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ABSTRACT
Software testing is not a purely technical, but rather sociotechnical activity. Although there are a few studies on this topic,
to the best of our knowledge there is a lack of research focusing
specifically on skills, in particular soft skills needed for automated
and manual testing. In both cases, software testing is a challenging
task that requires considerable effort by practitioners. The aim of
this study is to identify what are the most valued skills with
regards to these different types of testing. To do so, a survey was
applied among software practitioners and 72 responses were
received. The questionnaire covers 35 skills grouped in technical
(hard) and non-technical (soft) skills. The results of this
exploratory study provide empirical evidence that reveals the
importance that software practitioners give to hard and soft skills
alike.
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• Social and professional topics~Professional topics~Computing
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INTRODUCTION

In recent years, it is increasingly discussed in the software
engineering community that technical, also known as hard skills,
and non-technical, also known as soft skills, are equally important
[11] as software is developed by people for people [24]. However,
since the 1970s there is literature on the cross-section of human
and technical factors [6]. Apart from soft, there are other
frequently used terms that slightly differ in meaning, although
they have been used as synonyms in the literature. These terms
range from non-cognitive abilities, 21st century skills, intangible
skills, human factors, interpersonal skills, generic competencies,
to social & emotional intelligence and people skills [18].
Therefore, there is no consistent understanding of the widely used
term “soft skills”, but it is recognized by both researchers and
practitioners that technical proficiency is no longer enough [6]. In
spite of that, soft skills have not received the same degree of

attention as hard skills, especially by instructors of technical
knowledge [6,10].
In the case of software testing, the level of professionalism has
been gradually increasing since the early 1970s until “Software
Tester” became a recognized profession in the software industry
when special qualification schemes emerged [25]. Actually, the
importance of software testing is widely recognized [10,13,25]
and there is an increasing concern in how to improve the
accomplishment of the software testing process [13,16]. Although,
testing involves significant costs [12], lack of testing could result
in even more significant costs. In fact, testing has been identified
as one of the top three important areas in Software Engineering
education [11]. Additionally, Florea and Stray [9] by analyzing a
profile of testers as requested by the current needs of the industry,
concluded that automated testing is more demanded than manual
testing and there is a strong preference for software testers with a
broad technical expertise. These authors also emphasize that
software testers need to be highly skilled in their job and they
need to master a wide range of skills. In this context, the value of
soft skills lies in the fact that they are used to approach work so
that a toolbox of soft skills is required [26].
Testing work can be roughly divided into automated and
manual testing [12]. In both cases, software testing is a
challenging task that requires considerable effort from
practitioners [10]. By conducting a multivocal literature review,
Garousi and Mäntylä [12] found out that software testing is still
an activity that requires a large participation of individuals, that is
why skills levels of testers should be carefully considered when
deciding when and what to automate. These authors also pointed
out that automated testing requires different (and often additional)
skills compared to manual testing, however only programming
skills were emphasized. There are some previous studies on
software testers’ skills [5,7–9,16] and an increasing interest in
automated testing [11,12,27], but an important issue which has not
been explored yet is the skills needed under manual and
automated testing, in particular soft skills.
In this paper, we aimed to provide empirical evidence of what
are the most valued soft skills in manual and automated testing
from software practitioners’ perspective.
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RESEARCH APPROACH

To address the goal of this study, we adopt a qualitative research
approach based on a questionnaire-based opinion survey that was
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designed considering the survey guidelines in software
engineering proposed by Molléri et al. [20]. The two first authors
developed an initial version in the English language that is
informed by published best practices as International Software
Testing Qualifications Board (ISTQB) [21] and previous
academic literature, e.g. [1,2,5,7,14–17,22]. Then, the third author
reviewed it for face and content validity. As a result, 35 skills
were categorized in seven categories as shown Table 1.

