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Chapter 9

Test Activities in the Continuous Integration and
Delivery Pipeline

This chapter is currently in press: Mårtensson, T., Ståhl, D. and Bosch, J. (2018).  Test
Activities in the Continuous Integration and Delivery Pipeline. Accepted for publication by
Journal of Software: Evolution and Process.

Abstract: Based on 25 interviews with participants from four case study companies that develop
large-scale software embedded systems, this paper presents the Test Activity Stakeholders (TAS)
model. The TAS model shows how the continuous integration and delivery pipeline can be
designed to include test activities that support four stakeholder interests: “Check changes”,
“Secure stability”, “Measure progress” and “Verify compliance”. The model is developed to
show how each of the stakeholder interests are best supported by unit/component tests or system
tests, by automated testing or manual testing and by tests executed in simulated environments or
on real hardware.  The TAS model may serve as a starting point for companies when evaluating
and designing their continuous integration and delivery pipeline. The validation of the TAS
model included twelve individuals from three case study companies. The validation showed that
the TAS model is actionable and useful in practice, enabling the identification of stakeholders
and showing where improvement efforts should be focused in order to support all stakeholder
interests in the continuous integration and delivery pipeline.

9.1 Introduction

Many companies have now embraced continuous integration and continuous delivery,
both within a smaller context but also for development of large-scale software systems.
As continuous practices have become more popular, some confusion has also emerged
in relation to terminology. In our previous work (Ståhl et al. 2017a) we have proposed
viable definitions based on what we found to be the mainstream interpretation:
Continuous integration is a developer practice where developers integrate their work
frequently, usually each person integrates at least daily, leading to multiple integrations
per day. Continuous delivery is a development practice where every change is treated
as a potential release candidate to be frequently and rapidly evaluated through one’s
continuous delivery pipeline.

The fact that continuous integration is non-trivial to scale has been recognized in
literature (Roberts 2004, Owen Rogers 2004) for some time (referring to size of the
software system as well as the size of the organization). In a large-scale implementation
of continuous integration and continuous delivery, test activities are assembled into a
pipeline which splits the test process into multiple stages. This pipeline has been
referred to with different terminology, e.g. as “integration pipeline” or “deployment
pipeline” (Humble and Farley 2010), “continuous integration pipeline” (Zampetti et al.
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2017), “continuous delivery pipeline” (Gmeiner et al. 2015, Wettinger et al. 2017) or
“continuous integration and delivery pipeline” (Vassallo et al. 2016).

In our previous work (Mårtensson et al. 2017a), we have identified twelve factors
which the developers themselves see as the continuous integration impediments in
industry projects – the main factors that (if removed) would enable more frequent
integration of software. We found that several of those factors were related to test
activities, which can carry many different meanings and serve multiple purposes. In
response to this, we solicited input from the participants of a joint industry and
academia workshop on contemporary testing practices and challenges, which included
ten of the companies we as researches have previously studied. The workshop
participants phrased three pressing research questions related to test effectiveness and
test efficiency, one of them being how various stakeholders can best be served by
different types of test activities in the continuous integration and delivery pipeline.

Based on this, the topic of this paper is to answer the following research question:
How can the continuous integration and delivery pipeline be designed in order to
support all existing stakeholder interests?

In this study we focus on large-scale implementations of continuous integration and
continuous delivery, where the product is a large-scale software-intensive embedded
system (software systems combined with electronic and mechanical systems). In
previous work we have found multiple problems related to both scale (Ståhl et al.
2017b) and proximity to hardware (Mårtensson et al. 2016). As we wish to find
solutions viable also in some of the more difficult cases, we focus on these industry
segments in this study (see Section 9.8.3 for further discussion of generalizability).

The contribution of this paper is two-fold. First, based on experiences from the field
it presents a new model that shows practitioners how their continuous integration and
delivery pipeline can be designed to include test activities that support all of the
different stakeholder interests in the organization. Second, it provides interview results
describing how four case study companies utilize different types of test activities for
different purposes (valuable for both researchers and practitioners).

The remainder of this paper is organized as follows. In the next section we present
the research method, including a description of the case study companies. This is
followed by a study of related literature in Section 9.3. In Section 9.4, we present the
results from interviews where stakeholders for test activities were identified. This is
followed in Section 9.5 with the results from a larger group of interviews where the
most valuable test activities were identified for each stakeholder. In Section 9.6 we
analyze the interview results, and present the Test Activity Stakeholders model. Section
9.7 presents the validation of the Test Activity Stakeholders model. Threats to validity
are discussed in Section 9.8. The paper is then concluded in Section 9.9.

9.2 Research Method

9.2.1 Overview of the Research Method

The research study reported in this paper consists of five major parts:
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· Systematic literature review: A systematic literature review to investigate whether
solutions to the research question have been previously presented in literature
(presented in Section 9.3).

· Interviews to identify stakeholders for test activities: A series of interviews to
identify stakeholders for different types of test activities in the continuous integration
and delivery pipeline. Five stakeholder interests were identified (presented in
Section 9.4).

· Interviews to identify test activities for the stakeholder interests: A second series of
interviews to identify which types of test activities that best support the stake-holder
interests (presented in Section 9.5).

· Development of the TAS model: Analysis of results from the two series of inter-views
and development of the Test Activity Stakeholders (TAS) model (presented in
Section 9.6).

· Validation of the TAS model: Validation of the TAS model in a third series of
interviews, and comparison with the literature review (presented in Section 9.7).

The study includes seven case study companies, which we will refer to as Company
A, Company B, Company C, Company D, Company E, Company F and Company G.
The case study companies are all multi-national organizations, each with more than
2,000 employees. All companies develop large-scale and complex software systems for
products, which also include a significant amount of mechanical and electronic
systems. This study focuses on testing of functions fully or partly implemented in
software. The case study companies were selected from the group of companies which
participated in the industry and academia workshop described in Section 9.1. They were
considered to be suitable for the study, as they had similar characteristics, but at the
same time were operating in different industry segments.

Four companies were involved in the primary study, which led to the development
of the TAS model. The four companies operate in the following industry segments:

· Company A: Development, manufacturing and maintenance of pumps
· Company B: Video surveillance cameras and systems
· Company C: Aeronautical systems
· Company D: Transport solutions for commercial use

Three other companies were involved in the validation of the TAS model. These
three companies operate in the following industry segments:

· Company E: Cars and services for cars
· Company F: Surveillance systems
· Company G: (prefers to not disclose its business domain)

An overview of the research method, and how the case study companies were
included in the different parts of the study is shown in Figure 33: First, a series of inter-
views were conducted to identify stakeholders for test activities. The results from the
first series of interviews provided input to a second series of interviews to identify the
most valuable test activities for each stakeholder interest.  The development of the TAS
model was based primarily on the results from the two interview series. The model was
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validated with a third series of interviews, and comparison with the sys-tematic
literature review.

Figure 33: Overview of the research method.

9.2.2 Systematic Literature Review

To investigate whether solutions related to the research question have been presented
in published literature, a systematic literature review was conducted, following the
guidelines established by Kitchenham (2004). A review protocol was created,
containing the question driving the review (“How are the values, benefits, advantages,
effectiveness or efficiency of different types of test activities in the continuous
integration and delivery pipeline described in literature?”) and the inclusion and
exclusion criteria (see Table 19 in Section 9.3.1). The stages of the review (according
to the guidelines from Kitchenham) were:

· Identification of research: Iterative analysis of title, abstract and keywords of
publications from trial searches using various combinations of search terms.

· Selection of primary studies: Exclusion of duplicates and conference proceedings
summaries.

