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a b s t r a c t

Context: Exploratory testing plays an important role in the continuous integration and delivery
pipelines of large-scale software systems, but a holistic and structured approach is needed to realize
efficient and effective exploratory testing.
Objective: This paper seeks to address the need for a structured and reliable approach by providing
a tangible model, supporting practitioners in the industry to optimize exploratory testing in each
individual case.
Method: The reported study includes interviews, group interviews and workshops with representa-
tives from six companies, all multi-national organizations with more than 2,000 employees.
Results: The ExET model (Excellence in Exploratory Testing) is presented. It is shown that the ExET
model allows companies to identify and visualize strengths and improvement areas. The model is
based on a set of key factors that have been shown to enable efficient and effective exploratory testing
of large-scale software systems, grouped into four themes: ‘‘The testers’ knowledge, experience and
personality’’, ‘‘Purpose and scope’’, ‘‘Ways of working’’ and ‘‘Recording and reporting’’.
Conclusions: The validation of the ExET model showed that the model is novel, actionable and useful
in practice, showing companies what they should prioritize in order to enable efficient and effective
exploratory testing in their organization.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

1.1. Background and related work

Continuous Delivery was popularized as a term by Humble
nd Farley (2011), who state that in continuous delivery ‘‘every
hange is, in fact, a release candidate’’. Even though we in our
revious work (Ståhl et al., 2017) have found that there is some
onfusion around the terminology, we find that the most common
nterpretation is that continuous delivery is about ensuring that
he software can be released and deployed to production at any
ime, but may not actually be thus released and/or deployed.
umble and Farley (2011) describe the principles behind continu-
us delivery, and the practices necessary to support it. The central
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paradigm of the book is the integration pipeline (also referred
to as the deployment pipeline). The pipeline, as described by
Humble and Farley, consists primarily of automated test activities,
but also includes usability testing and exploratory testing.

Exploratory testing was coined as a term by Cem Kaner in
the book ‘‘Testing Computer Software’’ (Kaner, 1988), and was
then expanded upon as a teachable discipline by Cem Kaner,
James Bach and Bret Pettichord in their book ‘‘Lessons Learned
in Software Testing’’ (Kaner et al., 2001). Exploratory testing
combines test design with test execution, and focuses on learning
about the system under test. The test technique is focused on
learning, shown in for example Hendrickson’s (2013) definition
of exploratory testing: ‘‘Simultaneously designing and executing
tests to learn about the system, using your insights from the
last experiment to inform the next’’. Gregory and Crispin (2015)
describe how exploratory testing and automated testing com-
plement each other: ‘‘Exploratory testing and automation aren’t
mutually exclusive but rather work in conjunction. Automation
handles the day-to-day repetitive regression testing (checking),
which enables the exploratory testers to test all the things the
team didn’t think about before coding’’.
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James Bach emphasizes that exploratory testing should not be
istaken for unstructured testing (Bach, 2020). Different setups
ave been presented for planning, execution and reporting ex-
loratory testing: testing can be organized as charters (Gregory
nd Crispin, 2015; Hendrickson, 2013) or tours (Gregory and
rispin, 2015; Whittaker, 2010) which are conducted as ses-
ions (Gregory and Crispin, 2015; Hendrickson, 2013) or threads
Gregory and Crispin, 2015).

.2. Research question

In our previous work (Mårtensson et al., 2017) we have shown
hat exploratory testing plays an important role in the continuous
ntegration and delivery pipeline for a large-scale software sys-
em. Whereas automated test activities in the pipeline are able
o rapidly provide feedback to developers and to verify require-
ents, exploratory testing can provide more in-depth insights
bout the system under test. In a study based on both quantitative
nd qualitative data, we developed a test method for exploratory
esting of large-scale systems, validated in a large-scale industry
roject (Mårtensson et al., 2017).
Since our previous study on exploratory testing, we have

dentified a growing interest in exploratory testing from several
f the companies we as researchers work with, and an interest
o improve how the test technique is used in the companies. A
olistic and structured approach is lacking that can point out the
ost important problem areas in each individual case. Based on

his, the topic of this research paper is to answer the following
esearch question:

• RQ1: How can efficient and effective exploratory testing be
realized in industrial organizations?

In order to work with RQ1 in a step-by-step approach, the
esearch question was during the study broken down into the
ollowing detailed research questions:

• RQ1.1: How are key factors that enable efficient and effective
exploratory testing of large-scale software systems described in
literature?

• RQ1.2: What are, according to practitioners in industry, the key
factors that enable efficient and effective exploratory testing of
large-scale software systems?

• RQ1.3: How can a model be constructed to support practi-
tioners in the industry to optimize exploratory testing in each
individual case?

.3. Contribution

The contribution of this paper is two-fold: First, it presents
esults from interviews and workshops with participants from six
ase study companies, that can give researchers and practitioners
n improved understanding how exploratory testing is used in
arge-scale industry projects. Second, it presents a new model
the ExET model) that can be used by practitioners in industry to
dentify and visualize strengths and improvement areas, which
an be used to optimize exploratory testing in each individual
ase.
In this paper, we have built upon our previous work (Mårtens-

on et al., 2019a), introducing the ExET model (Excellence in
xploratory Testing) based on the nine identified key factors.
he model is presented with a two-step process describing how
he ExET model is used, and the validation of the ExET model
industrial evaluation). This paper also includes a more extensive
resentation of the research method and a more extensive analy-
is of threats to validity. The five steps in the reported study and
he results from each step are further described in Section 2.1.
2

The remainder of this paper is organized as follows: In the
ext section, we present the research method. This is followed in
ection 3 by a study of related literature. In Section 4 we present
he analysis of the interview results (the list of key factors),
ollowed by a summary of the follow-up interviews and the cross-
ompany workshop in Section 5. The ExET model is presented in
ection 6, followed by a presentation of the validation of the ExET
odel in Section 7. Threats to validity are discussed in Section 8.
he paper is then concluded in Section 9.

. Research method

.1. Overview of the research method

The research study reported in this paper consists of five major
teps:

• Step 1: Reviewing literature: A literature review to investi-
gate if any key factors that can enable efficient and effec-
tive exploratory testing have been previously presented in
literature (presented in Section 3).

• Step 2: Identifying the key factors: A series of interviews to
identify key factors that enable efficient and effective ex-
ploratory testing of large-scale software systems (presented
in Section 4).

• Step 3: Confirming the key factors: A second series of follow-
up interviews and a cross-company workshop in order to
confirm the interpretation of the first series of interviews, as
well as looking for negative cases (presented in Section 5).

• Step 4: Development of the ExET model: Analysis of the results
from the two series of interviews, and development of the
Excellence in Exploratory Testing (ExET) model (presented
in Section 6).

• Step 5: Validation of the ExET model: Validation of the ExET
model: Validation of the ExET model in interviews and
workshops, and a comparison with the literature reviews
(presented in Section 7).

An overview of the research method is presented in Fig. 1:
s a first step, a literature review was conducted in order to
ook for solutions in published work. In parallel, a series of inter-
iews was conducted to identify key factors that enable efficient
nd effective exploratory testing of large-scale software systems.
his was followed by follow-up interviews and a cross-company
orkshop, to confirm the results from the first series of inter-
iews. The development of the ExET model was based primarily
n the results from the two series of interviews, as the literature
eview did not result in a comprehensive set of key factors. As
he final step, the ExET model was validated with interviews and
orkshops, and a comparison with the literature review.
Fig. 1 also shows how the steps of the study addresses the

etailed research questions (defined in Section 1.2) and how the
ase study companies were included in the different steps of the
tudy. The research method for each part of the study is further
escribed in Sections 2.2–2.6.
The study includes six case study companies, referred to as

ompany A, Company B, Company C, Company D, Company E
nd Company F. This study focuses on testing of functions fully
r partly implemented in software. The six companies operate in
he following industry segments:

• Company A: Automotive products and services
• Company B: Transport solutions for commercial use
• Company C: Video surveillance cameras and systems
• Company D: Services and solutions for military defense and

civil security
• Company E: Communications systems and services
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Fig. 1. An overview of the research method.
• Company F: Development, manufacturing and maintenance
of pumps

The studied companies are all multi-national organizations
ith more than 2,000 employees. All companies develop large-
cale and complex software systems for products, which also
nclude a significant amount of mechanical and electronic sys-
ems.

