 practices documented 11 

in Table 18, five are common in the three surveys. 12 

Table 18. Comparison of “More Important” and “More Used” among surveys from 13 

our research group. 14 

“More Important” x “More Used” Practice In this survey 
In [Greca et al. 

2015] 

In [Dias-Neto 

et al. 2006] 

Application of acceptance tests ✔ ✔ ✔ 

Application of integration tests ✔ ✔ ✔ 

Application of regression tests ✔   

Application of system tests ✔ ✔ ✔ 

Availability of human resources allocated full-time 

for testing ✔ ✔  

Definition of a responsible professional or team ✔ ✔ ✔ 

Documentation of test procedures and case ✔  ✔ 

Recording of the results identified during test 

execution ✔ ✔ ✔ 

Re-execution of tests when the software is modified ✔  ✔ 

Application of unit tests  ✔  

Analysis of regular pattern (trend) faults  ✔  

Separation of testing and development activities  ✔ ✔ 

Use of methodology or process   ✔ 

Documentation of test plan  ✔ ✔ 

Storage of test data for future use  ✔ ✔ 

Evaluation of the quality of test artifacts   ✔ 

 15 
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Furthermore, only two practices appeared in only one of the surveys as “More 1 

Important” and “More Used”. In contrast, the results are not so consistent as to the 2 

“Less Important” and “Less used”. First of all, the analysis by [Greca et al. 2015] 3 

resulted in no practices that met the analysis criteria for classifying a practice in this 4 

quadrant. Furthermore, 7 out of 18 practices in Table 19 are shared by the results of 5 

this survey and the results of [Dias-Neto et al. 2006]. 6 

Table 19. Comparison of “Less Important” and “Less Used” among surveys from 7 

our research group. 8 

“Less Important” x “Less Used” Practice In this survey 
In [Greca et 

al. 2015] 

In [Dias-Neto 

et al. 2006] 

Analysis of fault patterns (trends) ✔  ✔ 

Evaluation of the quality of test artifacts ✔   

Identification and use of risks for planning and 

executing software tests ✔  ✔ 

Measurement and analysis of the test coverage ✔   

Measurement of the defect density ✔   

Measurement of the effort/cost of testing ✔  ✔ 

Monitoring adherence to the test process ✔  ✔ 

Planning/Designing of software testing before coding  ✔   

Setting a priori criteria to stop the testing execution ✔   

Use of coverage measurement tools ✔  ✔ 

Use of tools for automatic generation of test 

procedures or cases ✔  ✔ 

Use of tools to estimate test effort and/or schedule ✔  ✔ 

Application of regression tests   ✔ 
Use of tools for automatic generation of test 

procedures or cases   ✔ 

Use of tools for automatic execution of test procedures 

or cases   ✔ 

Use of test management tools to enact activities and 

artifacts   ✔ 

 9 

6.2. Comparing this survey’s results to the results of the 10 

previous surveys 11 

In this section, we describe how our findings can contribute to the body of knowledge 12 

on software testing by providing evidence to the results of previous surveys from 13 

other research groups (see Table 4 the list of aggregate conclusions of past surveys). 14 
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• There is a gap between software testing state of the art perceived by academia 1 

and the state of the practice. This gap is represented by the practices classified 2 

as “Less important” and “Less used” by the practitioners as the list of 3 

practices was defined considering the state of the art as described in Section 4 

3.3.3.  5 

• Organizations mainly use ad-hoc criteria to stop testing. Our findings support 6 

this result. The item P12-Setting apriori criteria to stop the testing execution of 7 

software testing has for Northern/Brazil, Southern/Brazil, and Uruguay (65%, 8 

63%, and 64%) the level of use ranked in respectively 10th, 9th, and 10th 9 

positions. Moreover, for the perceived importance received a total of 77%, 10 

73%, and 74% in Northern/Brazil, Southern/Brazil, and Uruguay, thereby 11 

ranked in 8th, 10th, and 11th positions. Since the definition of an a priori stop 12 

criteria is ranked that low, we can argue that the default – using ad-hoc 13 

criteria – is favored by organizations. 14 

• Unit testing is the most popular testing level. According to our findings, we 15 