· Study quality assessment: The relevance of the selected research 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.

All research papers were reviewed by the same researcher, in order to achieve
consistency during the review. The analysis and the results from the systematic
literature review were reviewed by two other researchers in a two-step process in order
to secure quality and correctness.

The results from the systematic literature review was a better understanding of
previously published literature related to the research question, which later in the study
was used as input to the validation of the TAS model.
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9.2.3 Interviews to Identify Stakeholders for Test Activities

The first series of interviews included seven individuals, all of them selected as good
informants (identified in cooperation between the researchers and each of the case study
companies). Two interviewees participated from Company A, one from Company B,
three from Company C and one from Company D. The interviewees had roles such as
test architect, test manager or process owner for the company’s test process.

All interviews were conducted as semi-structured interviews with pre-defined
specific questions (interview guide 1 in Chapter 9 Appendix A) and lasted for one hour
each. The interviews were held face-to-face or over Skype video, using an interview
guide. The interviewer was summarizing and transcribing the interviewee’s responses
during the interview, and each response was read back to the interviewee to ensure
accuracy. Background material and the interview questions were sent to all
interviewees at least one day in advance to give the interviewees time to reflect before
the interview.

The interview results were summarized in a description of the test activities and the
flow between these test activities in each of the case study companies. Stakeholders for
the test activities in each company were derived from the material. Finally, the analysis
of the interview results was presented at a one-day workshop with all four case study
companies.

The results from the analysis of the first series of interviews were a set of identified
stakeholders for different types of test activities, described as five stakeholder interests.

9.2.4 Interviews to Identify Test Activities for the Stakeholder Interests

In the second series of interviews, twenty-five individual interviews were held with
participants from four case study companies (as described in Section 9.2.1). Five
interviewees participated from Company A, six from Company B, eight from Company
C and six from Company D. The interviews lasted from half an hour up to (in most
cases) one hour. They were conducted as semi-structured interviews, held face-to-face
or over Skype video, using an interview guide with pre-defined specific questions
(interview guide 2 in Chapter 9 Appendix A). The interviewer was summarizing and
transcribing the interviewee’s responses during the interview, and each response was
read back to the interviewee to ensure accuracy. The interview questions were sent to
the interviewee at least one day in advance.

The main question in the interview guide (Q2.4) asked the interviewees to describe
which types of test activities they believed best support each of the identified
stakeholder interests. The responses for Q2.4 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) pp. 467-481, outlined in the following
bullets:

· Familiarizing with the data: Reading and re-reading the transcripts, noting down
initial ideas.

· Generating initial codes: Extracts from the transcripts are marked and coded in a
systematic fashion across the entire data set.
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· Identifying themes: Collating codes into potential themes, gathering all data relevant
to each potential theme. Checking 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 (clustering and counting statements and comments,
attempting to discover the factors underlying the process under investigation,
exploring for contrasts and comparisons). Revising the thematic map if necessary.
Assessing the quality of the analysis.

Two researchers participated in the analysis of the data, and a third researcher re-
viewed the result of the analysis in order to secure quality and correctness. The process
was conducted iteratively to increase the quality of the analysis, reaching consensus
through discussions and visualization in diagrams, tables and text. Comments and
statements from the interviewees were as a first step sorted into thirteen categories,
which during the process were reorganized into new structures. For example,
statements regarding unit tests and statements regarding component tests were
originally handled separately, but were then merged into the same category. Comments
regarding need for fast feedback were in the same way at first treated as a separate
category, but were later in the process merged into other categories. The remaining
themes were then described, with representative quotes selected from the transcripts
included in the descriptions. Special attention was paid to outliers (interviewee
comments that do not fit into the overall pattern) according to the guidelines from
Robson and McCartan (2016) in order to strengthen the explanations and isolate the
mechanisms involved.

The results from the analysis of the second series of interviews was a better
understanding of how different types of test activities best support the stakeholder
interests, which provided input to the development of the TAS model.

9.2.5 Development of the TAS Model

The Test Activity Stakeholders model was developed primarily based on analysis of
the results from the two interview series (which included Company A, Company B,
Company C and Company D).

Three main phases in the continuous integration and delivery pipeline were
identified together with three main factors which can be used to design test activities
for each of the stakeholders in the three phases. The analysis process was conducted
iteratively to increase the quality of the analysis.

Finally, the analysis of the interview results and the Test Activity Stakeholders
model were presented to each of the case study companies at separate meetings. A
summary of the analysis and a description of the model were also sent to the case study
companies before the meetings.

The result from this part of the research study was a model (the TAS model) which
shows how the continuous integration and delivery pipeline can be designed, in order
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to support each of the five stakeholder interests which were identified in the previous
steps of the study.

9.2.6 Validation of the TAS Model

The TAS model was validated using the following methods to achieve method and data
triangulation (Runesson and Höst 2009):

· Validation interviews: A series of interviews with twelve individuals from Company
E (four interviewees), Company F (five interviewees) and Company G (three
interviewees). The interviewees used the TAS model to evaluate the continuous
integration and delivery pipeline in their own organizations.

· Systematic literature review: Comparison of the results from the analysis of the
interview results and related work found in literature.

The validation interviews were conducted as semi-structured interviews with pre-
defined specific questions (interview guide 3 in Chapter 9 Appendix A). The validation
interviews were held about three months after the development of the TAS model, and
within a time frame of two weeks. The interviews were held over the phone or over
Skype video, using an interview guide. They lasted from half an hour up to one hour.
The interviewer was summarizing and transcribing the interviewee’s responses during
the interview, and each response was read back to the interviewee to ensure accuracy.
A description of the TAS model and the interview questions were sent to all
interviewees at least one day in advance to give the interviewees time to reflect before
the interview.

The results from the validation of the TAS model was an evaluation of how the
model delivers value to the industry, and identified suggestions for how the model can
be improved.

9.3 Reviewing Literature

A natural first step to answer the research question stated in Section 9.1 was to conduct
a literature review, in order to look for solutions related to the research question in
related work.

9.3.1 Overview of the Literature Review

To investigate how the value of different types of test activities is described in literature,
a systematic literature review (Kitchenham 2004) was conducted. The question driving
the review was: “How are the values, benefits, advantages, effectiveness or efficiency
of different types of test activities in the continuous integration and delivery pipeline
described in literature?”

The inclusion criterion and the exclusion criteria for the review are shown in Table
19. To identify published literature, a Scopus search was conducted. The decision to
use only one indexing service was based on that we in previous work (Ståhl and Bosch
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2014b, Ståhl and Bosch 2016a, Ståhl et al. 2016b) have found Scopus to cover a large
majority of published literature in the field, with other search engines only providing
very small result sets not already covered by Scopus.

Inclusion criterion Yield

Search on Scopus on Oct 26 2017 for TITLE-ABS-KEY (( "contin-
uous integration" OR "continuous delivery" ) AND
software AND ( test* ) AND ( effect* OR effic* OR
value OR benefit OR advantage OR compar* ))

163

Exclusion criterion Remaining
Excluding duplicates and conference proceedings summaries 148
Excluding publications which not address the effectiveness, efficiency,
value etc. of one or several test techniques or test activities

49

Excluding publications with no available full-text 43

Table 19: Inclusion and exclusion criteria for the literature review.

The selected keywords for the Scopus search were identified through an iterative
analysis of title, abstract and keywords of all publications from a number of trial
searches. During the trial searches, we observed that research papers which in some
way discuss how test activities best support one or several stakeholders generally do
not include words such as “stakeholder”, “role” et cetera. Instead, they tend to discuss
value, efficiency, effectiveness et cetera of one or several test activities. This is why
this type of phrases were selected as keywords for the search string for the literature
review in the study.

