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Abstract. Context: Software testing is a knowledge intensive process,
and therefore can bene�t from the use of experience gained from past
projects. In this context, principles of Knowledge Management (KM) can
be applied to promote knowledge capture and sharing as well as the emer-
gence of new knowledge. In spite of this, there are only few studies that
present practitioners' perspective about KM initiatives in software test-
ing. Objective: The main goal of this study is to identify the perception
of professionals in software testing on the use of KM initiatives in soft-
ware engineering companies, such as KM adoption, potential bene�ts or
hindrances. Method: A survey was conducted in software development
companies. In addition, the survey results were compared with another
survey conducted previously in the same context, however, with di�er-
ent objectives and target audience. 39 software companies participated
in this research. Results: Testing planning activity and the test case
reuse are the aspects that have received more attention by companies.
A strategic planning and reuse of existing test cases have a potential to
signi�cantly reduce software development costs and time. Conclusion:
Applying KM in software companies can bring several bene�ts in terms
of quality of results, reduction costs, time and e�ort. However, it is still
a challenge to be faced and tackled.

1 Introduction

A major Software Engineering challenge is the creation of systematic strate-
gies to integrate the knowledge of the actors involved in a project. Software
organizations seek solutions that give an emphasis on di�erent knowledge types
when planning initiatives to manage them [1]. According to Levy and Hazzan



2 Maciel et al., 2018

[2], a systematic routine to capture knowledge is important in an organization,
making the knowledge transparent for all those involved, since without it an
organization cannot bene�t from its accumulated knowledge. However, although
the importance of working with generated knowledge has been widely recognized
in several areas, few organizations are able to manage such a generated knowl-
edge. Knowledge Management (KM) principles are mechanisms that can solve,
at least partially, such problems [3].

KM is concerned with how to capture, store and reuse dispersed knowledge
in an environment [4]. Due to the importance of the developing products and ser-
vices in companies, KM has become a promising area for conducting research and
analysis to show evidence on its bene�ts [5]. Software Engineering, for instance,
has concentrated e�orts on how to e�ciently conduct KM, since it facilitates the
knowledge �ow and use in all phases of the entire software development process.
Software processes generate a signi�cant amount of information, and KM en-
tails formally managing this information to facilitate access and reuse, as well as
transfer best practices in the organization to build competitive advantage and
cost reduction through the appropriation from knowledge [3].

One important subarea of Software Engineering is software testing. Software
testing activities are strategic elements for conducting development of projects
and ensuring product quality. However, with technological advancement and the
emergence of increasingly critical applications, testing activity has become a
complex task that can generate a lot of important information to be manip-
ulated [3]. Software testing is a knowledge intensive process. Past experiences
and knowledge gained can be reused, for example, in test case design, or in the
recognition of faults [6].

Software testing can produce an important intellectual capital and thus new
projects can bene�t from the experience acquired with past projects. Given the
great importance of knowledge for software testing and the potential bene�ts
in managing this knowledge, several studies have recommended the application
of KM in software testing [3]. However, there are only few studies that present
practitioners' perspective from the area.

This paper aims to provide the perception of software testing professionals
about the practical application of KM in software testing, such as KM adoption,
potential bene�ts or hindrances in some testing process activities. We intend to
provide an insight on the actual bene�t of applying KM in software testing activ-
ities, in the professionals' vision, that may serve as a practical help for companies
that want to conduct initiatives of such type, specially, novice companies.

In order to achieve the objective of this study, we adapted and reapplied
the survey conducted by Souza et al. [7]. In [7], the goal was to identify the
best scenario to apply KM in software testing. In that survey, the authors made
available an online questionnaire within research groups and social networks,
which was answered by participants with di�erent pro�les, among them, pro-
fessionals, graduate students, professors and researchers with some experience
in software testing. 86 participants answered the survey. The main di�erence in
relation to Souza et al. [7] and our survey is the objectives and target audience.
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In the survey presented in this paper, we analyze only answers from software
testing professionals working in Brazilian software development companies. We
conducted a survey with 39 Brazilian software development companies that sys-
tematically conduct software testing activities in their projects. From the 39
companies, 75 employees answered the survey. In addition, the results of this
study were compared with the results from Souza et al. [7].