The companies were considered to be suitable for the study,
s they have similar characteristics, but at the same time are
perating in different industry segments. The companies were
elected as they wanted to increase the amount of exploratory
esting in their organization, and improve the ways in which
xploratory testing was used. The validation cases in Company
, Company E and Company F were purposely selected for the
xternal validation, as they were separated from the primary
tudies.

.2. Reviewing literature

To investigate whether solutions related to the research ques-
ion have been presented in published literature, a literature
eview was conducted, following the guidelines established by
itchenham (2004). A review protocol was created, containing
he question driving the review (‘‘How are key factors that enable
fficient and effective exploratory testing of large-scale software
ystems described in literature?’’) and the inclusion and exclu-
ion criteria (see Table 1). The review was purposely designed
o search for key factors that can enable efficient and effective
xploratory testing (i.e. not necessarily presented as a method or
model) in order to include all types of material that could be

elevant to the research question defined in Section 1. The stages
f the review (according to the guidelines from Kitchenham)
ere:

• Identification of research: Iterative analysis of title, abstract
and keywords of publications from trial searches using var-
ious combinations of search terms.

• Selection of primary studies: Exclusion of duplicates and con-
ference proceedings summaries.

• Study quality assessment: The relevance of the selected re-
search papers was assessed in a first review of each paper,
and papers considered to be not relevant were excluded.

• Data extraction & monitoring: Characteristics and content
of the remaining research papers were documented in an
iterative process.

• Data synthesis: The results from the review were collated
and summarized.

The analysis of the results from the literature review was
conducted iteratively in a two-step process, involving three of the
researchers in order to secure quality and correctness.

The results from the literature review was a better under-
standing of previously published literature related to the research
question, which later in the study was used as input to the
validation of the ExET model.
3

2.3. Identifying the key factors

In order to find a solution for the research question presented
in Section 1, a series of interviews were conducted to identify a
set of key factors that enable efficient and effective exploratory
testing of large-scale software systems. The interviews included
20 individuals from four of the case study companies (Company
A, Company B, Company C and Company D). Five interviewees
participated from Company A, three from Company B, six from
Company C and six from Company D. All of the interviewees
had experiences from exploratory testing as testers, and in some
cases also as test leaders. The interviews lasted from half an hour
up to (in most cases) one hour. They were conducted as semi-
structured interviews, using an interview guide with pre-defined
specific questions (interview guide 1 in Appendix). The inter-
view questions were designed to provide information leading to
the identification of key factors, but also to provide background
information about the interviewee and how exploratory testing
was used in the interviewee’s organization. The interviewer was
summarizing and transcribing the interviewee’s response during
the interview, and each response was read back to the intervie-
wee to ensure accuracy. The interview questions were sent to the
interviewee at least one day in advance.

The main question in the interview guide (Q1.6) asked the
interviewees to describe the key factors they believed can enable
efficient and effective exploratory testing of large-scale software
systems. The responses for Q1.6 included a large amount of
statements and comments. The interview results were analyzed
based on thematic coding analysis as described by Robson and
McCartan (2016), outlined in the following bullets:

• Familiarizing with the data: Reading and re-reading the tran-
scripts, noting down initial ideas.

• Generating initial codes: Extracts from the transcripts are
marked and coded in a systematic fashion across the entire
data set.

• Identifying themes: Collating codes into potential themes,
gathering all data relevant to each potential theme. Check-
ing if the themes work in relation to the coded extracts and
the entire data set. Revising the initial codes and/or themes
if necessary.

• Constructing thematic networks: Developing a thematic ‘map’
of the analysis.

• Integration and interpretation: Making comparisons between
different aspects of the data displayed in networks (cluster-
ing and counting statements and comments, attempting to
discover the factors underlying the process under investi-
gation, exploring for contrasts and comparisons). Revising
the thematic map if necessary. Assessing the quality of the
analysis.

The process was conducted iteratively to increase the qual-
ity of the analysis, reaching consensus within the group of re-
searchers through discussions and visualization in diagrams and
text. Comments and statements from the interviewees were as
a first step sorted into categories, which during the process were
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eorganized into new structures. For example, statements regard-
ng a test environment suitable for debugging and statements re-
arding tools for recording for were originally handled separately,
ut were then merged into the same category. The remaining nine
hemes were then described, with two or three representative
uotes selected from the transcripts included in the descriptions.
pecial attention was paid to outliers (interviewee comments that
o not fit into the overall pattern) according to the guidelines
rom Robson and McCartan (2016) in order to strengthen the
xplanations and isolate the mechanisms involved.
The results from the analysis of the first series of interviews

as a list of identified key factors which can enable efficient and
ffective exploratory testing.

.4. Confirming the key factors

The next step of the study was follow-up interviews with the
ame 20 individuals as the first series of interviews, to collect
eedback on the identified key factors. The purpose of the follow-
p interviews was to confirm that the interpretation of the first
eries of interviews was correct, as well as looking for negative
ases.
The interviews in the second series of interviews lasted for

bout half an hour, and were conducted in a similar way as the
irst series of interviews: The interviews were semi-structured
nterviews, using an interview guide with pre-defined specific
uestions (interview guide 2 in Appendix). The interview ques-
ions were designed to provide information about how the identi-
ied key factors were received by the interviewee. The interviewer
as summarizing and transcribing the interviewee’s response
uring the interview, and each response was read back to the
nterviewee to ensure accuracy. The interview questions were
ent to the interviewee at least one day in advance.
In order to achieve method and data triangulation (Runeson

nd Höst, 2009), the follow-up interviews were complemented
ith a cross-company workshop with 14 participants represent-

ng all four case study companies participating in the two series
f interviews (Company A, Company B, Company C and Company
). The participants at the workshop had roles in their companies
s tester, test leader, test specialist and line manager. At the
orkshop, two of the researchers presented the results from the

iterature review and the two series of interviews. The workshop
articipants discussed the presented key factors, and discussed
he identified differences between the companies.

Researcher bias could be a threat to reliability during the
nterpretation of interview results. This threat was mitigated
ith member checking (the follow-up interviews) and a focus
roup (the cross-company workshop) as described in Section 5,
ollowing the guidelines from Robson and McCartan (2016) who
onsider this to be ‘‘a very valuable means of guarding against
esearcher bias’’ and a good way to ‘‘amplify and understand the
indings’’.

The results from the analysis of the follow-up interviews and
he cross-company workshop was a better understanding of the
dentified key factors, and confirmation of the validity of the key
actors in the case study companies.

.5. Development of the ExET model

The Excellence in Exploratory Testing (ExET) model was de-
eloped primarily based on the analysis of the results from the
wo interview series described in Sections 2.3 and 2.4, which
ncluded interviewees from Company A, Company B, Company C
nd Company D. The analysis and design process was conducted
teratively to increase the quality of the results.
4

Table 1
Inclusion and exclusion criteria for the literature review.
Inclusion criterion Yield

Publications matching the Scopus search string
TITLE-ABS-KEY (‘‘exploratory testing’’) on
October 27, 2018

129

Exclusion criterion Remaining

Excluding duplicates and conference proceedings
summaries

122

Excluding publications not related to development of
software systems

71

Excluding publications with no available full-text 65

The ExET model is a representation of strengths and improve-
ment areas in an organization, which can be used to improve
exploratory testing. The ExET model was designed to provide
as much information as possible about the strengths and pos-
sible improvement areas in the organization. One factor (factor
six) represents balance between freedom and structure, and was
therefore split into two statements (6a and 6b) in order to isolate
the root causes as much as possible.

The ExET model is used in a simple two-step process, in order
to both involve the testers and the stakeholders for the test
activities. A simplistic approach was purposely selected, based on
our experiences and positive feedback received in the validation
phases in our previous studies (Mårtensson et al., 2018, 2019b).