After removing duplicates and conference proceedings summaries, the abstract of
all the remaining 148 publications were reviewed manually. Publications which do not
address the values, benefits, advantages, effectiveness or efficiency of one or several
test techniques or test activities were excluded (removing e.g. publications discussing
the efficiency of agile methods in general). As a final stage, publications for which we
could not find any available full-text were excluded from the literature review.

Characteristics and content of the remaining research papers were then documented
in a consistent manner in a data extraction protocol: for each paper a summary of how
the paper was related to the research question, and representative keywords and quotes
(sorted into categories which emerged during the process). The process was conducted
iteratively to increase the quality of the analysis. Finally, the results from the review
were collated and summarized. As the literature review is not the primary focus of this
study, we have not included any analysis of e.g. distribution of publication year,
publication venue, type of research paper et cetera for the publications in the literature
review. Instead, we refer to other publications, such as Rodríguez et al. (2016) for these
matters.
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9.3.2 Results from the Literature Review

The remaining 43 publications often describe development in a smaller context, but
also development of large-scale software systems with different ways of integrating the
product. Vassallo et al. (2016) report experiences from a large financial organization,
which develops and tests software in feature branches, and then test the complete
product in the main track’s continuous delivery pipeline. Vost (2015) presents the way
of working in the automotive industry, i.e. integration of pre-compiled binaries in ECUs
into a complete vehicle. Laukkanen et al. (2017) describe how a large-scale telecom
system is developed and tested on feature branches, which are delivered to a common
main track for a subsystem (which in turn is integrated and tested with other
subsystems).

Testing before deployment to production is also described in different ways. Some
organizations seem to have a way of working which is close to continuous deployment
(Marijan et al. 2017, Vassallo et al. 2016). Other papers describe how the software must
be tested and stabilized on a release branch before a release (Laukkanen et al. 2017,
Marijan et al. 2013, Penmetsa 2016).

Eight papers report experiences from products based on bespoke hardware (e.g.
industrial robot systems). Seven of those papers also describe experiences from
simulators. Engblom (2015) and Mossige et al. (2015) both point at the need for testing
both in simulators and on real hardware. To quote Mossige: “testing against
performance requirements is impossible in a simulated environment, due to the lack of
real-time behavior in the simulator”. Engblom states in a similar way that “you have to
test the system on the hardware […] – that is the last thing that happens before release”.

Different levels of testing are described. Thirty of the reviewed publications do in
some way discuss unit testing, component testing or module testing. End-to-end testing,
system testing, functional testing or similar types of testing are described by 32 of the
publications. Many papers focus on one type of tests, e.g. proposing a new technique
to prioritize unit tests. Due to that, most of the papers do not compare different types of
test activities or give any guidance on when e.g. tests on system level is better than unit
tests. Three exceptions were found: Liu (2014) states that “In the aspect of testing
application program function, unit test is an effective and systematic method”. Rathod
and Surve (2015) present a different approach: “It is only through efficient system
testing that the quality and safety of a software product can be guaranteed”. Marijan
(2015) has a similar standpoint and states that “tests that cover wider system
functionality should be prioritized for higher efficiency of testing, since this leads to
better overall test coverage”.

Thirty-five of the publications discuss or mention automated testing, and ten manual
testing. The primary benefit from automated testing is described as giving rapid
feedback to the developers. Labuschagne et al. (2017) also investigate the costs and
benefits of automated regression testing, e.g. state that “The prevalence of flaky tests
and the developer discussions around them stand out as major costs in automated
testing.” Three publications discuss or mention exploratory testing, one of them clearly
dissuading from using the test method (Rathod and Surve 2015). Four papers are
focused on test driven development (TDD).
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We found three papers which present a test approach where different types of test
activities are combined. Laghari et al. (2016) describe a variant of spectrum based fault
localization, and apply this to unit tests and integration tests. Mihindukulasooriya et al.
(2016) propose an approach with two main steps: exploratory testing and “fine-grained
analysis” (based on unit tests). Rathod and Surve (2015) present a framework for
automated testing (“Test Orchestration”) which includes test activities on different
levels. Vassallo et al. (2016) summarize “practices adopted within the continuous
delivery pipeline”, but do not discuss strengths or weaknesses of particular test
techniques or test activities.

We found that 36 of the 43 publications do in some way describe or mention one or
several stakeholders for test activities, but often just mentioning it in passing and not
reflecting on how which types of test activities that best support different types of
stakeholders. “Developer” is in some way mentioned in as a stakeholder in 32 of the
papers. Other stakeholders are also mentioned by one or a few papers: tester, test
manager, test team, QA, release team, project manager, manager and customer.
However, we only found one paper that in some way discusses the perspectives of
multiple stakeholders: Marijan (2015) introduces a multi-perspective approach for
regression test case prioritization based on “business perspective, performance
perspective, and technical perspective”, in order to prioritize test cases for different
stakeholders (but does not compare different types of test activities).

In summary, we did not find any publications that compare different types of test
activities in order to support different types of stakeholders in the continuous
integration and delivery pipeline.

9.4 Identifying Stakeholders for Test Activities

As a complement to the literature study in Section 9.3, we conducted a series of
interviews in our four case study companies in order to identity the stakeholders for
different types of test activities in the continuous integration and delivery pipeline.

9.4.1 Interviews to Identify Stakeholders

Seven individuals participated in the interviews, all selected as good informants. All
interviewees had senior roles in the case study companies. The interviewees described
their roles and responsibilities as technical manager, test architect, test manager, test
specialist or process owner for the company’s test process.

The interviewees were asked to briefly describe the product that their organization
was developing. Then the interviewees were asked to describe the different types of test
activities in their organization, and the flow between these test activities. Finally, the
interviewees were asked to describe the main stakeholder groups for the test activities
(who is interested in and takes action on the results from each of the test activities). The
results from the interviews are summarized in Section 9.4.2-9.4.5, using the different
names for roles and organizational units as described by each case study company.
Section 9.4.6-9.4.7 present the analysis of the interview results, and how the results
were presented at a workshop with the case study companies.
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9.4.2 Stakeholders for the Test Activities in Company A

Company A develops and manufactures pumps. The R&D departments release new
versions of their subsystems (called “system elements”) at different frequencies,
spanning from every six weeks to two times a year.  Unit tests are used to describe the
functionality that should be developed (i.e. a test first approach). Unit tests, component
tests and component integration tests are run by the developers before committing code,
and as regression testing on the main track. The results from the tests are also followed
by the software delivery manager and by the quality assurance department (who
evaluate the releases). Line managers follow up project progress and quality after every
sprint.

System element tests are executed on real hardware and covers both functional and
non-functional requirements. The tests give the developers feedback on that their
software changes are working on the system element level. A test responsible at each
department checks the tests every day on behalf of the line manager responsible for the
system element. Test specialists are aligning tests between the R&D departments and
secure reliability in the test environments. A product integrator and product project
manager uses the tests to verify requirements agreed between product development and
R&D.

Product tests are used by the product integrator, the product project manager and the
product manager to verify that the releases from the R&D department have been
delivered according to specification and to validate the functions in the complete
product. The product specialist conducts user acceptance testing of the product
according to the internal specification. The engineering service team checks that the
product is maintainable.