5. Fast learner
6. Good judgment
7. Problem Solving
8. Trouble shooting /
debugging
1. Active Listener
2. Good language /
English and/or any
other foreign language
3. Oral Presentation
Skills

HtC-Technical
Knowledge

4. Critical thinking

4. Persuasive
5. Written Skills
1. Ability to build
relationships
2. Ability to work
with people at all
level of an
organization

1. Ability to control yourself/
thinking before acting
2. Drive to work and succeed
3. Influencing and persuading
others
4. Understanding own
strengths, weakness, and
appearance among other
5. Understanding other people’s
perspective from their views
1. Business domain Knowledge
2. Database Knowledge
3. Programming language
knowledge
4. Software development
process knowledge
5. Technical domain knowledge

HtS-Testing Skills

ScG-Cognitive Skills
ScM-Communication Skills
SsC-Social Skills

3. Creative

SoP- Open and adaptable to
change

Table 1. Skills set
1. Ability to think
strategically
2. Analytical skills

1. Ability to create and run
acceptance tests
2. Ability to create and run
integration testing
3. Ability to do automation test
including scripting
4. Ability to do nonfunctional
testing
5. Ability to use Test Driven
development (TDD)/Behavior
Driven development (BDD)

6. Ability to write test plans and
test cases
7. Ability to write useful testing
4. Team Player
documentation
HtL-Tools Knowledge
3. Leadership

In order to obtain as many responses as possible, and to not
distract participants unnecessarily, survey questions were kept to
minimum and personal characteristics such as positive attitude,
self-motivation, and personality traits were left for further
research. In the online survey, respondents rated their perceived
importance of the skills in each type of testing. We identified on a
five-point item from 1-Not at all important to 5-Very Important.
The option “0-I do not know it” was also provided but removed
during the statistical analysis. For HtL-tools knowledge,
respondents listed the used tools in a textbox. Additionally, an
open question encouraging respondents to voice other skills was
included for the remaining categories. The questionnaire and data
are available as an archived open data [23].
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Once the initial version of the survey was developed, a pilot
questionnaire was emailed to three experienced software testers
from Nepal, India, and Norway. In general, the responses
suggested that the questions were sufficiently concise, relevant
and engaging with the exception of the open-ended question about
tools knowledge that was reformulated in order to ensure clear and
consistent understanding. The main strategy to disseminate the
survey was to share the link of the survey through social
networks. In fact, only few participants identified through prior
personal and working relationships were invited to complete and
further disseminate the survey. The survey was open for one
month period (July 2019) and one reminder invitation was sent
out after two weeks of the survey being open.

3

RESULTS

The data analysis was performed using Microsoft Excel and IBM
SPSS statistical software.

3.1

Demographics and testing process

The sample consists of a set of 72 practitioners from 13 countries.
However, the four countries that made up 80% of the participants
were: Nepal (25, 35%), USA (14, 19%), India (11, 15%) and
Norway (8, 11%). Although, most of the subjects were software
testers (37, 51%), there were software developers (24, 33%),
researchers (3, 4%) and other roles (8, 11%) such as project
manager, software designer, team leader, and instructor. The most
reported work experience was 1-3 years of experience (39, 54%),
followed by 4-6 years of experience (22, 30%), less than 1 year
(8, 11%), and 7-10 years of experience (3, 4%). With regards to
demographic characteristics, the sample included 21 women
(29%) and 51 men (70%). The sample is coherent with the gender
imbalance reported in previous studies [4].
Figure 1 depicts that respondents frequently use a variety of
levels and techniques of testing [21]. Few respondents reported
“do not know them” or “never use them”. Moreover, regression
testing was reported as the main technique used for software
testing while acceptance testing is the most used level. The
reported frequency of use regarding the type of testing is in line
with a previous study that pointed out a very large fraction of the
overall testing is done manually [13]. In fact, a recent survey from
organizations with more than 1000 employees [3], reveals that
28% out of 1725 executives reported having manual steps within
automated test processes while only 6% automate all test cases in
agile and DevOps developments.
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can see that practitioners master a large spectrum of testing tools
in line with the demands of the software industry reported by [8].