The results from this part of the research study was a model
(the ExET model) which can show companies what they should
prioritize in order to optimize exploratory testing in their orga-
nization.

2.6. Validation of the ExET model

The ExET model was validated using the following meth-
ods to achieve method and data triangulation according to the
guidelines from Runeson and Höst (2009):

• Validation interviews and workshops: Interviews and work-
shops in five validation cases in three companies (Company
D, Company E and Company F). The interviewees and work-
shop participants used the ExET model to evaluate the status
in their organization to identify improvement areas. The
purpose of the validation interviews and workshops was to
evaluate if the ExET model was considered actionable and
useful in practice.

• Validation cross-company workshop: A cross-company work-
shop with participants from all six companies in the study
(Company A, Company B, Company C, Company D, Company
E and Company F). The workshop participants discussed the
results from the validation cases, further strengthening the
reliability of the results from the study.

• Comparison with literature review: Comparison of the ExET
model and related work found in literature, primarily to
discuss the novelty of the ExET model.

The validation cases in Company D, Company E and Company
were purposely selected for the external validation as they

re separated from the primary studies (resulting in the ExET
odel). The organization in each validation case wanted not just

o improve how they used exploratory testing, but also to in-
rease the amount of exploratory testing in the organization. The
esign of the validation of the ExET model is described in-depth
n Section 7.1.

The validation interviews and workshops (in all validation
ases) were held within a time-frame of three months, and the
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alidation cross-company workshop about one month later. Al-
ogether, all validation activities were conducted within a time
rame of four months.

The results from the validation of the ExET model was an
ndustrial evaluation of how the model delivers value to the
ndustry, and identified suggestions for how the model can be
mproved.

. Reviewing literature

.1. Criteria for the literature review

In order to investigate if any key factors that can enable
fficient and effective exploratory testing have been previously
resented in related work, a literature review (Kitchenham, 2004)
as conducted. The question driving the review was ‘‘How are
ey factors that enable efficient and effective exploratory testing
f large-scale software systems described in literature?’’ The in-
lusion criterion and the exclusion criterion for the review are
hown in Table 1. To identify published literature, a Scopus search
as conducted. The decision to use only one indexing service was
ased on that we in previous work (Ståhl and Bosch, 2014, 2016;
tåhl et al., 2016) have found Scopus to cover a large majority of
ublished literature in the field, with other search engines only
roviding very small result sets not already covered by Scopus.
his threat to validity is also discussed in Section 8.1
Our previous work (Mårtensson et al., 2017) includes a sim-

lar literature review, covering 52 publications. For the litera-
ure review in this study we expanded the search scope, which
ielded 129 publications. After removing duplicates and confer-
nce proceedings summaries, the abstract of the remaining 122
ublications were reviewed manually. Publications not related to
evelopment of software systems were excluded, i.e. removing
ublications related to archeology, chemistry et cetera. As a final
tage, publications for which we could not find any available
ull-text were excluded from the literature review.

Characteristics and content of the remaining 65 research pa-
ers were then documented in a consistent manner in a data
xtraction protocol: for each paper a summary of how the paper
as related to the research question, and representative key-
ords and quotes (sorted into categories which emerged during
he process). The process was conducted iteratively to increase
he quality of the analysis. Finally, the results from the review
ere collated and summarized.

.2. Results from the literature review

An overview of the publications found in the literature re-
iew is presented in Table 2. The review of the 65 publications
etrieved from the search revealed that nine of the publications
ere not directly related to exploratory testing (only mention-

ng exploratory testing in passing while discussing other test
echniques).

Ten of the publications are comparing exploratory testing and
ther test techniques, typically comparing exploratory testing and
cripted testing (also referred to as test case based testing, spec-
fication based testing or confirmatory testing). The comparisons
ere based on literature reviews, true experiments, and case
tudies from industry projects. The papers describe or touch upon
he strengths and weaknesses of exploratory testing (e.g. Shah
t al., 2014a), but do generally not define key factors for efficient
r effective exploratory testing.
Twenty publications propose new methods that in different

ays involve or include a reference to exploratory testing. Eleven
f those publications present new methods or approaches, which
ombine exploratory testing and another test technique (Basri
5

Table 2
An overview of the publications found in the literature review.
Topic of the publications Number of papers

Not relevant 9
Comparing exploratory testing and other
test techniques

10

Methods 20
Tools 7
How exploratory testing is used 9
Reporting experiences 10

Summary 65

et al., 2019; Calpur et al., 2017; Frajtak et al., 2016; Gebizli and
Sozer, 2014; Hellmann and Maurer, 2011; Hudson and Denzinger,
2015; Kim and Lee, 2014; Kuhn, 2013; Mihindukulasooriya et al.,
2016; Rashmi and Suma, 2014; Schaefer and Do, 2014). These
methods try to combine the flexibility of exploratory testing with
the structure provided by scripted test cases. As one example, Fra-
jtak et al. (2016) describe that the testers can use ‘‘their skills and
intuition to explore the system’’, but ‘‘it is hard to measure the
effectiveness of the [exploratory] testing’’. As a solution, Frajtak
et al. propose a technique where recording of the (exploratory)
testers actions are used to create test case scenarios. Ghazi et al.
(2017) provide a different kind of structure, aiming to support
practitioners in the design of test charters through checklists.
Sviridova et al. (2013) discuss effectiveness of exploratory testing
and propose to use scenarios. The level of freedom in exploratory
testing is discussed by Ghazi et al. (2018), presenting a scale
for the degree of exploration and defining five levels. Raappana
et al. (2016) report the effectiveness of a test method called
‘‘team exploratory testing’’, which is defined as a way to perform
session-based exploratory testing in teams. One of the papers
is our previous work (Mårtensson et al., 2017), presenting a
test method for exploratory testing of large-scale systems (as
described in Section 1). Finally, Shah et al. (2014a,b) take a
somewhat different approach, describing exploratory testing as
a source of technical debt, and propose (as a solution to this
problem) that exploratory testing should be combined with other
testing approaches.

Seven of the publications present different types of tools,
developed to increase the efficiency in exploratory testing. How-
ever, three of the papers does not include any validation of the
presented tool. The remaining four papers describe tools devel-
oped to visualize how the executed testing covers the system
under test (Bures et al., 2018; Frajtak et al., 2017), visualize code
changes in the system under test (Reis and Mota, 2018), and
refine system models based on recorded testing activities (Gebizli
and Sözer, 2017a).

Nine publications describe in different ways how exploratory
testing is used by the testers. Four of those publications (Gebizli
and Sözer, 2017b; Itkonen et al., 2009, 2013; Micallef et al.,
2016) focus on the tester’s knowledge and experience: Itkonen
et al. (2013) discuss how testers recognize failures based on
their personal knowledge without detailed test case descriptions
(‘‘domain knowledge, system knowledge, and general software
engineering knowledge’’). Gebizli and Sözer (2017b) present re-
sults from a study showing that both educational background
and experience level has ‘‘significant impact’’ on the efficiency
and effectiveness of exploratory testing. In contrast to that, two
papers (Pfahl et al., 2014; Shoaib et al., 2009) focus on the tester’s
personality: Shoaib et al. (2009) simply conclude that ‘‘people
having extrovert personality types are good exploratory testers’’.
Pfahl et al. (2014) analyzes the results from an online survey,
and finds that exploratory testing ‘‘is as an approach that sup-
ports creativity during testing and that is effective and efficient’’.



