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Abstract. DevOps is a philosophy and framework that allows software development and operations teams to 

work in a coordinated manner, with the purpose of developing and releasing software quickly and cheaply. 

However, the effectiveness and benefits of DevOps depend on several factors, as reported in the literature. In 

particular, several studies have been published on software test automation, which is a cornerstone for the 

continuous integration phase in DevOps, which needs to be identified and classified. This study consolidates 

and classifies the existing literature on automated tests in the DevOps context. For the study, a systematic 

mapping study was performed to identify and classify papers on automated testing in DevOps based on 8 

research questions. In the query of 6 relevant databases, 3,312 were obtained; and then, after the selection 

process, 299 papers were selected as primary studies. Researchers maintain a continuing and growing interest 

in software testing in the DevOps context. Most of the research (71.2%) is carried out in the industry and is 

done on web applications and SOA. The most reported types of tests are unit and integration tests. 
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Аннотация. DevOps – это философия и инфраструктура, которые позволяют группам разработчиков и 

эксплуатации программного обеспечения работать скоординированно с целью быстрой и дешевой 

разработки и выпуска программного обеспечения. Однако, как сообщается в литературе, 

эффективность и преимущества DevOps зависят от нескольких факторов. В частности, было 

опубликовано несколько результатов исследований по автоматизации тестирования программного 

обеспечения, которая является краеугольным камнем фазы непрерывной интеграции в DevOps. Эти 

работы нуждаются в идентификации и классификации. В нашем исследовании консолидируется и 

классифицируется существующая литература по автоматизированному тестированию в контексте 
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DevOps. Для исследования было проведено систематическое сопоставление литературных источников 

на основе 8 исследовательских вопросов. Путем выполнения запросов к шести уместным базам данных 

было получено 3312 статей. После процесса отбора 299 статей были выбраны в качестве основных. 

Исследователи сохраняют постоянный и растущий интерес к тестированию программного обеспечения 

в контексте DevOps. Большая часть исследований (71,2%) проводится в производственной сфере и 

затрагивают веб-приложения и SOA. Наиболее распространенными типами тестов являются модульные 

и интеграционные тесты. 

Ключевые слова: DevOps; тестирование программного обеспечения; систематический обзор 

литературы 
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1. Introduction 

The software market constantly demands strategies that allow it to deal with changes quickly [1], 

[2]. However, these strategies must maintain quality and avoid the costs of application downtime 

and failure [3]. Although agile methods are presented as a good alternative; these do not close the 

cycle until the delivery and operation of the software [4]. In this context, the DevOps philosophy 

and framework extends the agile methodology to deliver applications quickly and frequently [5], 

improving performance and costs [6], and taking care of the product quality [7], [8], [9]. So, with 

the support of top management [10], DevOps can represent a great opportunity for companies of any 

size to gain a foothold in the market [11]. For this reason, various companies have been adopting it 

[12] or have adopted plans [13]. Also, DevOps is a key factor in the microservices architecture [14]. 

In the field of the software industry, the introduction of the term DevOps, in 2008 [15], made it 

possible to articulate a set of practices that had already been taking place. In particular, the 

continuous integration practice that is based, among others, on automated tests [16], which 

represents one of the vital factors for its adoption [17], despite long-standing efforts to resolve this 

challenge [18], [19]. On the other hand, in the academic field, various literature review studies have 

been carried out where: (i) it is pointed out that the concept of DevOps is not completely defined 

[20]; (ii) the definitions, practices and benefits of DevOps are categorized [21]; (iii) the relevant 

aspects are determined [22], [23]; (iv) the factors that interrupt its adoption are identified [24]; (v) 

the influence on the product is presented [7]; and, (vi) in [2], a strong need to respond quickly to the 

market is reported and that DevOps helps to address this problem. 

Since software testing is a critical factor for the adoption of DevOps [25], it should be reviewed how 

it is being applied in the reported cases. For this reason, this paper consolidates and classifies the 

literature on applied software testing in a DevOps context. The paper is organized as follows: in 

Section 2, the fundamental aspects of this study are presented; in Section 3, the Systematic Mapping 

Study (SMS) is described; in Section 4, the results of the SMS are presented; and, in Section 5, the 

conclusions are established. 