The remainder of this paper is organized as follows. Section 2 presents the
main concepts related to the background of this paper. Section 3 presents the
research planning, the main results and discussions. Section 4 presents related
works. Finally, Section 5 presents the �nal considerations, as well as the potential
threats to the study validity.

2 Background

Software testing consists of dynamic veri�cation activities that analyze the be-
havior of a program in relation to its expected behavior. Testing activities can
be supported by a well-de�ned process [8]. In general, a testing process consists
of following activities: Test Planning, Test Case Design, Test Execution, and
Test Results Analysis [8]. In the planning, the test environment for the project,
planning and scheduling testing activities are de�ned. All test planning should
be documented in a Test Plan. The test case design activity is intended to de-
sign, document, and implement test cases. During the execution activity, the test
cases are run and the results are analyzed to determine whether the test cases
can provide a verdict of passed or failed. In addition to the process, software
testing involves, testing levels, artifacts, techniques, procedures, resources and
tools that seek to control and organize tests to achieve high quality software.

Since testing activities have attracted signi�cant attention from both indus-
try and academia, di�erent improvement models have been used to guide testing.
However, during software testing, a large amount of information is processed and
generated, and such models alone are not su�cient to improve the organizational
testing process. It is still necessary to provide automated support for tasks of ac-
quisition, processing, analysis and dissemination of test knowledge for reuse [3].
In this context, Knowledge Management (KM) can be used to manage knowledge
of software testing [3, 7].

KM became more present within organizations in the 1980s, coming from
the need to gain knowledge from the vast amount of information to develop new
products, processes, and more �exible organizational arrangements, providing
a sustainable competitive advantage [9]. Having control and ease of access to
knowledge has now become a competitive and economic di�erential for organi-
zations. According to Markkula [10], knowledge is information combined with
experience, interpretation and re�ection. It is a form of information ready to be
applied in decision making.

Knowledge can be classi�ed into two types: tacit and explicit [11]. Tacit
knowledge is the subjective and experience-based knowledge, that cannot be
documented, and typically remains only in people's mind. This type of knowledge
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depends on personal experience and involves intangible factors such as beliefs,
perspectives, values and intuition. Explicit knowledge, in turn, represents the
objective and rational knowledge that can be documented, and thus it can be
accessed by multiple people. The conversion of tacit to explicit knowledge o�ers
greater value to the organization as it leads to the creation of new knowledge
[4].

The major challenge to manage knowledge is that most of the knowledge in
Software Engineering is tacit and hard to dedicate e�orts to make it explicit.
When tacit knowledge is transformed into explicit, the organization begins to
enable the dissemination of strategic knowledge [4]. In the context of software
testing, KM can be used to capture knowledge and experience generated dur-
ing the testing process. However, generally, this knowledge has been stored in
documents or in people's minds. Unfortunately, paper has limited accessibility
and it is di�cult to be updated. On the other hand, tacit knowledge can easily
be lost when experienced individuals leave the organization. This is the reason
that knowledge in tests should be collected systematically through systems or
applications, stored in an organizational and shared repository throughout the
organization. This fact encouraged the development of this research in trying to
understand and to make evident the perception of experts in the software test-
ing area on the application of KM initiatives in Brazilian software development
companies.

3 Survey on Knowledge Management Practice in

Software Testing

In order to analyze the professionals' perspective with respect to the application
of KM initiatives in software testing, we conducted a survey with 39 Brazilian
software development companies. A survey is an empirical research strategy
for the collection of information from heterogeneous sources. It has been used
to provide a general picture of technology usage in the software industry [12].
According to Kitchenham and P�eeger [13], a survey is conducted to identify the
opinion of a speci�c population, for example, about a new method, process, tool
or technique that has been used for a while. A survey can be conducted following
a process with the following phases [13]: (i) de�nition of the research objective;
(ii) identi�cation of the target audience that will respond to the survey; (iii)
survey design; (iv) survey evaluation; (v) survey application; and (vi) results
analysis and presentation.