T. Mårtensson, D. Ståhl, A. Martini et al. The Journal of Systems & Software 174 (2021) 110890

T
i
o
a
e

i
o
f
e
(
l
u

t
t
t
a
p
s
a
o

4

4

i
f
i
e
s
t
i

d
T
a
(
r
a
t
t
4

t
n
s
w
n
t

w
d
q
w
m
s
s
s
e
l
(
i
c

k
t
b
d
s
m
‘
h
r
‘
i
a
c
t
m
o
p
a
i
a

t
p
w
e
f
t
o
a
a
c
e
a
i
t
d
s
a
f
i
t
a
q
w

w
i
h
m

uomikoski and Tervonen (2009) embrace both approaches, stat-
ng that ‘‘the effectiveness of exploratory testing is strongly based
n individual test engineer’s skills and ability to analyze system
nd its behavior’’ but also that ‘‘exploratory testing doesn’t fit for
veryone, and really requires experienced test engineers’’.
Finally, ten papers report experiences from exploratory testing

n industry, but without presenting any documented quantitative
r qualitative data. Pichler and Ramler (2008) present experiences
rom development of mobile devices, and find that ‘‘tool support
nhances the capability of human testers’’. Kumar and Wallace
2013) describe that for the exploratory tester, it is ‘‘easy to get
ost in a thicket of well-intentioned heuristics’’, and proposes the
se of ‘‘problem frames’’ as a solution for this problem.
In summary, we found no publication summarizing key factors

hat enable efficient and effective exploratory testing. Some of
he identified papers discuss isolated factors, e.g. how the effec-
iveness of exploratory testing is based on the testers’ knowledge
nd personality, or how tools can increase the efficiency in ex-
loratory testing. However, the results from the literature review
hows that previously published work lacks a holistic perspective
nd instead tend to focus on one aspect, leaving out areas that
ther authors consider to be the core issues.

. Identifying the key factors

.1. Background information

The literature review (presented in Section 3) did not result
n a comprehensive set of key factors. In order to find a solution
or the research question presented in Section 1, a series of
nterviews were conducted to identify a set of key factors that
nable efficient and effective exploratory testing of large-scale
oftware systems. The key factors were later in the study used in
he development of the ExET model, which is described in detail
n Section 6.1.

The interviews were based on an interview guide with pre-
efined specific questions (interview guide 1 in Appendix).
wenty individuals participated in the interviews, with an aver-
ge of 13 years of experience of industry software development
spanning from 4 to 46 years). The interviewees all had expe-
iences from exploratory testing as testers, and in some cases
lso as test leaders. The interviewees had a very positive attitude
owards exploratory testing, rating ‘‘the value of exploratory
esting as a test technique for large-scale software systems’’ as
or 5 on a Likert scale from 1 (‘‘very low’’) to 5 (‘‘very high’’).
Interviewees from all four case study companies described

hat exploratory testing was used for two purposes in their orga-
ization: to find bugs during development of new functions and
ystems, and for testing of the complete system. The intervie-
ees described that exploratory testing was used primarily for
ew functions, whereas automated testing and manual scripted
esting was used primarily for regression tests.

The interviewees were also asked to describe strengths and
eaknesses with exploratory testing. Generally, the interviewees
escribed that exploratory testing is a good way to find problems
uickly and efficiently. Exploratory testing is also a more creative
ay to work for the testers, and was therefore considered to
ake better use of the testers. Exploratory testing was also de-
cribed as a good way to test system-wide and to test large-scale
ystems, especially exploratory testing with an end-user per-
pective. The interviewees also described a few weaknesses with
xploratory testing: Some interviewees described that they be-
ieved that exploratory testing was more difficult for new testers
as experience is more important). Another viewpoint was that
t could be more difficult to describe what you have tested,
ompared to if you follow a scripted test case.
6

4.2. Key factors for efficient and effective exploratory testing

The main question of the first series of interviews was: ‘‘What
are the key factors that you think enable efficient and effective ex-
ploratory testing of large-scale software systems?’’ The responses
for this question included a large amount of statements and
comments. Extracts from the interview responses were sorted
into categories, which during the process were reorganized into
new structures (as described in Section 2.3). A thematic network
were constructed (Robson and McCartan, 2016), resulting in a
thematic map with four main themes, which in turn consist of
several sub-themes: a list of key factors which can enable efficient
and effective exploratory testing.

The four main themes (groups of key factors) and their sub-
themes (the key factors) are shown in Table 3, together with
information about of how many interviewees that provided state-
ments supporting each factor and group of factors.

All 20 interviewees talked about the importance of the testers’
nowledge, experience and personality. In order to test the system,
he testers must know how the system is built, and the correct
ehavior of the system. One interviewee asked for ‘‘testers with
ifferent types of experiences’’. Another voice asked for ‘‘good
ystem knowledge’’. One interviewee described that the tester
ust have ‘‘test confidence’’, meaning that as a tester you should

‘trust your instinct that this is wrong’’. The testers must also know
ow the product is used by the end-user (or the end user should be
epresented in the test team). To quote one of the interviewees:
‘If you have the end-user perspective, then you know if a problem
s a problem’’. One interviewee even stated that ‘‘you should
lways have the end-user perspective’’. The testers must also be
urious and want to learn about the system. This means that even if
he tester has good system knowledge, he/she still wants to learn
ore. The interviewees described that this calls for certain types
f personalities, e.g. ‘‘the right personality, to be interested in new
erspectives, curiosity, imagination’’. Some of the interviewees
lso described this as an interest in tracking down the problems
n the system, e.g. ‘‘someone who want to find the bugs – curious
nd creative people’’.
As many as 18 interviewees did in different ways talk about

he purpose and scope of the tests. This includes a well-defined
urpose and scope for the tests (system functions ready to be tested)
hich the testers can transform into e.g. scenarios or focus ar-
as. One interviewee described that ‘‘you should have a list of
unctions that should be tested’’. Several interviewees clarified
hat this should not be interpreted as that exploratory testing
nly could be used at a final stage of a project, and that this also
ffect development planning: ‘‘Test when the function is ready,
nd not too early. You must build the function in steps so it
an be tested’’. Another interviewee had a similar comment: ‘‘Do
xploratory testing early, but test complete functions’’. A related
rea is regression testing to secure basic stability and integrity
n the system (before exploratory testing). Efficient regression
esting finds problems in legacy functions (introduced due to
ependencies between functions or systems). If this works well,
killed exploratory testers will not waste their time investigating
nd reporting problems with legacy functions, but can instead
ocus on testing the new functions. As one of interviewees put
t: ‘‘Simple problems should be identified and corrected from au-
omated testing’’. In the same way, the testers’ time is not wasted
t trouble-shooting problems that has already been analyzed. To
uote one of the interviewees: ‘‘what is the status of the product,
hat are the known errors or problems’’.
Ways of working were discussed by 14 of the 20 intervie-

ees. The interviewees requested an established way of working,
ncluding planning meetings, preparations, test strategies and
euristics (a balance between structure and freedom). The state-
ents from the interviewees were quite general, e.g. ‘‘some kind
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Table 3
The nine key factors that can enable efficient and effective exploratory testing, and the number of interviewees that
provided statements supporting each factor and group of factors.

Interviewees

The testers’ knowledge, experience and personality 20
1. – The testers know how the system is built, and the correct behavior of the

system
14

2. – The testers know how the product is used by the end-user (or the end
user is represented in the test team)

12

3. – The testers are curious and want to learn about the system 16

Purpose and scope 18
4. – A well-defined purpose and scope for the tests (system functions ready to be

tested) which the testers can transform into e.g. scenarios or focus areas
10

5. – Regression testing secure basic stability and integrity in the system (before
exploratory testing)

11

Ways of working 14
6. – An established way of working, including e.g. planning meetings, preparations,

test strategies and heuristics (a balance between structure and freedom)
10

7. – Testers with different experiences and competences work together as a team,
helping each other with new ideas and knowledge about different parts of the
system