2. Background 

In this section, DevOps and software testing are briefly presented; as well as the works related to 

this study. 

2.1 DevOps 

DevOps integrates the teams that are usually separated (development and operations), focusing on 

delivering value quickly and continuously, based on 4 dimensions [22]: collaboration, automation, 

measurement and monitoring. In DevOps [4], it has extended the already known practices of agile 
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methods, distributing them in 3 phases: construction phase, deployment phase, and operation phase. 

In addition, it incorporates some existing practices such as: continuous integration [26], continuous 

deployment [27], continuous delivery [28], and continuous testing [29]. 

2.2 Software Testing in Agile and DevOps Context 

Software testing [30] are activities in the software development process to determine that the 

software has the expected behavior under a list of test cases. Tests can be categorized, according to 

[31]: (i) object of the test (unit, integration and system); and (ii) test objective (acceptance, 

installation, alpha, beta, regression, performance, security, load, recovery, bottom-out, interface, 

configuration, usability, and interaction). 

In the agile context, agile tests have shown their benefits [32], [33], being necessary that the 

software-testers are present from the collection of requirements [34] and maintain fluid 

communication, both formal and informal, with the programmers [35].  

3. Research Metodology 

In this study, a Systematic Mapping Study (SMS) was performed. The SMS proposed by [36] is a 

research technique to identify and characterize all available studies on a given topic, using a reliable 

and verifiable methodology. 

3.1 Scope and Research Questions 

Software testing is one of the pillars to encourage good results in DevOps contexts [5], [8], and on 

which various publications have been made that require identification, studied and classified. For 

this reason, an SMS was performed with the purpose of identifying the levels of software tests that 

are being used in these contexts, as well as the authors, their evolution and the regions where the 

subject is being investigated, among others. The research questions and considerations for the 

answers are: 

RQ-1 What is the evolution of the publication of papers on software testing in the DevOps contexts? 

The year of publication was taken as relevant data. 

RQ-2 What kind of research has been done in software testing in DevOps? The types of research, 

adapted from [37], are: (i) survey/interview, (ii) case study, (iii) multiple case study, (iv) 

replication study, (v) review or literature mapping, and, (vi) background theory. 

RQ-3 What kinds of proposals have been presented on software testing in DevOps? The types of 

proposals are an emerging classification and can be: methods, tools, frameworks. 

RQ-4 What levels of software testing are used in DevOps? The possible test levels, depending on 

the object of the test, are: unit, integration, user, security and load/performance [31]. 

RQ-5 What programming languages and software testing tools are used in DevOps? Possible 

answers, at least initially, are: Java, C, PHP, JS, Xunit, Selenium. 

RQ-6 In what types of applications are software testing used in the DevOps context? The possible 

answers, at least initially, are: web, desktop, console, mobile. 

RQ-7 What infrastructure tools are used for software testing in DevOps? Possible answers are: 

Jenkins, Travis, Docker, AWS, Azure. 

RQ-8 In what types of activities do software testing occur in DevOps? Possible answers are: 

Continuous Integration, Continuous Deployment, Continuous Delivery. Also, are security 

tests mentioned? 
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3.2 Search Query 

Searches were performed according to a generated search string of the population (P) and 

intervention (I) as suggested [36]. The terms related to (P) are: DevOps, Continuous Integration, 

Continuous Testing, Continuous Deployment, and Continuous Delivery. The term related to I is: 

test. Then, the search string stayed as “P and I”: “(DevOps OR “continuous integration” OR 

“continuous deployment” OR “continuous delivery” OR “continuous testing”) AND test*”. 

Although a string in English was searched, papers written in Spanish and Portuguese were also 

considered. Also, to allow for as many results as possible, the date was not restricted. The digital 

databases are: IEEE Xplore, SCOPUS, ScienceDirect. ACM Digital Library, Web of Science and 

Willey, selected for their scientific relevance and access to them. 

3.3 Data Selection 

The selection process was defined in four stages, where the inclusion criteria (IC) and exclusion 

criteria (EC) are applied (see Table 1); and according to [36] the quality assessment is omitted since 

relevant digital databases were chosen. The defined selection process has the following stages: 

 In the first stage, obtaining the metadata, the EC.1 and IC.2 criteria are used, and the Parsif.al 

web application to facilitate some operations, such as discarding duplicate papers in the different 

databases. 