The following stakeholders for the test activities in the continuous integration and
delivery pipeline were identified at Company A:

· Developers want to check quality and correctness in their software changes
· Project managers and line managers are interested in project progress (is the project

on time)
· Product project managers and product specialists want to verify compliance with

specifications and overall scenarios
· Test specialists want to secure product stability and reliability of test environments

9.4.3 Stakeholders for the Test Activities in Company B

Company B develops video surveillance cameras and systems. Function teams develop
new functions, which they deliver incrementally to the software main track. The
function teams run tests on system level before software changes are delivered to the
main track. Test cases are produced by both the function teams and a Quality Assurance
(QA) department. All tests are also run repeatedly by the QA department on the main
track to check the stability of the tests. Unit tests are seen as a “developer tool”, and are
not specifically run before delivery to the main track or on the main track. They are run
during development and before delivery to another function team.
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Product projects develop new cameras, which are the hardware platforms that the
software from the function teams run on. The product projects may also develop new
functions and deliver those to a function team. The developers in the product projects
mainly use the test cases produced by the function teams and the QA department. Test
progress and status are followed by the project managers from the product projects. If
needed, a product owner makes decisions on the characteristics of the products so that
the products comply with the company’s product strategy.

The release program releases and deploys new software for the cameras (about 100
variants) four times a year. Before a release, manual test suites are executed that focus
on end-to-end behaviour, stability and performance. The release program also runs the
QA department’s automated tests every day. Test progress and status are followed by
the program manager for the release program. The bug reports are sent to the function
teams. The responsibility to optimize test activities is distributed to many roles within
the organization.

The following stakeholders for the test activities in the continuous integration and
delivery pipeline were identified at Company B:

· Function teams want to see that their software changes are ok to integrate in the main
track and that changes or new functions made by other teams in their area are ok
before accepting them

· QA department wants to secure stability and quality on the main track
· Project managers for the product project and program managers for the release

program want to know if they are ready for release
· The product owner wants to secure that the products comply to the product strategy

9.4.4 Stakeholders for the Test Activities in Company C

Company C develops aeronautical systems. The development teams design and
implement new functions and systems in software branches, and deliver incrementally
to the main track. The development teams test on unit, component and system level
before they deliver to the main track. Integration tests are specified by architects and
test managers. Integration tests are run both before delivery, and on the main track
where larger test suites with different purposes are executed at various intervals. Project
managers follow some of these test activities in order to monitor project progress.

Technical managers for components and subsystems require large test suites to be
executed to verify requirements on unit, component and system level before a release
of the system. Test progress and status for these tests are carefully followed by project
managers and line managers. The product is also validated against high-level scenarios
through test activities which involve customer representatives. Test results are also used
to show compliance towards the customer requirements and contract fulfilment.

Test managers follow the performance and availability for the test environments and
simulators, in order to optimize the test activities and make decisions on which types
of test facilities that should be expanded or reduced.

The following stakeholders for the test activities in the continuous integration and
delivery pipeline were identified at Company C:
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· Development teams want to see that the software changes they delivered are working
· Architects and test managers want to secure quality and stability on the main track
· Project managers and line managers want to know the project status
· Technical managers and project management want to collect evidence to verify

requirements on different levels and show contract fulfilment
· Test managers are interested in the performance and availability for the test

environments

9.4.5 Stakeholders for the Test Activities in Company D

Company D is a manufacturer and supplier of transport solutions for commercial use.
A complete project that develops a new vehicle spans over two to three years, but
integration of the complete system is done during the final months when all components
are finalized. The company runs around 200 parallel projects that develop new features
for the vehicles (each project run by a chief project manager). Focus in the project is
generally on testing of the complete product.

The developers design and implement software components, which are tested
continuously during development. During the project’s concluding integration phase,
components are integrated to electronic control units (ECUs) and are tested by
integrators. The line manager responsible for the ECU follows the progress and status
of the testing. The ECUs are integrated to a vehicle, which is tested on system level in
simulators and rigs by the Integration and Verification (I&V) organization. Generally,
new software functions that do not work correctly is removed by the integrators. The
I&V organization also perform safety tests which can hold the release if the tests do not
pass.

The I&V organizations tests are followed by the line managers responsible for the
ECUs, and (when approaching release) also by the company’s CEO and executive
management. Finally, the chief project manager requests suites of driving tests (with
the company’s test drivers) which focus on ensuring compliance to specification for the
new features, and that the vehicle is ready for release.

The following stakeholders for the test activities in the continuous integration and
delivery pipeline were identified at Company D:

· Developers want to see that changes made in the components are working
· Line managers wants to secure that the ECUs and the complete vehicle is ready for

release
· The I&V department want to secure stability and quality of the complete product

during the project’s integration phase
· The chief project manager wants to know that the features the project developed are

working (compliance with specification for the new features)

9.4.6 Comparing the Case Study Companies

Company A, B and C integrate new functions and test the complete product on regular
basis, whereas Company D develops the components separately and then integrate the
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complete product in a concluding project phase. Another observation is that in three of
the companies (Company A, Company B and Company D) unit and component tests
tend to be a seen only as the developers’ concern, but in Company C technical managers
also use these types of tests to verify compliance to requirements. All case study
companies want to show compliance to some kind of specification (internal or external)
but they work in very different ways. Company C run tests to show compliance to
requirements on many different levels. Company A and D both run tests to verify an
internal specification on product level, but Company D limits these tests to the project’s
new features. Company B takes a different approach and has no detailed specification,
but still wants the products to comply with the company’s product strategy.

The analysis also shows that the case study companies have a lot in common.
Interviewees from all case study companies describe a flow between different types of
test activities that starts with unit tests and ends with end-to-end testing of the complete
product. All interviewees also describe a way of working where the developers work
continuously towards branches or subsystems, which then (less frequently) are
integrated and tested on a software main track for the complete product. Interviewees
from all companies also describe that when the organization is getting close to a release
(internal or external) the focus of the testing changes, and other types of stakeholders
show interest in the test results.

Most significant are the similarities in stakeholders for the test activities. A number
of stakeholder groups can be derived from the interviews results: Developers (or teams
of developers) in all companies want to run tests to see that the software changes they
have delivered are working. Different roles or organizations in all case study companies
want to secure stability and integrity on the main track (although Company D is a bit
different as they integrate the complete product in a concluding project phase). Project
managers in all companies use reports from test activities as a way to measure project
progress. A range of roles (spanning from product owner to project managers) wants to
use test results to verify compliance with requirements, specifications or user scenarios.
Finally, in Company A and C specific roles are described that work to optimize test
activities and performance in the test facilities. In Company B, responsibility to
optimize test activities are distributed to many roles. This type of role or responsibility
were not found in Company D.

Table 20 presents a summary of the stakeholder interests, and how they are
represented by different roles in the case study companies. Table 20 shows that
stakeholder interests SI1 and SI3 are represented in the case study companies by roles
with the exact same (or at least similar) names – which might be seen as an obvious
finding. SI2, SI4 and SI5 are more interesting, as we find that the same stakeholder
interests exist in the case study companies, but are represented by very different roles
or organizational units.
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Label Stakeholder interest Roles in the case study companies
SI1 Check quality and

correctness of soft-
ware changes

Company A: Developers
Company B: Function teams
Company C: Development teams
Company D: Developers

SI2 Secure stability and
integrity in the system
during development

Company A: Test specialists
Company B: QA department
Company C: Architects, test managers
Company D: I&V department

SI3 Measure project pro-
gress

Company A: Project managers, line managers
Company B: Project managers, program managers
Company C: Project managers, line managers
Company D: Project managers, line managers

SI4 Verify compliance
with requirements or
user scenarios

Company A: Project managers, specialists
Company B: Product owner
Company C: Technical manager, project manager
Company D: Project manager

SI5 Optimize test activi-
ties and performance
in the test facilities

Company A: Test specialist
Company B: Distributed responsibility
Company C: Test manager, line manager
Company D: -

Table 20: A summary of the stakeholder interests.