cannot support or deny this result (our survey aims at the levels of use and 16 

importance, not popularity). Nonetheless, it is interesting to observe that 17 

Application of Unit Test is not within the three most used/important practices 18 

in any of the three regions, although its levels of use (71%, 79%, and 78%) 19 

and importance (81%, 88%, and 86%) in Northern/Brazil, Southern/Brazil, 20 

and Uruguay. Moreover, according to the analysis in section 5.5, it is not 21 

considered among the “Most used” and “Most Important” practices in 22 

Northern Brazil. 23 

• Manual testing is performed more than automated testing. According to our 24 

findings, we cannot support or deny this result. None of the 21 questions can 25 

be used to compare the levels of use or importance of manual vs. automated 26 

testing. Nonetheless, there are three test practices related to automated test: 27 

Use of tools for automatic execution of test procedures or cases, Use of tools 28 

for automatic generation of test procedures or cases and Use of continuous 29 

integration tools for automated tests. We may only argue that they use 30 

automated test, but we cannot infer whether its level of use is lesser or higher 31 

than manual testing. 32 
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Our survey confirms two of the findings previously reported in the past 1 

surveys and presented new evidence to interpret the others. 2 

6.3. Comparing the results with those of industrial surveys 3 

Finally, some similarities are highlighted regarding the results of this survey 4 

and those from the identified industrial surveys.  5 

• Testing automation is a concern, but it has yet to reach widespread adoption; 6 

• Ad-hoc is reported by practitioners to be one of the main used criteria to stop 7 

testing; 8 

• Defect tracking tools are the most adopted software testing tools, and; 9 

• The most used testing levels are acceptance, integration, and system testing. 10 

Nevertheless, some caution must be exercised, since the identified industrial 11 

surveys do not give a clear report of the study design. Therefore, it is not possible to 12 

use the aggregation techniques we used in section 2.2.  13 

6.4. Generalization of use and importance 14 

Our analysis (see section 5.3) showed that the region is a factor influencing the levels 15 

of Use and Importance of software testing practices. Several arguments and 16 

hypothesis can be made of this result. 17 

First, software testing is a practice that is stable in software engineering and 18 

hence the use and importance of the process, activities, and tools should have been 19 

established regardless of the region. Furthermore, the broad use of professional 20 

certifications in the three regions should have contributed to this pervasiveness of 21 

software testing activities. Nonetheless, except for the practices highlighted in section 22 

5.3, there is a difference in how the subjects perceive the levels of use and importance 23 

of the practices. In addition to this, we would have expected that practitioners would 24 

have agreed on the practices importance and differentiate in the levels of use. Since 25 

this it is not the case, we argue that more research is needed to identify which factors 26 

have an influence on the perception of Use and Importance (for instance, region, 27 

organization size or training).  28 

Finally, we believe that the practices identified as less used and less important 29 

in all regions are examples of gaps between academia and industry. Though more 30 
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research is needed to confirm this, based on our experience we claim these practices 1 

do not receive enough attention in the professional training and certification courses. 2 

6.5. Limitations and Threats to Validity 3 

Our results (see Section 5.4) show that there is a correlation between the 4 

levels of use and importance. We could argue that practitioners find those practices, 5 

which they use to perform their daily professional activities, usable and important. 6 

Therefore, either they cannot distinguish between the two dimensions (use and 7 

importance) or they see no value in the distinction. In either case, we take this as 8 

further evidence of the gap between the state of the art and state of the practice in 9 

software testing. In particular, because the model of use and importance is based on a 10 

previous empirical evaluation of the software practices [Dias-Neto et al. 2006]. 11 

This section presents threats to validity we identified in our research process. 12 

• Representativeness of samples. Even though we attained a relatively high 13 

number of respondents, it was not possible to evaluate the representativeness 14 

of the sample for our regions. We were not able to obtain reliable estimators 15 

of the total number of personnel employed in the software industry for our 16 

three regions. 17 

• Training and subjectivity of responses. This study also is subject to the threat 18 

of self-awareness and difference of training of the participants, but these two 19 

aspects do not invalidate our results as we are evaluating the state-of-practice. 20 