 In the second stage, the title is read and EC.2 is applied, to rule out papers that are not related 

to the subject of software testing in the DevOps contexts. 

 In the third stage, reading the summaries, IC.2, IC.3, EC.3 is applied. 

 In the fourth stage, a quick reading is made of the content of the study to determine its relevance 

to the subject of software testing in DevOps contexts and criteria IC.2, IC.3, EC.3 and EC.4 are 

applied. Likewise, at this stage, the papers to which the full text is not available (EC.5) are 

withdrawn. 

Table 1. Inclusion Criteria (IC) and Exclusion Criteria (EC) 

Id Criteria 

IC.1 IC.1 Paper in indexed journals or conferences whose memories are indexed. 

IC.2 IC.2 Paper with content in English, Spanish or Portuguese. 

IC.3 IC.3 Paper that focuses on software testing in the DevOps context. 

EC.1 EC.1 Duplicate article. 

EC.2 EC.2 Paper outside the topic of software and DevOps. 

EC.3 EC.3 Paper that does not mention software testing levels or strategies. 

EC.4 EC.4 Secondary or tertiary articles. 

EC.5 EC.5 Paper whose content is not available. 

To extract the data, a file was created (see Table 2) to be used in a spreadsheet and collect the data 

from the papers on it.  

Table 2. Structure of the data extraction form 

Data Detail Question 

Id Study Unique identifier of the study created for the MSL. General 

Title Title of the paper. RQ-1 

Author List of authors of the paper. RQ-1 

The year Year in which the paper was published. RQ-1 

Type of publication Journal or conference where the paper was published. RQ-1 

Country Country of affiliation of the authors. RQ-1 

Research type Categorizes the type of research of the paper. RQ-2 

Context Categorizes between the academic or industrial context of the 

paper. 

RQ-2 

Domain Categorizes the business domain where the item was applied. RQ-2 
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Type of proposal Categorizes the type of proposal of the paper, if applicable. RQ-3 

Test Level Categorizes the test levels mentioned in the paper. RQ-3, 

RQ-4 

Continuous phase Categorizes the continuous phase mentioned in the paper. RQ-4 

Method Identifies the method or good development practices. RQ-4 

Testing tool Identifies the testing tool used. RQ-5 

Version Control Identifies the tool used for code version management. RQ-5 
Programming language Programming language mentioned in the paper. RQ-5, RQ-6 

Type App Type of software developed in the paper. RQ-6 

Architecture type Type of the architecture of the application developed in the paper. RQ-6 

Infrastructure tool Collects the infrastructure tools used in the research presented in the 

paper. 

RQ-7 

Security Identifies if the paper mentions the security tests RQ-8 

Teams in DevOps Identifies if the paper addresses Devs, Ops or both teams. RQ-8 

4. Results 

The searches in the considered databases were carried out between June and July 2021. For each 

database, the search string was adapted according to its own rules (see Table 3). Of the 3,312 papers 

found, it was processed stage by stage until reaching a total of 299 primary studies. The process was 

based on the inclusion and exclusion criteria according to the study planning. Table 4 shows the 

number of papers that remained after each stage. In addition, 15 (5%) papers were withdrawn 

because the full text was not available, even after having searched different sources. The list of 

primary studies is available in Appendix A. 

Table 3. Database search string 

Source Search string Quantity 

IEEE (("All Metadata":Devops) OR ("All Metadata":"Continuous Integration") OR 

("All Metadata":"Continuous Deployment") OR ("All Metadata":"Continuous 

Delivery") OR ("All Metadata":"Continuous Testing")) AND (("All 

Metadata":Test*)) 

529 

Scopus TITLE-ABS-KEY ((devops OR "Continuous Integration" OR "Continuous 

Deployment" OR "Continuous Delivery" OR "Continuous Testing") AND 

test*) 

1,561 

ACM Title: ((Devops OR "Continuous Integration" OR "Continuous Deployment" 