9.4.7 Confirming the Stakeholder Interests

The analysis of the interview results was presented at a one-day workshop with all four
case study companies. The summary of the interviews at each of the case study
companies (Section 9.4.2-9.4.5) was also sent to the case study companies before the
workshop, in order to give the interviewees the opportunity to review the descriptions.
The company representatives had only minor comments: Company C wanted to slightly
modify the description of the role of the I&V department, and one workshop participant
wanted to add that this study focused on testing of functions fully or partly implemented
in software. All participants at the workshop believed that the five stakeholder interests
(in Table 20) in a good way represented the situation at their own company.

The purpose of the workshop was to present the results from the first part of the
study, but also to plan the setup for the next step, which is presented in Section 9.5.
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9.5 Identifying Test Activities for Each Stakeholder

In order to identify which types of test activities that best support the stakeholder
interests we identified in Section 9.4, we conducted a second series of interviews which
is reported in Sections 9.5.1-9.5.6.

9.5.1 Interviews to  Identify Test Activities for Each Stakeholder

Twenty-five individuals participated in the interviews, with an average of 14.6 years of
experience of industry software development (spanning from 5 to 25 years). The 25
interviewees did not represent every single role or part of the organization that were
described in the first series of interviews (presented in Section 9.4.2-9.4.5), but they did
in a good way represent all the stakeholder interests that were identified in the first part
of the study (presented in Section 9.4.6). Figure 34 presents the distribution of the
interviewees regarding years of experience and the interviewee’s primary stakeholder
interest.

Figure 34: Distribution of the 25 interviewees with regards to years of
experience (left) and the interviewee’s primary stakeholder interest (right).

    All interviewees were asked to describe their individual role and responsibilities,
and to rate to which extent they worked with tasks that involved each of the stakeholder
interests (SI1-SI5). The rating was done on a Likert scale from 1 (“not at all”) to 5
(“very much”). The ratings did generally very well correspond to the descriptions of
roles and ways of working that was collected in the interviews presented in Section 9.4.
Several interviewees also described that they supported people with other roles, e.g. “I
am working close to the project manager and support him with some of his tasks”.

The interviewees were also asked to describe which types of test activities they
believed that best support each of the stakeholder interests (SI1-SI5). The responses
included a large amount of statements and comments. Extracts from the interview
responses were coded and collated into themes. A thematic network was constructed,
resulting in a thematic map based on the five stakeholder interests. Detailed interview
results and detailed information about the coding procedure are not included in this
research paper due to non-disclosure agreements with the case study companies.
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The interviewees responses on test activities supporting the stakeholder interests
(SI1-SI5) are summarized in Section 9.5.2-9.5.6. Section 9.6 describes the analysis of
the interviews results and presents the main findings.

9.5.2 Check Quality and Correctness of Your Software Changes (SI1)

Seventeen of the 25 interviewees proposed an approach where software changes are
first tested with unit or component tests, followed by system tests. Four developers also
included peer review as an important step, and one interviewee even stated that “code
review is better than unit tests”. Seven of the interviewees claimed that system tests
alone best supports this stakeholder interests. However, especially as all six
interviewees who worked as developers supported the approach with unit/component
tests followed by system tests, we consider this to be the dominant viewpoint. To quote
one of the interviewees: “You should stabilize the function bottom up – not top down”.
One participant also meant that unit or component tests are more cost-effective than
system tests: “If we could move tests from system level to unit/component level we
could save a lot of money. Unit and component tests run much faster and are easier to
debug.”

A few interviewees brought up the use of simulated environments, explaining that
testing should start in a simulated environment and then (if everything is ok) transfer to
real hardware. One of the developers even stated that “to start testing in the rig and not
in [the software in the loop simulator] is a disaster”, meaning that this was to waste
time in a scarce and valuable test resource. Other individual, however, described the
importance of running tests early on real hardware.

Eight of the interviewees also discussed whether the tests that support SI1 should be
automated or manual tests, and presented mixed opinions. Many participants brought
forward automated tests (e.g. “automated tests on all levels”) but other interviewees
talked about manual testing of new functions (especially exploratory testing). Instead
of rewriting the automated tests (on a daily basis) the interviewees proposed to test the
system manually.

9.5.3 Secure Stability and Integrity in the System During Development (SI2)

As many as 22 of the 25 interviewees proposed system tests as the tests that best support
stability and integrity in the system during development. Two interviewees proposed
unit/component tests followed by system tests. The dominant viewpoint seemed to be
to use a set of system tests that test functional chains and vital functions. Examples of
such vital functions could be to start up the system, drive around (if the product is a
vehicle), to stream video (if the product is a camera) or other basic functions. A few
interviewees described a setup where only a small test suite with the most important
test cases must pass before a commit is integrated to the main track, and then a flow of
many more test activities running on the main track to gradually secure stability and
integrity.

One of the participants proposed a somewhat different approach and described that
a prerequisite for system testing of the complete product should be system testing of
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the subsystems: “If everyone tested frequently on the subsystem level the way we do,
there would be much less problems on the product level”.

The interviewees emphasized the importance of frequent tests to secure stability and
integrity, in order to be able to find and correct problems fast. The only proposed
solution that enables frequent testing was to automate this type of tests. To quote one
of the participants: “As long as it is automated, it is good.” However, some interviewees
also brought forward manual test activities. Manual testing was considered to be
relevant especially to test HMI (human-machine interface) and usability aspects, which
were described as difficult to automate.

There were mixed opinions on whether this type of testing should be executed in
simulated environments or real hardware. Some interviewees clearly described that this
type of testing should be done in simulators, e.g. “We have confidence in [the software
in the loop simulator]. That is where we should test this.” Others strongly asked for
tests on real hardware, e.g. “Rig tests! Before that you can’t tell whether it works or
not.”

9.5.4 Measure Project Progress (SI3)

Many of the participants first stated (in different ways) that it is very difficult to measure
project progress with tests. To quote one of the interviewees: “It could be that all tests
run ok, but still there is a lot of work left. Test results is one of many things that you
should look at.” A common standpoint was that you should not look at the number of
test cases or the number of test cases passed. As one interviewee said: “You shouldn’t
be hypnotized by that you have 3,000 automated test cases which all pass – instead you
should focus on the number of bugs found in the product.”

In addition to explaining the difficulties, the participants also suggested viable
approaches. Several participants suggested the approach to measure the number of open
issues (problem reports) and their significance. This approach does not focus on the
status of the system viewed from one particular test activity, but instead summarizes
problem reports that could originate from any type of test activity in the pipeline.

Many interviewees also suggested the approach to measure the number of passed
test cases, but to measure test cases in relation to system requirements or use cases that
they fulfil. However, to measure progress in this way seemed to be relevant only in a
late phase of the development when the requirements and the system design have been
stabilized. Most of the interviewees focused on tests corresponding to system
requirements or use cases, but one participant argued in a different way: “To measure
system tests is easier, but that can be misleading. Component tests shows your progress
in a better way.”

9.5.5 Verify Compliance with Requirements or User Scenarios (SI4)

All participants quite simply seemed to agree on that a requirement (or user scenario)
on system level is verified with a system test, and a requirement on component level
with a component test. That is, no one presented opinions such as that a system
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requirement is best verified through testing of the components that contain the system
function.

