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Abstract. This article offers an overview of the 

research developed in the last decade in the area of 

software testing. Systematic Literature Mapping was 

used as a research methodology, and based on three 

databases, 171 primary studies were selected. The 

study raises a set of research questions about 

techniques, strategies and types of tests, aspects such 

as quality factors analyzed, degree of innovation, and 

even about the empirical method used in the study. 

Among the findings, it was found that performance 

tests are the most analyzed types of tests, mixed 

strategies were the most cited, that efficiency turned 

out to be the most important quality factor, and that 

case studies are the most used technique by 

researchers. The secondary study carried out allowed 

us to conclude that research in the field of software 

testing is still valid in the context of Software 

Engineering, so it is pertinent to continue research on 

specific topics through both primary and secondary 

studies. 
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1 Introduction 

 
For at least a couple of decades, the Software Engineering Body of Knowledge (SWEBOK) integrated the main 

topics related to software development and management processes, which were documented in 2004 [1] and 

updated in 2014 [2]. However, finding a software development process that satisfies the real needs of the client 

and thereby generating better quality software, has been and continues to be one of the objectives of SE from 

the moment it was conceived as a discipline, and in this sense , questions such as: (1) How to know if the built 

product works correctly? and (2) How to know if the product corresponds to what the client needed? They have 

tried to be served with empirical research related to software testing, particularly in topics such as software 

verification and validation [3].  

 

One of the development areas directly linked to the software quality improvement process is Software Testing. 

In order to explore areas of opportunity to continue research in the field of Software Testing, the authors 

proposed the development of a secondary study —a systematic mapping of the literature— to identify and 

classify the main characteristics of the research carried out in the area of Software testing. It was agreed to 

analyze primary studies published between 2010 and 2021, with the intention of updating, to a certain extent, 

the state of the art structured in the SWEBOK [1, 2], but above all, to evaluate the relevance of continuing the 
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investigation with a study primary, or even secondary, on a particular topic—a systematic review of the 

literature.  

 

The following section describes the main concepts on which the secondary study is based; the third section 

describes the methodology used to carry out the reported study; in the fourth section the tasks developed for the 

planning of the study are presented; the fifth section cites the tasks performed to obtain the 171 primary studies 

finally selected; the sixth section answers the research questions that guide the study; the seventh section 

discusses aspects related to threats to the validity of the study. Finally, a synthesis of the information analyzed 

is presented, as well as a reflection on future work in the context of software testing. 

 

2 Background 
 

According to [4], the software testing process aims to reveal defects in the software, and in parallel, measure 

the degree of quality that it possesses with respect to a set of selected attributes. A first position on software 

testing establishes that process consists of the dynamic verification of the expected behaviors of the software, 

based on a set of selected cases [2], and with this, the non-adaptation of said behaviors would generate failures 

in the software system. Another somewhat more flexible position considers that there are many ways to evaluate 

software, or in its case, to test a system without having to run it [5]; for example, reviews are a type of testing 

technique that can be used to verify the quality of a software artifact, such as a requirements specification 

document or code listing, this technique allows to identify faults in said artifacts. Both positions, the dynamic 

analysis and the static one, represent mechanisms that allow us to answer the first question mentioned above. 

For a long time, it was stated that testing software was an activity that should occur at the end of the development 

process; however, this perspective has changed in recent decades, since it has been shown that testing in the 

early stages of development avoid finding defects in the software at the time of its delivery, thus allowing the 

development of better-quality software. Regarding the second question, which necessarily involves the client, 

has a more subjective character, and is linked to the software validation process, said process is defined as the 

one that is responsible for evaluating the software during or at the end of the process. of the development cycle, 

to determine if it satisfies the requirements specified and agreed with the client [6]. 

 

On the topic of testing strategies, two alternatives are recognized: (1) based on the knowledge of the internal 

functioning of the software, tests can be designed and executed to ensure that the internal operations are carried 

out according to the specifications and that all the internal components have been properly exercised; and (2) 

According to the specification for which the software has been designed, test cases can be designed and 

executed to demonstrate that each function is fully operational, while it is possible to identify flaws in it. Under 

the first approach, the tests require an internal view of the software and are known as white box tests; while 

with the second, the tests have an external view and are known as black box tests [7]. On the other hand, 

regarding the test level, it is possible to distinguish four levels depending on the test object: (1) unit tests, (2) 

integration tests, (3) system tests and some type of (4) acceptance tests [8]. It is important to mention that both 

black box and white box tests can be classified based on what they evaluate, thus dividing them into functional 

and non-functional tests. On the one hand, we have the functional tests that have been mentioned above (unit, 

integration, system and acceptance) and, on the other hand, we have the non-functional tests that evaluate certain 

types of behavior in the software such as compatibility, security, stress, usability performance, among others. 