12

Recording and reporting 17
8. – Test environments that support debugging and recording 10
9. – A well-defined way to report the test results, including a description of areas

covered by the tests and a list of identified problems
12
of structure for the testing’’. However, the interviewees also em-
phasized that this structure should never be at the same detailed
level as manual test-case-based testing, described e.g. by one
of the interviewees as to ‘‘find the balance between freedom
and traceability’’. One interviewee stated that ‘‘You must have
fun – play around with things’’. The interviewees particularly
emphasized advantages from that testers with different experiences
nd competences work together as a team, helping each other with
ew ideas and knowledge about different parts of the system.
ome interviewees asked for that the testers should do the testing
ogether (‘‘test together with colleagues’’). Others focused on that
esters should help each other with new ideas, preparations et
etera (‘‘a structure for how testers should support each other’’).
enerally, the interviewees asked for individuals with different
nowledge and experience (‘‘a team with a mix of individuals’’).
Seventeen of the 20 interviewees talked about recording and

eporting. The interviewees described test environments that sup-
ort debugging and recording as a prerequisite for efficient testing,
n order to provide detailed data about the identified problems.
he interviewees also asked for recording in order to document
he testing. Quoting one of the interviewees: ‘‘An efficient way
f documenting what you do’’. The interviewees also asked for a
ell-defined way to report the test results, including a description
f areas covered by the tests and a list of identified problems.
eporting should not be limited to only problem reports, as it is
lso important to describe which areas of the product that has
een tested. This is important in order to avoid that testers (or
est teams) spend time testing the same things, and to secure
hat the purpose and scope of the testing is fully covered. As one
f the interviewees phrased it: ‘‘You must document in a good
ay what you have done, otherwise you might miss important
reas’’. There were different opinions about how the results from
he testing should be reported. One interviewee explained that
est results should be visualized, i.e. not only described in text.
nother interviewee argued that the best way is to ‘‘involve the
eople interested in the test in the test’’.
In summary, we find that the thematic coding analysis of the

nterview results resulted in nine factors, all supported by state-
ents or comments from at least ten of the interviewees. The
ine factors were arranged in four groups, each group supported
y between fourteen and twenty interviewees.
7

5. Confirming the key factors

5.1. Follow-up interviews

In order to strengthen the validity of the findings from the first
series of interviews, a second series of interviews was conducted
(interview guide 2 in Appendix). The list of key factors (presented
in Table 3) were presented to the interviewees. The interviewees
were then asked to rate the importance of each factor on a
Likert scale from 1 (‘‘not important’’) to 5 (‘‘very important’’). This
means that the interviewees did not only provide feedback on the
interpretation of their own responses, but were also providing
feedback on the input from 19 other interviewees from four
companies.

The interviewees confirmed the list of factors, rating the im-
portance of each factor as 4 or 5. The interviewees often added
comments like ‘‘All factors seem to be very important’’ or ‘‘All
factors are relevant and good – they describe prerequisites for
good testing’’. The interviewees were also asked to explain if
they had not for example talked about e.g. test environments in
the first interview, but now rated this factor as very important.
Generally, the interviewees explained this with e.g. ‘‘the things
I did not talk about [at the first interview] was what I took
for granted’’ or similar comments. Even though the interviewees
described all of the factors as relevant and important, some of the
interviewees did also in different ways emphasize the importance
of one or several of the factors:

• Four interviewees emphasized the importance of the testers
(the first three factors).

• Four interviewees commented on the importance of balance
between structure and freedom (factor six)

• One interviewee described ‘‘working together’’ as most im-
portant (factor seven)

• Two interviewees described reporting of test results as dif-
ficult, and how a good test report is depending on a good
test environment (factor eight and nine)

Three interviewees commented on the fact that the factors
seem to be correlated, e.g. to work together as a team is less
important if every single tester covers all types experiences and
competences. One interviewee rated five of the factors as 2 or 3,
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nd suggested changes such as ‘‘I want to include the term do-
ain knowledge in this factor’’. However, the same interviewee
oncluded with ‘‘the list is great, but it can be better’’.
In summary, we find that all of the interviewees confirmed the

ist of key factors, often with positive or very positive comments.
e find that the second series of interviews confirm the results

rom the first series of interviews, showing that the key factors
resented in Table 3 in a good way reflect the interviewees’
ositions and viewpoints.

.2. Cross-company workshop

To complement the second series of interviews, a cross-
ompany workshop was organized with participants from all four
ase study companies. Fourteen individuals participated in the
orkshop, five of them with roles as manager, test leader or
est specialist. Four of the participants at the workshop had also
een participating as interviewees in the two series of interviews.
t the workshop, two of the researchers presented the results
rom the literature review and the two series of interviews. The
orkshop participants discussed the presented key factors (from
able 3) but had only minor comments regarding the factors
e.g. ‘‘to talk to the developers is probably better than just to write
problem report’’).
The researchers also presented a summary of differences be-

ween the case study companies: All factors were supported
y comments or statements from interviewees from all case
tudy companies, except for the factor ‘‘A well-defined purpose
nd scope for the tests’’ (coming from three of the four com-
anies). However, workshop participants from the fourth com-
any described that they also work with purpose and scope,
nd considered this to be important. Another difference between
he companies identified in the first series of interviews was
hat ‘‘Work together as a team’’ was implemented differently in
he case study companies: In two of the companies the testers
orked together in the test facilities. In the other two companies
he testers tested separately, but worked together and supported
ach other as a team in other ways, e.g. with planning and
reparations.
The workshop participants were asked to rate their current

ituation with regards to each factor. This revealed differences
etween the companies, and encouraged discussions related to
ome of the factors, e.g.:

• Should the exploratory test teams cover all types of end-
users (such as e.g. a service technician), or focus only on the
primary user (e.g. the driver of the car)?

• How are stability and integrity best maintained in the sys-
tem — with e.g. 100% code coverage on component level, or
a mix of component tests and system tests?

• What does reporting actually mean — does it include to
follow up that the information has actually been received
by the R&D department?

Participants representing all four case study companies
howed interest in a continued study, with the purpose to con-
truct a method or a model based on the identified nine key
actors. The method/model could then be used to evaluate the
urrent situation in an organization, and provide input to im-
rovement initiatives related to exploratory testing. The work-
hop participants discussed if such a model could include the
takeholders who can enable solutions for the different key fac-
ors. It then became evident that the workshop participants had
uite different opinions, also among participants from the same
ompany. As it seems, it is difficult to identify one single role

ho can enable a factor. Instead, many roles are involved, or

8

Fig. 2. Strengths and improvement areas for exploratory testing visualized in
the ExET model.

it could be difficult to identify any relevant role or part of the
organization.

The workshop participants also discussed how the key factors
are correlated, e.g. if the testers have the right knowledge, ex-
perience and personality (the first three factors), they probably
need less support from an established way of working (the sixth
factor). Generally, almost all of the identified connections pointed
towards the first two key factors (related to the testers’ knowl-
edge and experience). We interpret this as that factors related to
‘‘the right people’’ should be considered to be more important
than factors related to ‘‘the right structure’’.

Finally, the workshop participants discussed how exploratory
testing is related to Agile methodologies. The individuals partic-
ipating at the workshop expressed very different opinions. One
of the workshop participants had the opinion that exploratory
testing harmonize well with Agile development (‘‘exploratory
testing is enabling Agile’’). Another individual had a somewhat
opposite opinion (‘‘Agile is killing exploratory testing’’) based
on that Agile methodologies often tend to focus on automated
testing.

We find that the cross-company workshop confirmed the find-
ings from the two series of interviews, and that the identified
key factors are valid for all four case study companies. The in-
terest from the workshop participants in the construction of an
actionable method or model based on the nine key factors shows
that the results from the study are considered to be useful in
practice. One workshop participant concluded the workshop with
the words ‘‘It was good to see the nine factors, and to see that also
other companies find these things to be important. This makes it
easier for us to change things back home’’.

6. The ExET model

6.1. A description of the ExET model

In the studies of related work (presented in Section 3) we
found several publications presenting material related to the
efficiency and effectiveness of exploratory testing. However, all
of the reviewed publications tend to focus on one aspect, leaving
out areas that other authors consider to be the core issues. In
response to this, we developed the ExET model (Excellence in
Exploratory Testing) based on the analysis of the interview results
presented in Sections 4 and 5.

The ExET model is a representation of strengths and improve-
ment areas in an organization, which can be used to optimize
exploratory testing in each individual case. The ideal situation
in the model is represented by set of statements (presented in
Table 4). At an ExET assessment, the participants compare their
current situation to the ideal situation (as shown in Fig. 2). The
result is a representation in the ExET model of the current status
in the organization. The procedure to use the model is further
described in Section 6.2, including an example of visualization of
the results from an ExET assessment (Fig. 4).