• The snowballing process (presented in section 2) used as the starting sample 21 

the technical literature already identified by our research team conveys a 22 

threat of missing literature. It is possible that starting with another set of 23 

papers could have uncovered other surveys on software testing not included in 24 

this study. To mitigate this, we conducted a non-formal literature search and 25 

as far as we were able to observe no additional survey was identified. 26 

• Adequacy of evaluated practices: To favor the replication of the original 27 

surveys in this research (see section 3.3.3) the testing practices lists were not 28 

modified. It can point at a possible threat to these practices being outdated 29 

from the current state of the art – this original survey was conducted in 2006. 30 

Nevertheless, we think that these set of practices are still representative, due 31 
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to its abstract nature, and the long-standing tradition of software testing 1 

research in our field. 2 

• Construct validity threat. The analysis of the levels of use and importance is 3 

based on the division into regions. This division has already been used in the 4 

evaluation of the performance of organizations using MPS.Br, the Brazilian 5 

Software Process Model [Travassos and Kalinowski 2012]. The analysis 6 

showed that for the levels of use and importance of software testing practices, 7 

significant differences can be observed for most of the evaluated practices. 8 

Nonetheless, there is still the chance that the selection of the regions for 9 

analysis could introduce bias. A similar threat arises from the fact that the 10 

perceived division of companies by size might not be homogeneous across the 11 

regions. 12 

• Conclusion validity threat. The data analysis process (see section 3.4) aims at 13 

providing a view of how the participants perceive the use and importance of 14 

testing practices. Therefore, the analysis procedure is a weighted average, 15 

where the weight function is based on qualitative aspects representing each 16 

subject. The trade-off of using this type of analysis is that the information 17 

from the extremes can be lost. 18 

7. Conclusions 19 

This paper described a replicated survey conducted in two South American 20 

countries (Brazil and Uruguay) to investigate the levels of use and importance given 21 

by practitioners to software testing practices identified in the technical literature. The 22 

survey was performed with practitioners working in software testing. A total of 150 23 

individuals responded the questionnaire.  24 

Summarizing the results, the main software testing practices used in these 25 

countries are concerned with the documentation of test procedures and cases, 26 

recording the results of tests execution. System testing and acceptance testing are the 27 

most used practices, and regression testing is usually executed in software projects. 28 

Finally, tools to support the monitoring of test execution and bug tracking are also 29 

popular in the software industry of these countries. Practitioners also find useful the 30 

allocation of responsibilities concerned with software testing activities,  31 
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On the other hand, the main software testing limitations in these countries are 1 

concerned with the monitoring/measurement of tests and defects, the evaluation of 2 

tests quality, and the automatic generation of test cases/procedures and management 3 

of test coverage. 4 

The results were very similar to the results regarding their use when analyzing 5 

the level of perceived importance of test practices. The most important test practices 6 

according the perspective of participants from the two countries are: the 7 

documentation of test procedures, test cases, results; the re-execution of tests when 8 

software is modified; the application of system acceptance and regression tests; the 9 

definition of a team responsible for the testing; and tools to support the monitoring of 10 

tests execution and bug tracking. However, the test practices considered less 11 

important are the monitoring/measurement of tests and defects and automatic 12 

generation of test cases/procedures and management of test coverage. 13 

In short, the levels of use and importance of software testing practices 14 

between the participants of the two countries are very similar, with 16 (~38%) 15 

exceptions reported in Section 5.3. Furthermore, this survey has confirmed that 16 

findings from past surveys on software testing are also valid for Brazil and Uruguay. 17 

We have observed a gap between the state of the art and state of the practice. Besides, 18 

we have noted that organizations do not employ well-founded stop criteria when 19 

conducting software testing.  20 

This survey reflects the perceptions of the respondents, but not necessarily 21 

represents the reality of software testing practices. We consider these findings as the 22 

basis for future empirical research that can evolve the picture on software testing 23 

practices in these countries. We hope the results of this work can support small and 24 

medium organizations wishing to implement new practices or improve their current 25 

testing processes on analyzing their experience level regarding their software testing 26 

practices. Finally, we believe further replications are still needed in these and other 27 

regions and countries to allow the comparison of the latest industrial trends in 28 

software testing practices. Besides, a synthesis of all previously conducted surveys can 29 

strengthen evidence on software testing practices in the global software engineering 30 

community. 31 
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