OR "Continuous Delivery" OR "Continuous Testing") AND Test*) OR 

Abstract:((Devops OR "Continuous Integration" OR "Continuous Deployment" 

OR "Continuous Delivery" OR "Continuous Testing") AND Test*) OR 

Keyword:((Devops OR "Continuous Integration" OR "Continuous 

Deployment" OR "Continuous Delivery" OR "Continuous Testing") AND 

Test*) 

246 

Science 

Direct 

Title-keyword-abstract (Devops OR "Continuous Integration" OR "Continuous 

Deployment" OR "Continuous Delivery" OR "Continuous Testing") AND Test 

462 

Web of 

Science 

TITLE-ABS-KEY ((devops OR "Continuous Integration" OR "Continuous 

Deployment" OR "Continuous Delivery" OR "Continuous Testing") AND 

test*) 

432 

Willey TITLE-ABS-KEY ((devops OR "Continuous Integration" OR "Continuous 

Deployment" OR "Continuous Delivery" OR "Continuous Testing") AND 

test*) 

82 

Total  3,312 

Table 4. Search results by stage 

Procedure Selection Criteria Total 

First stage EC.1, IC.1 1,179 

Second stage EC.2 928 

Third stage IC.2, IC.3, EC.3 344 

Fourth Stage IC.2, IC.3, EC.3, EC.4, EC5 299 
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4.1 RQ1 What is the evolution of the publication of papers on software testing 
in the DevOps contexts? 

From the selected primary studies, from 2011 to Jun-2021 (see Figure 1a), it is observed that the 

level of publications has been increasing from the beginning, which shows the importance of 

software testing in DevOps contexts and that coincides with those indicated by [38]. In addition, this 

growth is expected to continue in the following years. 

 

Fig 1. Evolution of publications per year (a), and publications by country (b) in DevOps software testing 

Although the topic of DevOps is of global importance, it can be seen (see Figure 1b) that according 

to the Pareto rule 80% of the studies are concentrated in 16 countries: USA (16.7%), Germany 

(10.7%), India (9.4%), Italy (6%), Canada (5%), Switzerland (4.7%), China (3.7%), Sweden (3.7%) 

Australia (3.3%), Finland (3.3%) and Brazil (2.7%), UK (2.7%), the Netherlands (2%), Spain (2%), 

Ireland (2%), Korea (1.7%) and Belgium (1.7%). 

On the other hand, the publication media where they have been published 4 or more primary studies 

are 14 media and are presented in Table 5. 

Table 5. Frequency of primary studies by means of communication, which have 4 or more publications 

Venue Count 

Lecture Notes in Computer Science 11 

Communications in Computer and Information Science 9 

CEUR Workshop Proceedings 9 

International Conference on Software Engineering 9 

ACM International Conference Proceeding Series 7 

International Workshop on Quality-Aware DevOps (QUDOS) 7 

IEEE Software 5 

Euromicro Conference on Software Engineering and Advanced Application (SEAA) 5 

Information and Software Technology 5 

IEEE International Conference on Software Maintenance and Evolution (ICSME) 5 

Advances in Intelligent Systems and Computing 4 

International Conference on Software Testing, Verification and Validation (ICSTW) 4 

International Conference on Software Analysis, Evolution, and Reengineering (SANER) 4 

Journal of System and Software 4 
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4.2 RQ2 What types of research have been done on software testing in 
DevOps? 

From the primary studies, on types of research (see Figure 2a), there are two predominant types of 

research (78.6%): 136 study cases (45.5%) and 99 experiments (33.1%); which are mostly reported 

in the industry. This orientation, towards the more empirical side, makes sense, since the cases and 

experiments of integrating Dev and Ops work teams materialize in real projects. This result 

coincides with the study by [39], who also found a high percentage (20%) of papers at the industry 

level. Of the remaining group of research types, it can be pointed out that those related to opinion-

research allow concepts, ideas, lessons to be proposed when dealing with software testing in 

DevOps. Likewise, the result of the research context shows that 213 (71.2%) according to Figure 

2b, are papers in the industry, compared to 29 (9.7%) are papers in academia; which reinforces the 

idea of the previous result. 