In the ExET model, the key factors from the thematic coding
analysis (presented in Section 4.2) have been transformed into a
list of statements. The statements, representing the ideal situation
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tatements representing the ideal situation in the ExET model.
1. The testers know how the system is built, and the correct

behavior of the system
2. The testers know how the product is used by the end-user (or

the end user is represented in the test team)
3. The testers are curious and want to learn about the system
4. We have a well-defined purpose and scope for the tests (system

functions ready to be tested) which the testers can transform
into e.g. scenarios or focus areas

5. We have regression testing to secure basic stability and integrity
in the system (before exploratory testing)

6a. We have a structured way of working, e.g. planning meetings,
preparations, test strategies

6b. Our way of working (e.g. planning meetings, preparations, test
strategies) provide sufficient freedom for the tester

7 Testers with different experiences and competences work
together as a team, helping each other with new ideas and
knowledge about different parts of the system

8 We have test environments that support debugging and recording
9. We have a well-defined way to report the test results, including

a description of areas covered by the tests and a list of identified
problems

in the ExET model, are presented in Table 4. A simplistic approach
was purposely selected in the design of the ExET model, based on
our experiences and positive feedback received in the validation
phases in our previous studies (Mårtensson et al., 2018, 2019b).
The statements in the ExET model were designed to provide as
much information as possible about the strengths and possible
improvement areas in an organization. To a large extent, the
statements in the ExET model are mirroring the key factors from
Table 3 in Section 4.2. One of the factors (factor six) speaks about
balance between freedom and structure, and is therefore split into
two statements (6a and 6b) in order to isolate the root causes as
much as possible.

The analysis of the first series of interviews in this study
presented in Section 4) showed that efficient and effective ex-
loratory testing depends on many different things, spanning
rom recruitment and training of the testers to ways of working
nd the characteristics of the test environment. From the inter-
iews, we also learned that companies struggle with different
roblems. For example, the testers’ competence about the prod-
ct could be a huge problem in one company, but this could be
orking well in other companies (which instead brought forward
ther problem areas). Here the ExET model plays a role, pointing
ut on the most important problem areas of each individual case.

.2. How to use the model

The model is used in a simple two-step process (presented in
ig. 3) resulting in a list of improvement initiatives for the most
rioritized problem areas in the organization.
Step 1 – ExET assessment: At the ExET assessment, the ex-

loratory testers rate to which degree (on a Likert scale) each
f the statements in the ExET model mirrors the situation in
heir organization. That is, the participants compare their current
ituation to the ideal situation (as shown in Fig. 2), and thereby
dentifies the strengths and potential improvement areas in the
rganization. The assessment can be conducted as a series of
ndividual interviews, or a group interview (but still with individ-
al responses from each tester). The participants are asked how
ach statement reflects the current situation in their organiza-
ion, and are asked to respond on a Likert scale: Strongly Agree,
gree, Somewhat Agree, Somewhat Disagree, Disagree and Strongly
isagree.
Step 2 – ExET workshop: The purpose of the ExET workshop is
to prioritize the most important problem areas and to identify w

9

improvement initiatives. The workshop participants are repre-
sentatives for the exploratory testers, stakeholders (e.g. a line
manager) and enabling functions (e.g. responsible for the test en-
vironment). The results from the ExET assessment are visualized
in the ExET model, and presented at the ExET workshop, in order
to promote discussions. An example of a visualization in the ExET
model is shown in Fig. 4. The responses from the interviewees
from the ExET assessment are shown as bullets in the cells corre-
sponding to the interviewees’ responses (Strongly Agree, Agree,
etc.). Identified strengths and improvement areas are empha-
sized, in the example in Fig. 4 with one green circle (emphasizing
the testers’ competence and personality as strengths) and two red
circles (marking purpose and test environments as improvement
areas). Selected quotes from the interviews are shown to the
right, highlighting representative comments and statements from
the exploratory testers. The values in Fig. 4 are fictitious, and are
not related to any of the case study companies in the study.

The expected result from the ExET assessment and the ExET
workshop is a list of prioritized improvement areas (which can
enable efficient exploratory testing in the organization) and/or a
clearly defined list of improvement initiatives. We recommend
to schedule a new ExET workshop (e.g. six months after the first
one) to follow up the improvement initiatives. If significant im-
provement have been done in the organization, we recommend
to also schedule a new ExET assessment, as it is conceivable that
new problems can be identified (not evident in the organization
at the time of the first ExET assessment).

7. Validation of the ExET model

7.1. The five validation cases

In the validation of the ExET model, the model was used in five
validation cases. In each case the ExET model was used according
to the two-step process described in Section 6.2, including an
ExET assessment and an ExET workshop. We will refer to the five
validation cases as follows:

• Validation Case 1 (in Company D)
• Validation Case 2 (in Company D)
• Validation Case 3 (in Company E)
• Validation Case 4 (in Company E)
• Validation Case 5 (in Company F)

To provide external validation, the validation cases did not
involve any of the individuals or organizations involved in the
studied to develop the ExET model (described in Sections 4 and
5). Company D was involved in both the primary studies and the
validation, but different parts of the organization were selected
for the primary studies and the validation. In addition to this,
the two validation cases in Company D (Case 1 and Case 2) were
located in different cities and worked with different products in
the company (an airborne product and a ground-based product).
The same circumstances applied to Validation Case 3 and 4 in
Company E (a platform system and a mobility system). Validation
Case 5 in Company F covered the main product in the company.
The organization in each validation case wanted not just to im-
prove how they used exploratory testing, but also to increase the
amount of exploratory testing in the organization.

The ExET assessments were done with individual interviews
n four of the cases, and as a group interview in the fifth case
n order to compare the different formats. The group interview
ormat enabled discussions between the participants, but at the
ame time the individual interviews gave every participant the
ame opportunity to be heard. The interviewees had roles in their
ompanies as tester, test leader, test architect or manager. They

ere all in different ways directly involved in the exploratory
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Fig. 3. Using the ExET model to identify a list of improvement initiatives to enable efficient and effective exploratory testing in the organization.
Fig. 4. Strengths and improvement areas visualized in the ExET model, showing how exploratory testing can be improved in the organization (example).
esting activities in their organization. The 36 interviewees had
n average of 13.5 years of experience of software development
n industry, spanning from 1 to 33 years. Fig. 5 presents the distri-
ution of the interviewees regarding years of experience and the
nterviewee’s role in their company. The number of participants
t the ExET assessments in each validation case are summarized
n Table 5 in Section 7.3.

The results from the ExET assessment in each of the cases
ere summarized and visualized in the ExET model (similar
o the example in Fig. 4). All validation cases had generally
ore positive responses (Strongly Agree, Agree and Somewhat
gree) than negative responses. At the same time, responses in
ll companies pointed at improvement areas in each company. No
attern could be found in all companies with regards to identified
roblems, i.e. what was considered to be a major problem in one
r several of the companies were found to be working well in
ther companies.
Each participant in the ExET assessments was asked how well

he ExET Model succeeded in summarizing the status in their
rganization, and were asked to respond on the Likert scale
rom Strongly Agree to Strongly Disagree. All the participants
esponded Agree or Strongly Agree. The participants were also
sked if they thought that there is something important that is
ot covered by the factors in the model, or if any of the nine
actors do not belong in the list. Generally, the responses were
hat nothing needed to be changed. The other responses were
ound to be not related to the ExET model, e.g. ‘‘the testers should
ave more time for exploratory testing’’. There were also many
ositive, or even very positive comments on the ExET model.
omments such as ‘‘very good questions’’ or ‘‘the nine factors
re spot on’’ showed that the factors in the ExET model were
ell received by the participants. The participants also found the
esults from the assessment to be valuable (e.g. ‘‘This was great,
good summary for management: to show them what needs to
e done in order to make things work’’).
The ExET workshops were conducted in the same way in all

he five validation cases. The visualization of the results from
he ExET assessment were presented for the workshop partici-
ants, who all had roles as tester, test leader, test architect, test
10
manager or line manager (for a group of testers). The number
of participants at the ExET workshop in each validation case are
summarized in Table 5. The workshop participants were generally
confirming the strengths and problem areas presented in the
visualization, and discussed root cases as well as solutions for the
exposed problems. The workshop participants found that many
problems could not be easily solved, especially issues related to
the testers’ competence and/or personality. The participants also
discussed how the presented results applied to that their orga-
nization wanted to increase the amount of exploratory testing,
e.g. how new testers should be onboarded.