Testing on real hardware was brought forward as a necessary precondition for this
type of testing, even if the organization had developed advanced simulated test
environments. To quote one interviewee: “Data latency must be tested on real hardware,
even if we have good simulators”. The request for real hardware was however not
limited to real-time aspects, but seemed to be seen as a general prerequisite. One
interviewee even asked for “system tests in the customers’ environments”.

Participants from the different case study companies had slightly different
viewpoints of what the test cases should verify (which is also reflected in the analysis
in Section 9.4.6). Company A and Company D conduct testing to show compliance to
system requirements, whereas Company C show compliance to requirements on unit,
component and system level. One interview from Company C described: “We need unit
and component testing in order to verify all corner cases of the product’s behaviour”.
Company B takes another approach, focusing on user scenarios and compliance to
industry standards (e.g. on functional APIs). One interviewee from Company B
described this as a problem: “I would like to have more requirements. That could save
a lot of time. You always have requirements – but they are in someone’s head instead
of being visible for everybody.”

9.5.6 Optimize Test Activities and Performance in the Test Facilities (SI5)

The attitude towards stakeholder interest SI5 was different from the others, as none of
the interviewees pointed at a particular type of test activities. Instead, the interviewees
described this as being about optimizing the complete flow of test activities.

Many participants gave examples of different ways to optimize the flow. One
suggestion was to ensure that software changes are tested in simulators before going to
a rig with real hardware (if the rig is a scarce and valued test resource). A related topic
is to continuously investigate if problems found late in the pipeline should have been
found by earlier test activities.

Several interviewees saw opportunities to remove overlap between test activities on
different test levels (e.g. component tests and system tests). A similar suggestion was
to remove tests that no one shows interests for. One interviewee meant that it should
increase efficiency to use the same test tools and methods in the whole organization
(“now developers in different teams are solving the same problem again and again,
instead of getting better”).

Two interviewees took a step away from the actual test activities, and included
visualization of test results as something that should be included in optimizing test
activities. Seven of the participants went even further and discussed why tests should
be optimized, claiming that the main objective was to optimize on the time from that
the developer writes the code to test results showing if the code is working or not.
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9.6 Designing a Pipeline for All Stakeholders

From the interview results presented in Section 9.5, we found that the interviewees in
the case study companies describe three main phases in their pipeline (presented in
Section 9.6.1). We also identified three main factors that can be used to design test
activities for each of the stakeholders in the three phases (presented in Section 9.6.2-
9.6.4).

9.6.1 Three Main Phases in the Pipeline

Interviewees from all case study companies in different ways describe three main
phases of their continuous integration and delivery pipeline. These three phases are
visualized in Figure 35.

Figure 35: The three main phases in the continuous integration and delivery
pipeline.

Early in the pipeline the developers work on some type of team branches, and run
tests on the branch. The branch can be a sub-system branch (as described by e.g.
Company A) or a functional branch (described by e.g. Company B). Special types of
tests are executed when software is delivered from the team branch to the main track.
The tests are run either by the team before the software is delivered, at the delivery, or
on the main track after the delivery – or a combination of those alternatives.

Later in the pipeline different types of tests activities are conducted to test that the
functions and sub-systems work together. The test activities could be designed to run
both on event basis (e.g. if another test has passed) and on fixed schedules (e.g. once a
day). Tests are executed on both real hardware and on simulated environments, and as
automated and manual test activities.
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A release pipeline emerges on a release branch in all case study companies when the
organization is getting close to a release (internal or external). Then test activities shift
focus and involve new types of stakeholders.

We find that different types of test activities attract the stakeholder interests SI1-SI4
in the three phases of the continuous integration and delivery pipeline based on the
following three factors:

· Unit/component tests or system tests
· Simulated test environment or real hardware
· Automated testing or manual testing

As described in Section 9.5.6, the stakeholder interest SI5 (Optimize test activities)
optimizes the complete flow and does not focus on particular test activities as the other
stakeholder interests. Therefore, this stakeholder interest is not included in the analysis
presented in Sections 9.6.2-9.6.4 below.

It is worth reflecting on how the ways of working described by the interviewees from
the case study companies correspond to the practice of continuous integration as it is
described in literature, e.g. the often cited definition by Martin Fowler (Fowler 2006).
We have investigated similar cases in our previous work (Mårtensson et al. 2017a)
where developers commit daily to a branch, but the branches are integrated with the
main track much less frequently. In those cases we argue that one must always consider
what the system which one integrates is: one can practice continuous integration of a
subsystem on a branch, but not integrate the complete system at the same frequency
(which may have different pros and cons depending of the context). However, this
should not be mixed up with feature branches which we in our previous work also have
found to be a common approach in large-scale industry projects (Mårtensson et al.
2018).

9.6.2 Unit/Component Tests or System Tests

As many as 23 of the 25 interviewees did in some way include levels of test activities
(unit, component or system) in their answers. Twenty of 25 interviewees did in some
way refer to the value of a mix of unit/component and system tests. To exemplify, one
developer both described the value of testing “the complete system”, but at the same
time said that “when I test something, I want to test as close to the implementation as
possible”. Three interviewees advocated for system tests as the only needed test type.
One participant asked: “We run our unit tests more often now, but at the same time
more of our system tests fail – how can that be?”

Our analysis of how unit/component tests and system tests best support the
stakeholder interests SI1-SI4 (based on the interview results presented in Section 9.5.2-
9.5.6) is summarized as:

· Check changes (SI1) is best supported by a mix of unit/component tests and system
tests early in the pipeline. This is then followed by system tests later in the pipeline,
where the developer can check that committed software changes affected related
system functions correctly.
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· Secure stability (SI2) is best supported by system tests focused on vital functions
early in the pipeline, followed by a wider range of system tests.

· Measure progress (SI3) is supported by unit/component tests and system tests later
in the pipeline, as well as in the release pipeline. However, to measure test cases on
unit/component level is relevant only if these tests are used to show compliance in
any way.

· Verify compliance (SI4) is supported by system tests and unit/component tests
(where applicable) in the release pipeline.

Some of the test cases later in the pipeline could be of equal interest for SI1 and SI2.
The difference is that a developer (representing SI1) is focusing on the test cases for
the system functions the developer is working on, whereas e.g. a test manager
(representing SI2) is also looking for how a commit could have affected other test cases
due to coupling between sub-systems and functions.

9.6.3 Simulated Test Environment or Real Hardware

Fourteen of the 25 participants discussed simulated test environments and/or real
hardware. Thirteen interviewees emphasized the importance of simulated test
environments. The interviewees described simulated test environments as the only way
to provide developers with sufficient test resources. In the same way, simulators were
also described as the only way to find test resources for frequent regression tests.

Similarly, eight interviewees emphasized the importance of real hardware. The
interviewees described that real hardware was needed for tests that should show
compliance with requirements or standards. Also other types of tests called for real
hardware, according to the interviewees. For example built-in-test functions or timing
aspects must be tested on real hardware from the start, due to that these functions are
very difficult to simulate with good enough characteristics.

Our analysis of how simulated test environments and real hardware best support the
stakeholder interests SI1-SI4 (based on the interview results presented in Section 9.5.2-
9.5.6) is summarized as:

· Generally, the interviewees described a flow from simulated test environments to
real hardware for all stakeholder interests.