Research objective: the main objective of this survey is to provide insight
from software testing professionals on the practical application of KM in software
testing.

Target audience: 39 software development companies were invited to partici-
pate in this survey. The authors contacted the companies directly inviting them
to participate in the survey. Only companies that develop software and conduct
some software testing process were invited. Thus, the sampling method was non-
probabilistic. For privacy reasons, names of the companies are not mentioned
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here. However, some of their characteristics are: the companies are located in
Brazil; there are micro, small, medium and large software companies; the main
products developed include critical systems, such as electronic scales receipt
and metrology, customized systems to meet the needs of customers in several
segments (aviation, pharmaceuticals, automotive parts), hospital systems and
Enterprise Resource Planning (ERP). Companies specialized in software testing
that has as main service the outsourcing of software testing also participated.

Survey project: We used a questionnaire with sixteen questions divided into
two parts. The �rst part of the questionnaire includes questions to identify the
participant pro�le, such as experience time and position, and company features,
namely company size and segment. The second part gathers information about
the respondent's insight on employing KM in software testing, such as which
software testing activity KM is more useful, test artifacts more appropriate for
reuse, and what testing knowledge types are more important in software test-
ing process. Questions were divided into multiple choice (with more than one
option) and questions with answers that ranged from �very important� to �not
important� on a scale based on the Likert Scale method [14]. The �nal average
score represents the overall level of achievement or attitude toward a subject.
Table 1 presents the Survey Questions (SQ)1.

Table 1: Survey Questions

PART 1 - Participant's current pro�le

SQ1-SQ6. Name, Position (e.g., tester, test analyst, test designer, among oth-
ers), Experience in this position (in years), Company Name (con�dential), Com-
pany Size (micro, small, medium, large), Company Segment

PART 2 - Respondent's Perception

SQ7. In which software testing process activities does KM prove to be more
useful?
SQ8. In which activities of testing planning does KM prove to be more useful?
SQ9. The test environment of a project is comprised of, among others, human,
software and hardware resources that will be used to carry out the tests. Which
of these features are most important to have available knowledge when de�ning
the test environment?
SQ10. In which testing level do you consider KM more useful?
SQ11. Which knowledge type do you consider more important in the software
testing process?
SQ12. Tacit knowledge can be made explicit, giving rise to explicit knowledge.
In relation to the knowledge item types, indicate the degree of importance of
generating explicit knowledge from tacit knowledge.
SQ13.With respect to test artifacts, indicate the degree of importance of knowl-
edge reuse of these artifacts.
SQ14. Why KM is important for software testing (purposes)?

1 https://goo.gl/KHgzRK - presents the complete questionnaire, with its questions
and the answers format.
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SQ15. What bene�ts does KM bring to software testing activities within your
team?
SQ16. Would you consider applying KM in Software Engineering, especially in
software testing process?

These questions were adapted from Souza et al. [7]. In [7], the questions
were de�ned taking into account the results of a systematic mapping on KM in
software testing [3] as well as in the conceptualization described by a software
testing ontology, called ROoST: Reference Ontology on Software Testing [15].

The survey sample in [7] is a non-probabilistic sample, since the authors
made the questionnaire available to groups of social networks interested in soft-
ware testing and they also sent a direct e-mail to students, teachers and area
researchers known to the authors. In total, 86 participants answered the survey
[7]. The target audience in [7] did not provide a completely realistic view of the
use of KM in software testing in practice in software development companies,
since the participants are of di�erent pro�les, including, for example, undergrad-
uate students. This fact became a motivation for our research. We applied the
questionnaire in a speci�c target audience of professionals working with soft-
ware testing in software development companies to gain their opinion into the
application of KM in software testing.

Survey evaluation: before being made available, the questionnaire was vali-
dated by means of a pilot test. For this, a small sample was selected from the
target audience to respond the survey. The questionnaire was also evaluated
by an experienced researcher in Software Engineering and KM. The purpose
of these assessments was to mitigate potential threats to validity (for example,
identify possible di�culties that participants might have in understanding the
questions) and correct any errors. After these assessments, the questions have
been improved to make them clearer.