 
Fig 2. Distribution of primary studies of software testing in the DevOps context, by: (a) research type, (b) 

research context, and (c) application domain 

Finally, from the perspective of the application domain (see Figure 2c), 185 (61.8%) papers have 

been applied to commercial solutions, that is, applications to sell products, rent services, etc. 

Likewise, an interesting focus is seen in the education sector, where 27 (9%) primary studies have 

focused on applications for education (support for the teaching/learning process). 

 
Fig 3. Types of proposals by test levels 

4.3 RQ-3 What kinds of proposals have been presented on software testing 
in DevOps? 

In Figure 3, it can be seen that 216 (72.2% primary studies) propose tools to support DevOps 

contexts, incorporating software testing as part of them. Furthermore, 40 (14%) and 3 (1%) papers 

propose methods and frameworks respectively to support testing work. These results are in 

agreement with the results obtained in the study by [40], they point out that tools and frameworks 

have been proposed and that most are based on unit tests and automated integration. 
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4.4 RQ-4 What levels of software testing are used in DevOps? 

In relation to the levels of software testing used in DevOps (see Figure 4a), the response of “not 

precise” are 139 papers (46.5%). Despite this, these works do indicate that software testing is a 

DevOps necessity, but they do not specify the levels of testing in the DevOps context. In the case of 

the primary studies, which do indicate the levels of proof, it follows that: (i) 122 papers (35.1%) 

have reported unit and user interface tests; (ii) 33 papers (11%) have reported load and stress; and, 

(iii) the rest are user tests and penetration testing (pen-testing). The work of [41] and [42] agree that 

unit and integration tests are among the most studied. Likewise, [41] adds functional, load and stress 

tests as the most studied with 63.6% of the total studies reviewed; and, they consider that security 

tests are much less studied with 3.6%. According to reviews from [43] and [44], GUI and 

accessibility tests are still pending challenges in continuous contexts. 

 
Fig 4. Test levels (a) grouped by continuous phase and (b) methods used in software testing in DevOps 

According to this Figure 4a, in relation to the opportunity in the use of software tests in DevOps, it 

can be pointed out that 162 papers (54.2%) have been applied during continuous integration; which, 

at first glance, turns out to be the natural space for testing. However, 84 (28.1%) papers have also 

been identified that have used tests to solve activities in continuous delivery and 44 (14.7%) in 

continuous deployment, which shows that 42.8% of the tests are outside continuous integration.  

According to Figure 4b, in relation to the software development methodology, from the primary 

studies, it has been determined as "not precise" in 217 (72.6%) papers. In the other cases, it shows 

75 (25.1%) papers used agile methodologies, and more explicitly points to TDD and XP with 5 

(1.7%) papers, considering both. In particular, in the case of TDD studies, they consider the method 

important for the success of software testing in DevOps. This suggests that, for now, although TDD 

is a very good method, there are few studies in this type of context. Similarly, the studies by [43] 

and [39] consider that TDD would help to better conceptualize testing strategies and mitigate system 

design errors for help continuous testing. 

4.5 RQ-5 What programming languages and software testing tools are used 
in DevOps? 

Due to the nature and objectives of the primary studies, in many cases, programming languages, 

testing support tools, and version control tools are not required. In the case of programming 

languages (see Figure 5), it is observed that Java is the most reported language with 90 (30%) papers. 

In the case of test support tools, Junit with 25 (8.4%) and Selenium with 13 (4.3%) papers are the 

most reported. Finally, in the case of version control tools, Git is mentioned in 179 (59.9%) of 

papers. 
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Fig 5. Software testing tools in DevOps by programming languages and version control 

In the review of [39], it is agreed that Junit, Selenium and Git are the most frequent tools in the 

DevOps software testing application. In addition [39], considers NUnit among the most frequent, 

however, of the selected primary studies, no reference to said tool was found. 

According to Figure 6a, Java is the most used language over time with an average of 13 papers per 

year, while Python has been considered in recent years, with an average of 4 papers per year as 

presented in Figure 6b. 