As mentioned above, the software testing process is carried out with the aim of ensuring the quality of the final 

product, and that is why this activity considers a set of quality factors [9] that must be evaluated, such as 

usability, maintainability, security, portability, efficiency, testability, flexibility, reliability, robustness, to name 

a few. The evaluation of these factors aims to verify that the software to be delivered not only complies with 

the agreed functional part, but also with those non-functional requirements agreed with the clients. 

 

With the purpose of analyzing previous secondary studies, in particular, mapping-type studies, the authors 

found that these studies have been carried out with an orientation to a particular topic or type of software, for 

example in [10] the authors analyze knowledge management for the testing process, in [11] they are oriented to 

mobile applications, in [12] the authors analyze their applicability for software in the cloud, in [13] for the 

agent-oriented paradigm, and even in [14] The authors synthesize primary studies in the context of teaching 

programming. This study has a more general purpose, in order to identify new opportunity niches. 
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3 Research Method 

 
In order to collect the results of empirical studies published over the last decade in the area of software testing, 

and thereby characterize the research carried out under a quantitative approach, it was decided to carry out a 

Systematic Mapping of Literature, also known as Mapping Study (MS); This type of secondary study aims to 

explore and provide a global vision of a research area, which allows identifying opportunity niches for primary 

studies, or where appropriate, more specific secondary studies, such as a systematic literature review; according 

to [15] in MS it is common to classify the findings obtained according to some predefined classification scheme. 

For the development of this study, the guide proposed in [16] was used as a reference, in which the following 

tasks are established: 

 

1. Formulation of research questions: The main objective of the EM is to provide an overview of a 

research area and to identify the amount, type of research and results available within it.  

2. Search for primary studies: Primary studies are identified by using search strings in scientific 

Databases or by manually browsing through conference proceedings or relevant journal publications. 

3. Selection of relevant articles: A set of inclusion and exclusion criteria are applied to determine the 

eligibility of the primary articles to be analyzed. 

4. Definition of a classification scheme: Researchers review the abstracts and look for keywords and 

concepts that allow a classification scheme to be identified. 

5. Extraction of data and preparation of the report: When the classification scheme is in place, the 

relevant articles are classified in the scheme, that is, the extraction of real data is carried out and the 

results are analyzed, presenting the frequencies of the publications for each category, this makes it 

possible to see which categories have been emphasized in previous research and, therefore, identify 

gaps and possibilities for future research. 

 

4 Study Planning 

 
The review of the state of the art embodied in the SWEBOK, the analysis of some materials considered as 

obligatory references for the area of software testing [4], [5], [9], as well as the reading of previous secondary 

studies [10], [11], [12]. [13], [14], allowed the accumulation of sufficient information for the formulation of the 

questions of research. 

 

4.1 Research questions 

 
The research questions that guided the study are:  

 

• PI01. What is the distribution of the primary studies published on software testing from 2010 to 2021?  

• PI02. What are the levels of software testing addressed by primary studies from 2010 to 2021?  

• PI03. What type of software tests have been the most reported from 2010 to 2021?  

• PI04. What are the quality factors that have been evaluated in the software from 2010 to 2021?  

• PI05. What are the characteristics of the strategies used in software tests reported from 2010 to 2021? 

• PI06. What have been the validation methods used from 2010 to 2021 by primary studies related to 

the area of software testing?  

• PI07. In what context have the primary studies related to the software testing area been developed 

from 2010 to 2021? 

 

The review of the state of the art and the formulation of the research questions served as the basis for carrying 

out a PICOC analysis [17] of the area under study, this analysis allowed the identification of a set of key aspects 

to assist in the subsequent analysis of the studies selected.  
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• Population: Software  

• Intervention: Software testing techniques or strategies.  

• Comparison: Software Quality.  

• Output: Improved performance and software performance.  

• Context: Industry or Academy.  

 

With the PICOC analysis and the formulated research questions, possible categories were identified that would 

allow the researcher to classify the information resulting from the analysis of the selected primary studies (see 

Table 1). 