Survey application: The survey was made available directly to the 39 compa-
nies invited for a period of �ve months. In the end, 75 software testing profes-
sionals answered the questionnaire.

The last phase is the results analysis and presentation. This phase is presented
in the next section.

3.1 Survey data analysis

As previously mentioned, 39 software companies participated in this research.
Analyzing the �rst part of the questionnaire (SQ1-SQ6 ), the companies fell
into the following categories: micro (9.33%), small (8%), medium (45.33%) and
large (37.33%) companies. From the 39 companies, 75 employees answered the
questionnaire, with an average of 2 respondents per company. Out of these 75
participants, 42.6% are testing analyst; 16% are testers; 12% are quality analysts;
8% work with agile development and apply Test Driven Development (TDD);
and 21.3% perform other functions, such as quality assistant, test architect, test
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coordinator, and test manager. On average the participants have experience in
software testing of 5.8 years with a standard deviation of 11.46 years.

Concerning the second part of the questionnaire, Figure 1 presents a compar-
ative between the results obtained in [7] and the results obtained in the survey
presented here, regarding the most appropriate testing process activities to ap-
ply KM (SQ7 ). In this question, the following testing activities were considered:
(i) Test Planning; (ii) Test Case Design; (iii) Test Code; (iv) Test Execution;
and (v) Test Result Analysis. For software companies �Test Planning� (74.66%)
was considered the testing activity in which KM is most useful. This perception
is a few di�erent from the survey conducted by Souza et al. [7], where �Test Case
Design� (98.8%) and �Test Planning� (96.5%) were considered the most appro-
priate testing activities to apply KM. An explanation for this is that our survey
was conducted only with professionals and 42.66% of the participants were test
analysts. One of the main activities of test analysts is to plan how tests will
be conducted. In order to have a more precise view of what testing activities
are pointed out by participants from di�erent positions, we present the graph
in Figure 2. Note that most testing analysts point to Test Planning as most
appropriate to apply KM.

Fig. 1: Importance of KM to Software Testing Process Activities

Fig. 2: Testing activities in relation to professionals
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Regarding SQ8, we are interested in knowing in which activities of Test Plan-
ning does KM prove to be more important in the professionals insight, such as
Testing Technique Selection, Test Environment Structuring, Test Plan Elabo-
ration. As Figure 3 shows, �Test Plan Elaboration� (41.3%) was considered by
companies that the testing planning sub-activity in which KM is most useful.
Again, an explanation for this is that 42.66% of the participants were test ana-
lysts. On the other hand, in [7], �Testing Technique Selection� (41%) and �Test
Environment Structuring� (36%) were considered the most appropriate testing
planning sub-activities to apply KM.

Fig. 3: Usefulness of KM in Testing Planning Sub-activities

The test environment considers both hardware and software, as well as the
human resources involved in testing, that is, encompasses the entire structure
where the test is performed [15]. With respect to SQ9, we asked about the most
important resource to have available knowledge when de�ning the test envi-
ronment. As Figure 4 shows, �Human resource� and �Software Resource� are
considered the resources from which it is most important to have knowledge
available at the time of setting the test environment in the perception of both
the studies: software companies and Souza et al. [7]. However, there is a greater
concern on the part of the companies in relation to software resources (50.6%).
Based on these professionals' perspective, we analyzed the professionals pro�les
that chose Software Resource as being more important: 72% from testing ana-
lyst chose Software Resources; 66.6% from testers; 55.5% from quality analysts;
33.3% fom agile development; and 25% from others positions.

Software testing is usually carried out at di�erent test levels [8]. The three
most cited testing levels in the literature are made explicit, namely: Unit Testing,
Integration Testing and System Testing. However, there may be others, such
as Regression Testing and Acceptance Testing. In SQ10, we try to identify in
which testing level KM is considered more useful. �System Testing� (73.3%) was
considered the one in which KM more applies in relation the software testing
professionals. This result is the same with the [7]. �System Testing� (48.8%) was
also considered the testing level in which KM most applies.