· Test activities early in the pipeline relies primarily on simulated test environments.
Later in the pipeline there is a mix of simulated test environments and real hardware.
In the release pipeline, test activities utilized primarily real hardware

However, we believe that there is no golden rule that simulators should be used as
much as possible early in the pipeline. Instead, the rule should be to use real hardware
as early as you can afford. In the same way, simulators can play a role in the release
pipeline, e.g. to provide stimuli when the system is tested on real hardware. The cost
for development and maintenance of complex simulated test environment must always
be compared to the cost of a test facility built from real hardware.
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9.6.4 Automated Testing or Manual Testing

Seventeen of the 25 interviewees described automated testing (of various types of test
activities) as a success factor. When the interviewees talk about particular test activities,
it is both automated tests to secure stability and integrity (nine participants) and
automated tests to check quality and correctness of software changes (eight
participants). A common standpoint is that automated testing is used for tests that are
to be run over and over again.

Ten of the 17 interviewees who talked about automated testing also described
manual test activities as an important complement to automated testing. Seven
individuals particularly pointed at manual exploratory testing, e.g. “exploratory testing
can provide a different type of feedback to the developer than automated testing”.

Our analysis of how automated and manual test techniques tests best support the
stakeholder interests SI1-SI4 (based on the interview results presented in Section 9.5.2-
9.5.6) is summarized as:

· Automated testing best supports test activities that are repeated (“the same things
over and over again”). This applies to a large extent to test activities that support the
stakeholder interest Secure stability (SI2), but also for test cases that are executed
repeatedly to support Check changes (SI1) or Measure progress (SI3).

· Manual tests can still be the most cost-efficient alternative for tests on system level
if the system architecture or the function itself is constantly updated (primarily tests
for SI1). However, in order to shorten the feedback loops to the developers, the
organization must move from manual to automated tests.

· Exploratory testing is a test technique that can utilize experienced engineers to
provide different types of feedback to the developers (SI1) than automated testing.
Whereas automated test activities in the pipeline are able to rapidly provide feedback
to developers and to verify requirements, exploratory testing can provide more in-
depth insights about the system under test.

Tests that support the stakeholder interest Verify compliance (SI4) could either be
automated or manual, depending on how often the organization prepares a new release.
If the organization releases new software once a year, it is probably not worth the effort
to automate the test cases. However, if the same test cases are used in other places in
the pipeline, they might already have been automated for other purposes. We argue that
automated testing is also a prerequisite when moving towards more frequent
deployment.

9.6.5 The Test Activity Stakeholders Model

Based on the analysis of the interview results presented in Section 9.6.1-9.6.4, we
summarize our findings in the Test Activity Stakeholders model (shown in Figure 36).
The model shows how the continuous integration and delivery pipeline can be designed,
in order to include test activities that support each of the five stakeholder interests
(based on the interview results as described in Section 9.6.1-9.6.4).



171

The first four stakeholder interests (SI1-SI4) are labeled as [C], [S], [M] and [V] in
the model.  The fifth stakeholder interest (SI5) optimizes the complete flow of test
activities, and does therefore not mark one or several particular test activities in the
model. The middle row in the model shows how test activities flow from primarily
simulated test environments early in the pipeline to primarily real hardware late in the
pipeline. The model also shows how different test techniques support the stakeholder
interests, marked as [AUT] (automated testing), [MAN] (scripted manual testing) and
[EXP] (exploratory testing).

Figure 36: The Test Activity Stakeholders model.

The model shows the three main phases of the pipeline:

· Early in the pipeline: Unit/component tests followed by system tests to check the
developers’ software changes. System tests of vital functions (e.g. start up the system
or drive around) secure stability and integrity in the system, which is monitored by
e.g. a test manager or QA department.

· Later in the pipeline: A wider range of system tests, which support several
stakeholder interests: A developer can follow up relevant test cases on system level
which might have been affected by the latest commit. A test manager (or a similar
role) wants to secure stability in the system, and follows up any unexpected impact
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on test cases related to all functions or subsystems. The same test cases can be used
to measure project progress (by e.g. a project manager or a line manager).

· Release pipeline: When the organization is getting close to a release (internal or
external) focus changes to new test activities. Test cases corresponding to each
requirement are executed on real hardware to support e.g. a technical manager to
verify compliance. Progress in these test activities can also be followed by e.g. a
project manager to measure project progress.

The model also shows how the stakeholders in different ways use the three phases
of the pipeline. The developers who want to check software changes rely primarily on
test activities early on the pipeline, and to some extent later in the pipeline. A plausible
scenario is that the development team only can run tests on component or subsystem
level (which we have observed both in one of the case study companies in this study
and in our previous work (Mårtensson et al. 2018)). If so, the team must deliver more
frequently to the main track in order to test that their changes still work with the
complete product. We can also see that line managers’ and project managers’ main
interest are test activities late in the pipeline (measuring project progress). This could
also possibly explain why developers sometimes struggle to get resources to test
frequently early in the pipeline, which we have observed in our previous work
(Mårtensson et al. 2016, Mårtensson et al. 2017a).

The Test Activity Stakeholders model may serve as a starting point for companies
when evaluating and designing their continuous integration and delivery pipeline,
enabling the identification of stakeholders and focusing improvement efforts where
they are most needed. The model could be used to encourage questions like “Who are
the stakeholders for test activities in our organization?”, “Do we have the right test
activities in our pipeline?” or “Are the test activities in the right place in the pipeline?”

9.7 Validation of the Test Activity Stakeholders Model

The Test Activity Stakeholders (TAS) model was validated with three case study
companies (described in Section 9.7.1-9.7.3) and comparison with related literature
(described in Section 9.7.4). The results from the validation is summarized in Section
9.7.5.

9.7.1 Validation in Three Case Study Companies

In the validation of the TAS model, the model was used by three companies (Company
E, Company F and Company G) to evaluate the continuous integration and delivery
pipeline in their own organization. To provide an external validation, these three
companies were different from the four companies that were studied to develop the
TAS model (Company A, Company B, Company C and Company D).

A series of interviews were held with 12 individuals: Four from Company E, five
from Company F and three from Company G. The interviewees had roles in their
companies as developers or roles related to testing, all selected to have a good overview
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over the test activities in the continuous integration and delivery pipeline in their
organisation.

All the companies involved in the validation of the TAS model develop large-scale
and complex software systems for products, which also include a significant amount of
mechanical and electronic systems. Company E’s product included a range of
subsystems, which were integrated frequently on a component and subsystem level but
less frequently on the product level. The interviewees from Company F were working
with two different products, both involving multiple teams. Both products were
developed to be integrated into a larger system. Company G developed a large-scale
system-of-systems, with a number of continuous integration and delivery pipelines
which were connected into a network of pipelines.

9.7.2 Using the TAS Model in the Three Case Study Companies

During the first part of the validation interviews, the interviewees used the TAS model
to evaluate the continuous integration and delivery pipeline in their own organization.
The TAS model was generally well received by the interviewees. During the interviews,
the interviewees confirmed the characteristics of the model (with comments like “this
reflects how we work”) but also used the model to discuss how their continuous
integration and delivery pipeline could be improved.

A majority of the interviewees described that the stakeholders were not clearly
defined for all test activities in their continuous integration and delivery pipeline. Four
interviewees responded that the stakeholders were clearly defined. One individual
added that that this was clear for him (working as the test manager) and his team, but
“probably not for anyone else”. The other eight interviewees responded that they
believed that the stakeholders were not clearly defined, adding comments like
“sometimes it is unclear who the tests are for” or “of course there are many
stakeholders, but no one has the overarching picture”. Another interviewee explained
that “the continuous integration flow was built from the existing test cases – we have
not analysed what we really want to achieve”.

Three interviews described that the stakeholders for the test activities did take action
on the results from the test activities. Five interviewees described this as sometimes
that worked well in some cases, and in some cases not. Four interviewees clearly stated
that they believed that this was not working very well.