The participants at each ExET workshop were asked to eval-
uate the workshop and the ExET model. The participants were
also asked if they thought that there is something important that
is not covered by the factors in the model, or if any of the nine
factors not belong in the list. In all cases, the workshop partici-
pants found that the workshop had resulted in good discussions
and ideas for improvement initiatives. The ExET model was well
received, and the only improvement comments were related to
how the model could be expanded to cover testing in general (not
only exploratory testing). The two-step process to use the model
was well received by the participants at the ExET workshops,
expressed in comments such as ‘‘the method was very good’’
or ‘‘very much information for very little effort’’. Participants at
three of the ExET workshops described how they should use the
results from the ExET workshop, adding comments such as ‘‘I look
forward to discussing this with management’’.

7.2. Validation cross-company workshop

As a complement to the validation of the ExET model in the
five validation cases presented in Section 7.1, we facilitated a
validation cross-company workshop including participants from
all six companies in the study. The validation cross-company
workshop included 29 participants: six from Company A, three
from Company B, three from Company C, five from Company
D, six from Company E, three from Company F, and three of
the researchers. The participants had roles in their companies as
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Fig. 5. Distribution of the 36 interviewees in the ExET assessments with regards to years of experience (left) and the interviewee’s role in their company (right).
Table 5
Number of participants in each ExET assessment and ExET workshop.
Validation case Interviewees at ExET

assessments with
individual interviews

Interviewees at ExET
assessment with group
interviews

Workshop participants at
ExET workshop

Case 1 (Company D) 5 – 5
Case 2 (Company D) – 10 6
Case 3 (Company E) 12 – 13
Case 4 (Company E) 4 – 6
Case 5 (Company F) 5 – 16

Summary 36 46
senior tester, test manager, test specialist or line manager (for a
group of testers).

At the validation cross-company workshop, the researchers
ook turns in presenting the results from the study, from the
tudies to identify the key factors (presented in Sections 4 and 5)
o the development of the ExET model (presented in Section 6)
nd the validation of the model (presented in Section 7.1). The
resentations worked as a catalyst, promoting good discussions
mong the workshop participants.
Especially two topics generated longer discussions: The work-

hop participants discussed the fact that the ExET assessments
n the five validation cases had emphasized different problem
reas, without any clear common pattern (as described in Sec-
ion 7.1). Some of the participants expressed that patterns will
robably emerge based on the characteristics of the product,
.g. proximity of hardware. Large-scale was also brought forward
s a root cause for several of the identified problems, e.g. one
articipant commented that ‘‘scale is a problem for many factors,
specially factor 1-4’’). The workshop participants did not succeed
n agreeing on a list of root causes or patterns, but seemed to
gree that ways of working probably are more important than
haracteristics of the product when it comes to identifying such
atterns. The workshop participants also had a longer discussion
here they compared exploratory testing in a development team
nd exploratory testing of the complete product. Different opin-
ons were expressed on the issue of biased testers. Some of the
articipants argued that exploratory testers in the development
eam always get biased, making them find less bugs in the prod-
ct. Other participants at the workshop argued that the most
ffective and efficient testers are the ones who work close to the
evelopment teams.
The ExET model was well received also by the participants

rom Company A, Company B and Company C (who had not been
nvolved in the validation of the model). Participants from two
f the companies asked for ExET assessments to be scheduled in
heir organization, which we argue further strengthens that the
odel is considered to be novel, actionable and useful in practice.

.3. Summary and analysis of the validation

In the validation of the ExET model, the model was used in five

alidation cases to identify what each company should prioritize

11
in order to enable efficient and effective exploratory testing. In
each case the ExET model was used according to the two-step
process described in Section 6.2, including an ExET assessment
and an ExET workshop. The number of participants in the ExET
assessment and the ExET workshop in each validation case is
summarized in Table 5.

In total, the ExET model was used in ExET assessments involv-
ing in total 36 exploratory testers, and ExET workshops involving
in total 46 participants (as described in Section 7.1). The model
was well received in all five validation cases. The participants
at the ExET assessments found that the ExET model in a good
way summarized the strengths and improvement areas in their
organization. The ExET workshops resulted in good discussions
and identified improvement initiatives. The participants at the
ExET workshop described the results from the model as valuable
and useful, expressed in comments such as ‘‘very much informa-
tion for very little effort’’ or ‘‘I look forward to discuss this with
management’’.

The results from the validation cross-company workshop (pre-
sented in Section 7.2) show that the ExET model was well re-
ceived by all six companies in the study, which supports the
generalizability of the model. The only suggested improvements
from the participants in the validation were related to how the
model could be expanded to cover testing in general (not only ex-
ploratory testing). We argue that this supports the completeness
of the model.

In the literature review (presented in Section 3) we found
no publication summarizing key factors that enable efficient and
effective exploratory testing. Instead, published work tend to
focus on one aspect, and are leaving out areas that other authors
consider to be the core issues. Based on this, we find that although
the different characteristics of the ExET model is mirrored in
published literature, we have found no other publication that
presents a model that can help a company to enable efficient and
effective exploratory testing. We argue that this also supports the
novelty of the ExET model.

In summary, we find that the validation of the ExET model has
showed that the model is novel, actionable and useful in practice.
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(
a

. Threats to validity

.1. Threats to construct validity

The fact that only one search engine was used for the litera-
ure review (reported in Section 3) could be seen as a threat to
onstruct validity. However, the literature review was primarily
sed to motivate a continued research study, and not used as
he primary source for the construction of the ExET model. In
ection 7.3, we also use the results from the literature review to
iscuss the novelty of the results from the study. As the decision
o use one search engine is clearly described in Section 3.1, we
onsider this threat to be mitigated.
Other threats to construct validity are related to the two

eries of interviews described in Sections 4 and 5: It is plausible
hat a different set of questions and a different context for the
nterviews can lead to a different focus in the interviewees’ re-
ponses. In order to handle this threats against construct validity,
he interview guides were designed with open-ended questions.
t is conceivable that the interviewees’ perception of the key
actors for effective and efficient exploratory testing is affected
y the current situation in the case study companies (e.g. which
ype of questions or topics that are currently in focus in each
ompany). Therefore, it is plausible that the exact description
f the key factors would have been different if the study had
ncluded other case study companies. However, all factors are
ased on comments and statements from at least 10 of the 20
nterviewees. Due to this, we argue that this threat to construct
alidity can be viewed as acceptable.
In this paper, we also present background material for both the

nterviewees and the case study companies in order to provide
s much information as possible about the context and enable
eproducibility of the study.

.2. Threats to internal validity

Of the 12 threats to internal validity listed by Cook et al.
1979), we consider Selection, Ambiguity about causal direction
nd Compensatory rivalry relevant to this work:

• Selection: All interviewees and workshop participants were
purposively sampled (selected as good informants with ap-
propriate roles in the companies) in line with the guidelines
for qualitative data appropriateness given by Robson and
McCartan (2016). Based on the rationale of these samplings
and supported by Robson and McCartan who consider this
type of sampling superior for this type of study in order
to secure appropriateness, we consider this threat to be
mitigated.

• Ambiguity about causal direction: While we in this study
in some cases discuss relationships, we are very careful
about making statements regarding causation. Statements
that include cause and effect are collected from the inter-
view results, and not introduced in the interpretation of the
data.