Similarly to [7], SQ11, SQ13, and SQ14 relate to types of knowledge items
that are typically managed in the context of software testing and to the conver-
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Fig. 4: Importance of KM to Testing Environment De�nition.

Fig. 5: Importance of KM to Test Levels.

sion of this knowledge. Souza et al. [7] reproduced the same aspects investigated
in the systematic mapping about KM and software testing [3] to see if the survey
participants con�rm or deny the �ndings of the mapping. We have also conducted
this analysis, however, as already mentioned, our target audience are just test
professionals working in software development companies.

In SQ11, the aim is to highlight which knowledge type is most important
to software companies. The participants considered explicit knowledge (74.66%)
more important than tacit knowledge (25.33%). This is in line with the result
obtained in [7]. However, according to one of the companies that participated
in our research, the most important for a company is on how to transform the
knowledge from tacit to explicit, that is, the explicit knowledge is more impor-
tant, but as long as it is converted from tacit, so that it can be stored and
reused. Another company also stressed that the conversion of tacit to explicit
knowledge is more important, since it make the knowledge sharing easier. Fur-
thermore, when new members are integrated into the team, learning becomes
faster if knowledge is already stored.

Since the conversion of tacit knowledge to explicit is more important for com-
panies, from SQ12, we try to identify which types of tacit knowledge items seem
to be most important to be made explicit. As Figure 6 shows, �Communications



10 Maciel et al., 2018

between the members of the test team� (73.33%) is the most important to be
made explicit. On the other hand, in [7], in general, all items of knowledge were
considered important to become explicit.

Fig. 6: Making tacit knowledge explicit.

Communication among team members, in particular, is strongly related to
KM. Many companies that participated in the survey use agile methods. Agile
methods prioritize interactions between people, promoting the face-to-face com-
munication between team members [16]. In agile teams, the focus is the tacit
knowledge and transforming this knowledge into explicit is considered a valuable
asset for the organization. This statement corroborates the research results in
questions SQ11 and SQ12.

Regarding testing artifacts (SQ13 ), �Test Case� (70.66%) is considered the
most reusable ones by the professionals, as shown in Figure 7. These results
match what many researchers point out in test case reuse terms, as shown in
systematic mapping conducted by [3]. [3] shows that the selection of regression
test cases depends mainly on the experience of the testers and in order to provide
a greater learning, it is important to have more detailed information on test cases.

Fig. 7: Artifacts considered more appropriate for reuse.
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Although in [7] the target audience is more generic, the results showed that
�Test Plan� (91,9%) and �Test Case� (90,7%) are the most reusable artifacts.
The authors also analyzed only the answers of professionals who work directly
with software testing, and the result is that the most reusable artifacts are also
�Test Cases� (94%).

In SQ14 and SQ15, we intend to investigate how the purposes and bene�ts
of applying KM in software testing were perceived as important by the software
companies. For the companies, �Improving the quality of results� (68%) is the
main purpose of applying KM in software testing, as presented in Figure 8. In
[7], �Improving the quality of results� (28%) and also �Reducing costs, time and
e�ort� (26%) were considered the main purposes.

Fig. 8: Purpose of applying KM in Software Testing.

With respect to the bene�ts, �Increasing the testing process e�ciency� (85.33%)
and �Selecting and applying more suitable testing techniques� (61.33%) are con-
sidered by companies the main bene�ts of applying KM in software testing (see
Figure 9). The same result was obtained in [7].

Fig. 9: Expected bene�ts of applying KM in Software Testing.
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Applying KM in software companies is still a challenge, as there are still some
barriers, such as KM systems are not appropriate yet, employees are normally
reluctant to share their knowledge and increased workload [3]. In the survey
question SQ16, we entirely leave to the participant's discretion to make any
consideration about KM practices. Some comments corroborate exactly with the
results of the systematic mapping conducted in [3] on KM in software testing.

According to the companies that participated in the research, applying 100%
of the knowledge management process is not always possible. The employers
need to meet aggressive deadlines and are pressed for results. This causes the
team to be professionally overloaded, which leads to an emotional wear and
dismay with the profession. Thus, processes that improve communication, reuse
of information and working time become paramount for success.