Figure 1: Frequency of use: levels, techniques and types of
testing

3.2

Skills in Software Testing

Figure 2 depicts mean (μ) and standard deviation (σ) of the skills
for both types of testing. For around two-third of these skills
(Manual=22, 65% and Automated=23, 68%), the mean value is
greater than 4 regardless the type of testing. Skills range from
moderately important (3) to very important (5) and the results are
right-skewed. Although most skills are rated more important for
manual than for automated testing, those differences could merely
reflect the higher incidence of natural −vs. automated− testing that
respondents reported in this study (see Figure 1).
A first review of the results shows slight differences in skills
between the both types of testing. Skills with higher mean values
are Ability to write test plans and test cases “HtS.6” (Manual
μ=4.7, Automated μ=4.6) and Team player “SsC.4” (Manual
μ=4.6, Automated μ=4.5). These results are aligned to the demand
for ability to conduct test planning and implementation [9] and the
increasing need for team-playing skills [7]. Lower values are
Programming language knowledge “HtC.3” (μ=3.4 for both
testings) and Database knowledge “HtC.2” (Manual μ=3.5,
Automated μ=3.6). Despite the fact that databases are heavily
used in automated testing, demands for them were rare among the
advertisers analyzed in [9] and therefore, in this context, the
HTC.2 value makes sense. Furthermore, when the employers have
technical demands for testers [9], they will most likely be related
to programming. In fact, programming skills strongly support the
ability to perform test automation tasks [19,26]. Thus, it may
seem quite surprising that practitioners in this study scored
Programming language knowledge only somewhat important for
manual and automated testing. However, there is the possibility
that "automated testing" for most of the respondents may only
mean orchestrating very simple scripts in a tool for automated
GUI tests. On the other hand, testers are asked by employers to be
proficient in no more than two programming languages [9] and
most of the practitioners in this study have more than 1 year of
experience, so it is likely that they master the language(s).
Therefore, further research is needed to better understand the
reason behind these finding. By analyzing “tools knowledge”, one

Figure 2: Descriptive statistics of perceived importance
For each of the 34 skills, we tested the null hypotheses H0:
μSx(Manual) = μSx(Automated) using Wilcoxon signed-rank test
with Bonferroni-Holm correction. We used that non-parametric
statistical test method because it does not require the data sets to
follow a normal distribution. The results show that there is no
significant difference in the respondents’ perceived value of these
skills between the testing approaches. Thus, the practitioners in
this study rated skills in a similarly positive way.

4

CONCLUSIONS

By gathering 72 software practitioner opinions from mainly five
different countries, our exploratory study provides an overview of
skills currently valued in software testing. The main internal
validity issue is the way in which we treated “0-I do not know it”
answers while the main construct validity issue is related to the
ambiguousness of some of the questions, in particular regarding
the notion of automated testing.
Based on the empirical evidence, soft skills and hard skills are
almost equally important from a practitioners’ perspective. A
participant in this study explicitly pointed out “both of these
[manual and automated testing] have its own importance and
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moreover [the] base for all automation testing and manual testing
is [the] same”. Software practitioners also consider software
testing not only a skilled job but a highly skilled one as previously
identified by [8] through an analysis of job ads for software
testers. Despite that the profile of a tester sought by the employers
has a tendency to be a technical profile, practitioners in our study
regardless their gender emphasized soft skills in manual testing. In
automated testing, although the differences are smaller only
females emphasized hard skills.
A total of 35 hard and soft skills were analyzed in our study,
but it is worth noting that it can be extended, given the diversity of
this topic. For instance, one respondent missed a personal
characteristic and pointed out “every IT professional should have
patience”. Likewise, the top few skills are a mix of both hard and
soft skills but it should be noted that the distinction between them
is far from canonical. It seems that a mix of these skills is
important and one cannot isolate one from the other. In addition,
test certification schemes such as ISTQB, consider automation as
specialist area within testing, but automation is often used by
practitioners in our study. Thus, new emerging trends result in
changing types of soft skills requirements [8] so that a specialist
area defined today may be a common requirement for knowledge
and skills tomorrow [26].
Future work should be conducted to further explore our
findings, in order to verify the causes. Further studies should also
look which test-related skills are essential for a head start in the
labor market and to what extend such skills could be developed by
developers’ roles in testing. Even the relative importance of each
skill might vary, depending on the context and ranking skills, it
might not always be very relevant. For instance, safety critical
systems are usually highly regulated environments and distributed
projects demand new ways of collaboration. In new environments,
new skills could be needed. This leads to conclude that attention
to skills should be differentiated according to practitioner’ needs,
i.e. where a tester is in her/his career. Therefore, not only the right
balance of manual and automated testing deserves to be
researched [12] but also the right balance of hard and soft skills in
order to explore if the productivity of hard skills stems from their
combination with soft skills.
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