Table 1. Categories identifies for the analysis of the selected primary studies. 

 

Dataset N 

PI02. Test level Unit, Integration, System, Acceptance 

PI03. Test strategy Black Box, White Box, Mixed 

PI05. Innovation New, Improvement, Existing. 

PI06. Validation mechanism. Case Study, Experiment, Comparative Analysis 

PI07. Context  Industry, Academy 

 

4.2 Search strategy 

 
According to the objective of the proposed research, two databases and a repository to access specialized 

bibliography were selected for the Systematic Mapping: 

 

• ACM Digital Library: is a collection of full-text articles and bibliographic records on computing, 

computer science, and related areas. The full-text database includes the entire collection of Association 

for Computing Machinery's (ACM) publications. 

 

• IEEE Xplore: an academic research DB in the areas of Computer Science, Electrical and Electronic 

Engineering. Although the articles in this DB are restricted access, the summaries are freely accessible. 

 

• Google Scholar: A database of scholarly articles (from a wide range of sources, but primarily journal 

articles, conference proceedings, white papers, and dissertations) with no language, journal, or 

geographic restrictions, allowing access to literature not available in other Databases. 

 

Although these databases do not ensure the availability of the texts of the articles, in the case of our study, 

access to their abstracts is sufficient. 

 

Based on the results obtained with the PICOC methodology, the following generic search string was developed 

to perform the search:  

(“software testing” AND “software development”) AND “testing software” 

 

The chain was configured based on the repositories considered; the resulting search strings allowed the ACM 

DL, IEEE Xplore and Google Scholar to be crawled to more accurately obtain information from the last decade 

regarding software testing. These strings were: 

 

• ACM DL: [Title: "software testing"] AND [[Abstract: types] OR [Abstract: techniques] OR 

[Abstract: strategies]] AND [Publication Date: (01/01/2010 TO 12/31/2021)] 

 

• IEEE Xplore: ("Document Title":Software Testing) AND (("Abstract":Techniques) OR 

("Abstract":Types) OR ("Abstract":Strategies)). 

 

• Google Scholar: allintitle: Software AND Testing AND (Types OR Techniques OR Strategies). 
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4.3 Inclusion/exclusion criteria for study selection 

 
In order to filter the search and reduce the results to only those documents relevant to the proposed research 

object, which would allow answering the research questions, some inclusion and exclusion criteria were defined 

and used; These criteria allowed us to obtain a better organization of the results obtained in the searches carried 

out in this study. 

Inclusion criteria:  

• Time window between 2010 and 2022  

• Primary studies published in specialized journals.  

• Articles with titles and abstracts in English.  

 

Exclusion criteria:  

• Dissemination articles.  

• Duplicate articles. 

 

5 Execution of the Study 
 

The reported study was carried out during the month of February 2022, for the study the results retrieved from 

the searches in the ACM-DL, IEEE Xplore and Google Scholar repositories were filtered with the purpose of 

excluding those results that were not aligned with the objectives of the systematic mapping, according to the 

three phases defined for the study: 

• Phase 1: Application of the search string in the selected databases.  

• Phase 2: Application of the inclusion criteria to the set of studies obtained in phase 1.  

• Phase 3: Application of the exclusion criteria to the set of studies obtained in phase 2.  

 

Table 2 presents the number of studies obtained at the end of each phase of the selection process. 

 

Table 2. Selection process of primary studies. 

 

Dataset Phase 1 Phase 2 Phase 3 

ACM Digital Library 151 108 42 

IEEE Xplore 101 48 41 

Google Scholar 306 165 88 

Total 171 

 
During the aforementioned phases, 69.35% of the set of studies from the three databases were discarded because 

they did not meet the established inclusion and exclusion criteria. It is worth mentioning that a considerable 

number of discarded articles were related to software testing education, particularly on strategies and techniques 

to teach software testing in a way that allows students to understand its importance and to know what tools 

currently exist. Thus, a total of 171 reported primary studies were obtained that are directly related to software 

testing research from 2010 to 2021. Information was extracted from each selected study based on the predefined 

classification scheme, carefully analyzing the abstract of each of the selected articles, the above, by virtue of 

the purpose and time available for the study. 