Other comments emphasize that what is important is not only to implement
KM practices, but also to be able to keep KM updated. The larger the company,
greater is the challenge. The software testing area has gained prominence with
the advent of several agile methods and frameworks. Agile practices can bene�t
organizations in the management and transfer of knowledge produced. According
to participants, agile practices can become an important instrument to improve
KM initiatives in software companies. However, companies still do not know how
to reconcile these agile practices with KM practices to get better gains.

4 Related Work

As previously mentioned, the study conducted by Souza et al. [7], is a work
directly related to ours, since we adapted and reapplied the survey conducted
by Souza et al. [7]. However, we analyze only answers from software testing
professionals working in Brazilian software development companies. A detailed
results comparison of both studies is presented in the Section 3.1.

Tiwana [17] conducted a large-scale empirical study in 232 software devel-
opment projects in 232 software companies. Three countries participated in the
survey; Ireland, Russia, and India. The total number of responders was 54 from
Ireland, 59 from Russia and 119 from India. As a result, Tiwana has identi�ed
that knowledge integration has a statistically signi�cant e�ect on software de-
velopment performance. With respect to software quality, knowledge integration
lowers the density of warrant stage defects, lowers defect density throughout the
development trajectory, improves software development e�ciency, and increases
design e�ectiveness. As in our case, this study conducted an empirical study in
software companies in relation to the knowledge generated. However, our study
focused only on Brazilian companies and in the context of software testing. Even
so, regarding the �ndings on software testing and KM, both studies converge to
the same perceptions about KM bene�ts.

In Aurum et al. [18], the current practice of KM in Software Engineering
processes in two Australian companies is investigated. Similarly to our study,
the authors also describes the KM activities and KM process used in Software
Engineering practice. A total of 12 people were interviewed and answered a ques-
tionnaire in order to capture qualitative and quantitative data about aspects of
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KM practices in four projects. One of the main �ndings in this study is that
while KM was considered to be important, the tools, techniques and method-
ologies currently employed for software development were inadequate to address
e�ective management of knowledge in these organizations; a uniform model of
the KM process did not exist; and it is still necessary to encourage the sharing
of tactical and explicit knowledge.

In a more recent study [19], Kuusinen et al. presents the results of a survey
with 81 responses on organizational knowledge sharing in a multinational agile
company. The survey concentrates on knowledge sharing practices, ease of knowl-
edge sharing and motivation for knowledge sharing. Results show that using agile
practices improves ease of knowledge sharing within teams. This con�rms �nd-
ings from our survey. In our survey, in SQ16, some participants mentioned the
agile practices as facilitators for knowledge transfer. In fact, KM has been used
to explain the distinctiveness of the agile approach.

5 Conclusions

In this paper, we reported on the results from an analysis related to the software
testing professionals perception on the use of KM initiatives in software engi-
neering companies. For this, we adapted and reapplied the survey conducted by
Souza et al. [7]. From the survey results, we drew the following main conclu-
sions: (i) Test Planning is considered the most important activity for using KM
initiatives; (ii) Communications between the members of the test team is the
type of tacit knowledge item most important to be made explicit; and (iii) Test
Case is an artifacts that has received more attention by companies in terms of
reuse. A strategic planning and the reusing existing test cases has a potential to
signi�cantly reduce software development costs and time.

One initial threat to internal validity in this work could be poor instrumen-
tation, which could a�ect understanding the questions. For this reason, a pilot
study was conducted as well as a survey validation by a KM and software testing
researcher, so problems could be identi�ed and corrected. Based on these threat,
we intend to conduct interviews in software companies and compare the results.
A second threat of this research concerns the sample size and representative-
ness. The sample had 75 valid answers among 39 software companies and a large
concentration in Brazil's south and southeast regions, which a�ect both conclu-
sion and external validity. The results cannot be generalized to a nationwide
and world scale. Therefore, we intend to replicate this survey in other regions of
Brazil and also in an international context.

A richer investigation with better mechanisms to perception about KM in
software companies forms part of future work. We also intend to plan to com-
plement our research with other empirical methods, for example, case studies
based on real project data.
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