• Compensatory rivalry: When performing interviews and
comparing scores or performance, the threat of compen-
satory rivalry must always be considered. The questions in
our interviews described in Sections 4 and 5 were deliber-
ately designed to be value neutral for the participants, and
not judging performance or skills of the interviewee or the
interviewee’s organization. Generally, the questions were
also designed to be opened-ended to avoid any type of bias
and ensure answers that were open and accurate. However,
our experiences from previous work is that we found the
interviewees more prone to self-criticism than to self-praise.
12
8.3. Threats to external validity

The list of key factors presented in Section 4 was confirmed
by series of follow-up interviews and a cross-company workshop
with participants from the same case study companies as the first
series of interviews (as described in Section 5). Due to this, it
is conceivable that the findings from this study are only valid
for these companies, or for companies that operate in the same
industry segments and have similar characteristics (presented
in Section 2). The follow-up interviews and the cross-company
workshop (described in Section 5) showed that the list of key
factors is valid for all four case study companies. Because of the
diverse nature of these four companies, the case study companies
represent a good cross-section of the industry (as described in
Section 2). Based on analytical generalization (Runeson and Höst,
2009; Wieringa and Daneva, 2015) it is reasonable to expect that
the identified key factors that can enable efficient and effective
exploratory testing are also relevant to a large segment of the
software industry at large.

The validation of the ExET model (presented in Section 7)
included interviews with 36 individuals and six workshops with
in total 72 participants from the six companies participating in
the study. The only suggested improvements from the partici-
pants in the validation were related to how the model could be
expanded to also cover other types of testing. This supports the
completeness of the model. The validation of the ExET model is
primarily based on the external validation in the five validation
cases, which were separated from the primary cases in the study.
The validation showed that the model and the list of key factors is
valid for all six companies in the study, which further strengthens
the generalizability of the findings from this study. Obviously, we
see further validation of the ExET model as an interesting area for
future work, especially including companies in different industry
segments.

9. Conclusion and further work

9.1. Conclusion

In this paper, we have presented interview results from two
series of interviews with 20 interviewees from four case study
companies, all developing large-scale software systems. The in-
terviewees had generally good experiences from using
exploratory testing. According to the interviewees, exploratory
testing is a more creative way to work for the testers, and
was therefore considered to make better use of the testers. Ex-
ploratory testing was also described as a good way to test system-
wide and to test large-scale systems, especially exploratory test-
ing with an end-user perspective.

In the analysis of the results from the two series of interviews
(presented in Sections 4 and 5) we identified nine key factors that
enable efficient and effective exploratory testing, grouped in four
themes:

• The testers’ knowledge, experience and personality:

– The testers know how the system is built, and the
correct behavior of the system

– The testers know how the product is used by the
end-user (or the end user is represented in the test
team)

– The testers are curious and want to learn about the
system
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• Purpose and scope:

– A well-defined purpose and scope for the tests (system
functions ready to be tested) which the testers can
transform into e.g. scenarios or focus areas

– Regression testing secure basic stability and integrity
in the system (before exploratory testing)

• Ways of working:

– An established way of working, including e.g. planning
meetings, preparations, test strategies and heuristics (a
balance between structure and freedom)

– Testers with different experiences and competences
work together as a team, helping each other with new
ideas and knowledge about different parts of the sys-
tem

• Recording and reporting:

– Test environments that support debugging and record-
ing

– A well-defined way to report the test results, including
a description of areas covered by the tests and a list of
identified problems

Based on the results from the two series of interviews (in total
0 interviews) and a cross-company workshop with 14 partic-
pants, we developed the ExET model (Excellence in Exploratory
esting). The ExET model (described in Section 6) allows compa-
ies to identify and visualize strengths and improvement areas,
hich can be used to optimize exploratory testing in each indi-
idual case. The model is used in a simple two-step process (the
xET assessment and the ExET workshop) resulting in a list of
mprovement initiatives for the most prioritized problem areas
n the organization.

In the validation of the ExET model, the model was used in
ive validation cases in three case study companies (described
n Section 7). In each case the ExET model was used accord-
ng to the two-step process, including an ExET assessment and
n ExET workshop. In total, the ExET model was used in ExET
ssessments involving in total 36 exploratory testers, and ExET
orkshops involving in total 46 participants. The results from
he five validation cases were presented at a validation cross-
ompany workshop with 26 participants from all six case study
ompanies in the study, which further strengthened the gener-
lizability of the model. The model was well received in all five
alidation cases, and was considered to be actionable and useful
n practice.

The literature review (presented in Section 3) identified 129
ublications related to exploratory testing, with 65 publications
elated to exploratory testing of software systems. No publica-
ions were found that presents a model that can help a com-
any to enable efficient and effective exploratory testing, which
upports the novelty of the ExET model.
In summary, we find that the validation of the ExET model has

howed that the model is novel, actionable and useful in practice,
howing companies what they should prioritize in order to enable
fficient and effective exploratory testing in their organization.
he ExET model is based on interview results from four case
tudy companies and has been validated in five validation cases
n three case study companies. As the six case study companies
ncluded in this study operate in different industry segments, it
s reasonable to expect that the ExET model can be applied to a
arge segment of the software industry.

We believe that the ExET model will be valuable for both
esearchers and practitioners as it provides a systematic ap-
roach, based on the key factors that enable efficient and effective
xploratory testing.
13
9.2. Further work

In addition to the results presented in the analysis and the
conclusions, we believe that this study also opens up several
interesting areas of future work. The validation of the ExET model
in this study showed very promising results (as described in
Section 7). Further validation should encourage more compa-
nies to use the model, including companies in different industry
segments than the case study companies in this study. Further
validation could also include other validation methods, e.g. using
quantitative data.

The ExET model was well received in all five validation cases
(as described in Section 7.1), and the only improvement com-
ments were related to how the model could be expanded to cover
testing in general (not only exploratory testing). A future study
could expand the studies reported in Sections 4–5 to include a
wider scope of test activities. If the study succeeds in isolating
a list of key factors, a model could be constructed similar to the
ExET model — but applicable also to other types of test activities
than exploratory testing.

At the validation cross-company workshop, the workshop par-
ticipants discussed the fact that the ExET assessment had empha-
sized different problem areas, without no clear common pattern
(as described in Section 7.2). Another area of further work could
be to further investigate root causes for the identified problem
areas, defining patterns for how different industry segments or
other types of characteristics are related to different types of
problem areas.

The participants at the validation cross-company workshop
also had a longer discussion where they compared exploratory
testing in a development team and exploratory testing of the
complete product (described in Section 7.2). A future study could
continue to investigate pros and cons with exploratory testing on
different levels, e.g. discussing the role of the independent tester
as a member of a development team.

Another topic for further work is to analyze the relation (de-
scribed in Section 5.2) between exploratory testing and Agile
methodologies: is it so that ‘‘exploratory testing is enabling Agile’’
or is it ‘‘Agile is killing exploratory testing’’?
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ppendix. The interview guides

Appendix presents the questions in the interview guides for
he two series of interviews which are reported in Sections 4 and
of this paper.

• Interview guide 1: Interviews to identify the key factors
(described in Section 2.3)

• Interview guide 2: Interviews to confirm the key factors
(described in Section 2.4)

Interview guide 1: the interview guide for the interviews to
dentify the key factors that enable efficient and effective exploratory
esting of large-scale software systems included the following ques-
ions:

• Q1.1: How many years of industry experience with regards
to software development do you have?

• Q1.2: How would you describe your individual role and
responsibilities?

• Q1.3: How, and for which purpose do you currently use
exploratory testing in your company?

• Q1.4: How do you on a scale from 1 (very low) to 5 (very
high) value exploratory testing as a test technique for large-
scale software systems?

• Q1.5: How would you describe the primary strengths and
weaknesses of exploratory testing?

• Q1.6: What are the key factors that you think enable effi-
cient and effective exploratory testing of large-scale soft-
ware systems?

• Q1.7: Which of the things you have described in your re-
sponse to Q6 are currently implemented in your company?

Interview guide 2: the interview guide for the interviews to
onfirm that the interpretation of the first series of interviews was
orrect, as well as looking for negative cases included the following
uestions:

• Q2.1: Is there anything that you would like to change in the
presented key factors?

• Q2.2: How would you rate the importance of each of the key
factors with regards to ‘‘efficient and effective exploratory
testing’’?

– 5 (very high)
– 4
– 3
– 2
– 1 (very low)
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