 

Fig 6. Programming languages in software testing over time (a) and average per year (b) 

4.6 RQ-6 In what types of applications and architectures is software testing 
used in the DevOps context? 

In relation to the types of applications where software tests are used in DevOps (see Figure 7a), 

reported in the primary studies, web applications with 219 (71.9%) papers have to be the most 

reported applications, and to a lesser extent, mobile applications with 13 (4.3%) papers. The 

identified console applications are reported for cases in which they apply machine learning concepts 

and use this type of application to display the results. In relation to the types of architecture (see 

Figure 7b), the primary studies indicate that 134 (44.8%) are of the MVC type and 52 (17.4%) are 

of the SOA type, and especially, of the latter, 14 studies report REST as a technology 

communication. Despite this, 85 (28.4%) papers which represent a high percentage that does not 

need it. 
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Fig 7. Type of applications (a) and architectures (b) in software testing in DevOps 

For [39], 33% of their studies found are web applications, being the most frequent for DevOps 

software tests; and it also agrees that few researches, that is, 1.6%, are reported on embedded 

applications. 

4.7 RQ-7 What tools are used for software testing in DevOps? 

Regarding the tools, it can be pointed out that they are not reported in 111 (37.1%) of the studies 

(see Figure 8a). In the studies that are reported, Jenkins is present in 92 (30.8%) primary studies. 

This result coincides with the review by [39] who also found Jenkins to be the most studied tool. In 

the industry, Jenkins is known as a very versatile tool that allows you to automatically run tests 

written by the development team, whether they are unit, integration, UI, loading and others. Crossing 

these results with the years of publication, according to Figure 8b, it can be seen that Jenkins has 

been increasingly reported in primary studies since 2013. It is also observed, according to Figure 8c, 

in relation to the average of the publications of papers per year, which Docker has about 6.8 

papers/year since 2016, AWS is 3.3 since 2018 and GitLab is 4.8 since 2017. This result shows that 

Docker is being recurrently reported in the selected primary studies. In the interviews conducted by 

[42], containerization is mentioned as one of the most studied solutions in continuous delivery. 

 

Fig 8. Software testing tools in DevOps (a) by years (b) and, distributed over time and average per year (c) 

In Figure 9, it can be seen that Java appears in 40 (13.4%) primary studies, being used in conjunction 

with Jenkins, becoming the most frequent language for Jenkins. Furthermore, in the case of Java, 19 

(21%) papers have been applied in industry and 3 (4%) in the academic context. 

Figure 10 shows that 63 (21%) Jenkins primary studies have been studied in the industry and Docker 

with 34 (7.4%) is behind Jenkins. This shows that Jenkins is the most studied software testing tool 

in DevOps contexts. 
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Fig 9. Programming languages and tools in DevOps software testing 

 

Fig 10. Tools in DevOps for software testing according to its context 

 

Fig 11. Test tools, infrastructure in DevOps (a) and application context (b) 

Figure 11a shows that although Java was often used as a programming language, Junit was not 

necessarily mentioned in these studies. However, Junit does appear as the most mentioned testing 

tools in the primary studies. In addition, these, for the most part, 185 (61.8%) papers have been 

applied in commercial business domains. Figure 11b confirms that Junit is also applied in the 

industrial context. 
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4.8 RQ-8 In what types of activities do software testing occur in DevOps? 
Also, are safety tests mentioned? 

According to Figure 12, the selected primary studies show that more than 230 (75%) have concerned 

themselves with both what is needed in development and in operation, be it with tools, methods, 

frameworks or suggestions. 60 (20%) papers have studied the specific activities of development 

teams. Finally, only 9 (3%) have focused solely on operating activities. 

 

Fig 12. Software testing in DevOps phases 

According to Figure 13, more than half of the papers found, that is 169 (56.6%), mention application 

security as an important factor in the DevOps contexts, despite the fact that there are only 15 

application testing papers. penetration (see Figure 4a). These findings are in the same direction as 

that indicated by [45], [46] and [39], about the need to study more about the security issues in Devops 

contexts, also known as DevSecOps. This allows you to integrate these types of tests into your 

development tools. 

 

Fig 13. Mention of security in software testing in DevOps 

4.9 Threats to Validity 

The analysis of the threats to validity was based on the work and questions proposed by [47]. 