 

6 Results of the Study 
 

This section presents the results obtained from the quantitative analysis and synthesis of the 171 primary studies 

selected from the three databases: 42 from ACM Digital Library, 41 from IEEE Xplore and 88 from Google 

Scholar. It is important to mention that it was observed that a good part of the abstracts of the selected studies 

did not provide information in such a detailed way as to classify them in one of the identified categories, 

therefore, in several predefined classifications, the category of "Not specify" was included. The template used 

with the data retrieved from the primary studies selected, can be obtained from the following link: [23]. 
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PI01. What is the distribution of the primary studies published on software testing from 2010 to 2021?  

 
Figure 1 illustrates the number of publications per year, on average 14 articles are reported from 2010 to 2021.  

 
Figure 1. Frequency of selected studies by year of publication 

 

As can be seen, from 2011 to 2016 there was a growing trend of publications; however, in the second half of 
the analyzed period there is no homogeneous behavior, and peaks of 20 and 21 articles are observed in 2016 
and 2019 respectively, and with the lowest number of articles in 2018 and 2021, of 9 and 8 publications 
respectively. 

PI02. What are the levels of software testing addressed by primary studies from 2010 to 2021?  

 
According to the categories considered, it is observed (see figure 2) that the type of tests with the highest 
mention in the studies was System tests with 71 mentions (41.52%), remaining with 13 (7.60%), 8 (4.68%) and 
4 (2.34%), the integration, unit and acceptance tests, respectively. It is important to highlight a high number of 
analyzed studies (75) were placed in the “Not Specified” category, since the level of evidence was not indicated 
in the abstract of the article. 

 
Figure 2. Percentage of selected studies according to the level of test 

 

PI03. What type of software tests have been the most reported from 2010 to 2021?  

 
As can be seen in table 3, most of the articles reported were classified as software tests that are oriented to its 
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performance (52.63%), in second place we find automated tests (15.79%), which are mostly improvements or 
new proposals, and there are various types of tests that are mentioned in smaller numbers. It should be noted 
that, as with the level of evidence, there is a subset of selected studies (16,37%), in which the abstract does not 
specify the type of evidence addressed. 

Table 3. Frequency of studies according to the type of software test reported 

 

Type of test f 

Performance 90 

Automation 27 

Security 6 

Usability 5 

Regression 5 

Stress 3 

Maintainability 3 

Scalability 2 

Concurrence 1 

Adaptative 1 

Not specify 28 

 

PI04. What are the quality factors that have been evaluated in the software from 2010 to 2021?  

 
As shown in figure 3, efficiency and test capacity are the most cited quality factors in the research analyzed, 
reliability and maintainability turn out to be the second group of factors cited, and in a third group, although in 
less quantity, we find security and usability. It should be noted that research on aspects such as quality factors 
in software testing, denotes the concern that still exists regarding the aspects of software that are most affected 
in the software industry. As we have been reporting in the previous two questions, there is a subset of selected 
studies (14.62%), in which the abstract does not specify the quality factor addressed. 

 
 

Figure 3. Frequency of selected studies according to the quality factor addressed. 

 

 

PI05. What are the characteristics of the strategies used in software tests reported from 2010 to 2021? 

 
The analysis of the secondary studies allowed us to identify (see figure 4) that a mixed approach is the most 
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used with 40 studies (23.39%), in second place is the black box strategy with 22 studies (12.86%) and in third 
place black box tests with 17 studies (9.94%). It should be noted that ninety-two articles failed to be classified, 
because either the type of test strategy selected was not explicitly mentioned, or, in its case, the strategies were 
not an aspect of interest to be investigated 

 
Figure 4. Percentage of studies classified according to testing strategy 

 

In relation to the level of innovation in the study proposal, it was possible to account those 104 (60.82%) studies 
focused on already existing techniques or methodologies, 41 (23.98%) were oriented towards improvements 
and only 25 (14.62%) presented innovative proposals in the testing area. It should be noted that one of the 
articles failed to be classified; it was also possible to identify that the articles with novel proposals began to 
become more constant as of 2015. 

PI06. What have been the validation methods used from 2010 to 2021 by primary studies related to the area of 

software testing?  

 

For researchers, it is of particular importance to identify the empirical methodology used in the selected studies, 

as a mechanism for validating proposals in the field of Software Engineering. From the analysis of the one 

hundred and seventy-one selected studies, the two validation methods used could be counted: 121 case studies 

(70.76%) and 43 experiments (25.15%), two of the most cited empirical research methods in SE [18].  Six 

articles were also found that presented a comparative analysis, which is a research method that allows, as its 

name implies, to contrast one technique or methodology with another; additionally, one study could not be 

classified. Figure 5 illustrates what is reported here. 

 

 
Figure 5. Frequency of selected studies according to the methodology used 

 

PI07. In what context have the primary studies related to the software testing area been developed from 2010 

to 2021? 
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A second aspect of particular interest to researchers is related to the context in which Software Engineering 

research is carried out. The present study allowed us to identify that 126 (73.63%) of the selected studies —in 

the field of software testing— are developed in the industrial field; however, 27 (15.79%) could not be identified 

and the remaining 18 (10.53%) reported the academic environment as context. 

 
 

Figure 6. Frequency of selected studies according to the context 

 

7 Threats to Internal and External Validity 
 

According to [19] the validity of a study —primary— refers to the trustworthiness of its results and to what 

extent the results are true and not biased by the point of view of the researchers. For the present study, we will 

use the interpretation developed in [20] around threats to internal and external validity, in the context of 

secondary studies. 

 

7.1 Internal validity 
 

Considering that the Internal Validity must be analyzed around the conduct of the study, particularly with the 

extraction and synthesis of data, in the sense of the possibility that there are factors that could bias the general 

process. The main threat to internal validity is due to the fact that the data extraction process is focused on the 

review, mainly of the abstracts of the selected primary studies; As reflected in [16], abstracts of papers in the 

context of software engineering are often misleading and lack important information, and therefore the use of 

structured abstracts is recommended, since they considerably improve the comprehensibility of the papers. In 

our study, just under 6% of the studies contained structured abstracts, which is reflected in the fact that an 

important set of studies could not be classified in the defined categories for most of the research questions. 

However, in general we believe that the internal validity of this study is high given the use of a systematic 

procedure and discussion between three researchers, as well as the review of additional sections of the abstract, 

in cases where the content was available. 

 

7.2 External validity 
 

External Validity corresponds to the evaluation of the range covered by the selected primary studies, in terms 

of their settings, materials and participants. The main threat to external validity is due to the limited number of 

bibliographic sources consulted (ACM-DL, IEEE Xplore and Google Scholar) as well as the quality of the 

search engines, which could have influenced the completeness of the selected primary studies. On the other 

hand, being a mapping study, the protocol does not consider an evaluation of the quality of the selected studies. 

However, we consider that the study maintains an adequate external validity, because the two databases 

consulted are the ones that have the greatest recognition in the context of Software Engineering, and the 

combination with a repository allowed to access to literature not available in other Databases. On the other 

hand, the research protocol —reviewed by three researchers— was put to the test in a previous study [21], so 

we consider that it is clear enough to reproduce it. 
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8 Conclusions and Directions for Further Research 
 

Mapping Studies are studies with a broad scope, since their main objective is to present a global vision on a 

topic of interest and identify the amount and type of research and results available on it. The secondary study 

carried out in the field of Software Engineering, in particular in the area of Software Testing, allowed us to 

know that research in this area has remained constant, although with ups and downs in the last half decade.  

In relation to the level of the test, from the analysis of the selected studies it was possible to identify that there 

is a high number of studies (41%) that are oriented towards system tests, particularly performance and 

automation tests. Regarding the quality factors analyzed, efficiency and capacity are the most used aspects in 

29% of the reported research. It is also interesting to report that mixed strategies (23%) have gained relevance 

in recent years, compared to traditional black box or white box strategies. In relation to the rigor of the research, 

two aspects of singular importance for the researchers were knowing the methodologies commonly used in the 

context of Software Engineering research, as well as the context of the studies reported in the last decade; it 

was possible to confirm that the case study (71%) and experimentation (25%) are still the most used empirical 

methods, and that a third of the studies have been developed in industrial contexts. 

 

Finally, with the studies carried out, the authors consider that in the field of software testing, there are problems 

that can be addressed for the first time in the near future, which is why it is an area of opportunity to continue 

with a primary study, such as study proposed in [22] around evaluating the maturity of test practices; or in its 

case, with a secondary study of greater specificity, such as a systematic review of the literature on the 

characteristics of software tests that incorporate Artificial Intelligence techniques, or in its case, the pedagogical 

aspect in the subject of software tests in the training of human talent in software engineering. 
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