 Study Selection Validation. During the planning of the research, in order to ensure the proper 

identification of all relevant studies, the following was carried out: (i) a preliminary search to 

identify a relevant set of 20 “test” papers that allowed validating the research questions research, 

the search chain and selection process; then, (ii) Population and Intervention was used, 

according to [36], to structure a convenient search chain, actually an iterative task; (iii) a chain 

test was carried out with the “test” papers, and a check was made if the data obtained from said 

“test” papers allowed to answer the research questions; and (iv) it was established to work with 

6 relevant digital databases. 

The selection was made using the methodology proposed by [36]. Duplicate papers were filtered 

in the exclusion criteria by DOI, title, authors and year. Inclusion/exclusion criteria were 

discussed by the authors based on similar research. At each stage, a general criterion was 

applied, that, when in doubt of acceptance or rejection, acceptance is chosen so that the paper is 
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subsequently evaluated. This reloads the next stage, but reduces the risk of deleting relevant 

papers. 

 Data Validation. Taking into account what was indicated in [36], it was decided to only work 

with relevant digital databases. These databases usually already have evaluation schemes for 

the journals and reports of events that they incorporate. In this context, it was decided not to 

make a quality assessment in the selection process. 

In the first 100 primary studies, a first consolidation was performed, and these studies were 

discussed between both authors. The evaluation also made it possible to note the relationship of 

the results with the subject under research. The classification schemes were proposed during the 

planning of the SMS and were refined, in some cases, during the data extraction. Additionally, 

the verification of the selection was carried out by the second author in a sample manner. 

 Research Validation. Both authors are related to the research topic and the second author has 

more experience in secondary studies. The work carried out is replicable since all the data 

collected during the research are publicly accessible, phase by phase, as well as the general 

search string and the personalized ones for each database. At the beginning of the research, it 

was determined by the research questions and the results of the first stages, that the research 

would be a systematic mapping of literature due to the need to classify software tests in DevOps 

contexts. The research can be generalized to all DevOps contexts because it collects the 

information without considering specific regions, places or periods. In addition, it considers 

primary studies from both industry and academia. 

5. Conclusions 

This research presents a Systematic Mapping Study (SMS) on software testing in the DevOps 

context. The SMS is based on the proposal of [36]. In the selection process, 3,312 studies were 

obtained and at the end of the process, 299 were selected as primary studies. Based on the data 

obtained from the primary studies, it was possible to answer the 8 research questions raised. 

The interest of research on software testing in the DevOps context is current and continuously 

growing since 2011. It is also appreciated that it is a global interest, in particular, considering that 

there are 16 countries from 3 regions (America, Europe and Asia) who have published 239 (80%) 

of the studies. In accordance with the origin and empirical nature of DevOps, the majority of primary 

studies, which mean 235 (78.6%) are of the type of case studies and experiments. Likewise, 213 of 

these studies have been carried out in industry contexts (71.2%) and 185 in commercial applications 

(61.8%). In addition, 216 (72.2%) primary studies have proposed tools that support test automation. 

The results also indicate that software testing is considered an important factor in DevOps issues, 

but what levels of testing are being used are not specified. But, in those that do specify, unit and 

integration tests are the most studied, and to a lesser extent, user, load and stress and security tests.  

In relation to technology, such as programming language and test support tools, it can be noted that 

these issues are not explicitly reported in primary studies. In the cases that do report, it is pointed 

out that Java is the most reported language with 90 (30%) both in academic and industrial 

environments; and in the case of test development tools, 25 papers, that is means, more than 8.3% 

have been reported to Junit. Other reported programming languages are: Python, Js and PHP 

respectively. Furthermore, it has to be mentioned that Java is the most reported language in primary 

studies over time, with an average of 13 papers per year. 

The most studied types of applications are those of the Web type with 216 (72.2%), based on both 

SOA and MVC. One of the most reported tools is Jenkins for both continuous integration, 

continuous deployment and continuous delivery. In addition, tools such as: Travis, Docker, GitLab, 

Github and AWS are also reported, showing that the studies carried out are applied to current market 

tools. 
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The results of this research show research opportunities in software testing for the DevOps contexts. 

Likewise, it is clear that training in automated software testing skills could help small companies to 

compete in the world market with quality. 
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