The interviewees were then asked to describe how test activities in the pipeline
supported each of the stakeholder interests (as described by the TAS model) and try to
identify the weak spots. The interviewees generally described their organization as
well-working in some cases, but also identified various improvement areas:

· Check quality and correctness of software changes: The most common problem for
this stakeholder interest was related to long feedback loops, especially from test
activities on a system level. A few interviewees also pointed at a need for more test
activities on real hardware (not running in a simulated environment).

· Secure stability and integrity in the system during development: Interviewees from
two of the case study companies described that there were too many tests (to guard
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stability and integrity) which took too much time to execute. Interviewees from the
third company described the opposite situation, where not enough test cases for
stability tests caused problems. Interviewees from two of the companies described
that a part of the problem was that it was unclear who was responsible for a stable
main track.

· Measure project progress: Interviewees from all case study companies described it
as difficult to support this stakeholder interest. Seven of the twelve interviewees
clearly described this as an area that should be improved. One individual described
that they in a good way could measure progress for the subsystems, but not for the
complete product. Some interviewees described that test results were currently not
used to measure project progress, while others (in the same company) stated the
opposite. A few interviewees discussed how test results could be better presented, as
the problem was that the information currently not reached the project managers.

· Verify compliance with requirements or user scenarios: This stakeholder interest
seemed to be quite well supported, but the interviewees pointed at a few
improvement areas. One interviewee described that the needs from this stakeholder
showed up late, and could not be considered in parallel with the implementation.
Other interviewees described problems related to too much manual testing,
tractability, and test coverage.

During the interviews, different views emerged from each of the three case study
companies, which (if further analysed) could show where improvement efforts are most
needed. Detailed interview results are not included in this research paper due to non-
disclosure agreements with the case study companies.

9.7.3 Evaluating the TAS Model

In the second part of the interview, the interviewees were asked questions related to the
TAS model itself. Ten of the twelve interviewees considered all stakeholder interests
in the TAS model as relevant in their organization. To quote one interviewee: “All these
perspectives are relevant. This is definitely interesting for us to look more into. It would
be good to involve project managers more. I think that would make things easier for
them.” As a contrast, one interviewee clearly described the stakeholder interest
Measure project progress as not relevant, stating that “tests cannot measure progress”.
Another interviewee also questioned the relevance of the same stakeholder interest, but
explained this with “measure progress is less important as we do not do it”, which
makes it questionable if the stakeholder interest is not relevant or if it has not been
identified in the organization.

The interviewees were also asked if they believed that any perspective was missing
in the TAS model. One interviewee wondered if the customer is a separate stakeholder,
but then decided that if so, the customer is a stakeholder for the product and not the test
activities. Another person described “business people” as a separate group, who at
“certain occasions” arrived and asked about the status: “how many features are ready”.
We consider this group to be a part of the Measure project progress stakeholder.
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All interviewees described that (as far as they knew) their organization had not
analyzed how the test activities in their pipeline supported all existing stakeholders in
the organization. Most of the interviewees also commented in different ways that they
believed that this kind of evaluation should be valuable for the organization (e.g “if we
did this, we should find gaps – or things that no one really is asking for”). One
interviewee described that “we look at one test case at a time – not so good, actually”.
Another interviewee even stated “we have built this from the developers’ perspective –
and now it is hard to change”. A few interviewees described that they had been
participating in other types of evaluations of the pipeline, but then focused on
visualization, identifying overlapping test cases, or analyzing how different types of
testing can complement each other.

None of the interviewees were aware of any other systematic approach to evaluate
the continuous integration and delivery pipeline, similar to the TAS model. We argue
that this also supports the novelty of the Test Activity Stakeholders model.

9.7.4 Comparison with Related Work

The characteristics of the Test Activity Stakeholders (TAS) model are in different ways
corresponding to similar descriptions that can be found in literature. The three pipeline
phases (feature or subsystem branches, a main track and a release branch) are described
in various ways in several research papers (Laukkanen et al. 2017, Marijan et al. 2013,
Marijan et al. 2017, Penmetsa 2016, Vassallo et al. 2016, Vost 2015). The three phases
in the TAS model (Early in the pipeline, Later in the pipeline and Release pipeline) also
correspond to how Humble and Farley (2010) describe a pipeline (in their often-cited
book). In the first phase of the pipeline every change “triggers the creation of a new
instance” (a new instance of the complete system on the main track), while “the rest of
the pipeline runs a series of tests on the binaries to prove that they can be released”.
Humble and Farley describe the last stage of the pipeline as the “release stage”.

The knowledge that test activities exist on different levels (system test and unit/com-
ponent test) must be seen as trivial, and is described in various books and research
papers. The need for testing in both simulators and rigs are described by e.g. Engbom
(2015) and Mossinge et al. (2015). Furthermore, automated testing and exploratory
testing have been described as alternatives to manual testing in many publications, e.g.
Garousi and Mäntylä (2016b), Garousi and Pfahl (2016), and Itkonen, and Mäntylä
(2014).

However, as described in Section 9.3.2 most of the papers from the literature review
do not compare different types of test activities or give any guidance on when e.g. tests
on system level is better than unit tests. A few publications (e.g. Liu 2014, Marijan
2015, Rathod and Surve 2015) describe one type of testing as better than others, but
from one specific viewpoint. Four papers (Laghari  et  al.  2016, Mihindukulasooriya
et al. 2016, Rathod and Surve 2015, Vassallo et  al. 2016) do in different ways discuss
test approaches where different types of test activities  are  combined, but do not discuss
how different types of test activities can fulfil different purposes.

Based on this, we find that although the different characteristics of the TAS model
is mirrored in published literature, we have found no other publication that discusses
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how different types of test activities should be combined to support different types of
stakeholders. We argue that this also supports the novelty of the Test Activity Stake-
holders model.

9.7.5 Summary of the Validation

In the validation of the TAS model, the model was used by twelve individuals from
three case study companies to evaluate the continuous integration and delivery pipeline
in their own organization. These three companies (Company E, Company F and
Company G) were different from the four companies that were studied to develop the
TAS model (Company A, Company B, Company C and Company D).

During the interviews, a majority of the interviewees described that the stakeholders
were not clearly defined for all test activities in their continuous integration and deliv-
ery pipeline. Interviewees from two of the companies pointed specifically at that it was
unclear who was responsible for a stable main track. Furthermore, for each company a
number of areas were identified where improvement efforts should be focused in order
to support all stakeholder interests. The identified problem areas were in some cases
similar for all case study companies (e.g. a need for faster feedback to the developers).
In other areas, the problems were not the same (e.g. too many or too few test cases
guarding stability and integrity).

With one exception, the interviewees considered all stakeholder interests in the TAS
model to be relevant in their organization. One of the interviewees found the stake-
holder interest Measure project progress as not relevant in his organization, but did not
question the TAS model as such. The interviewees could not find any missing perspec-
tive or stakeholder interest in the TAS model, which supports the completeness of the
model. None of the interviewees were aware of any other similar model or approach.
This, in combination with the comparison with related work supports the novelty of the
TAS model.

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

9.8 Threats to Validity

This section discusses threats to construct validity, internal validity and external
validity. We find threats to validity relevant to discuss with regards to the literature
review (Section 9.3), the three series of interviews (Section 9.4, 9.5 and 9.7) and the
Test Activity Stakeholders model (presented in Section 9.6).

9.8.1 Threats to Construct Validity

One must always consider that a different set of questions and a different context for
the interviews can lead to a different focus in the interviewees’ responses. In order to
handle threats against construct validity, the interview guides were designed with open
questions. In this paper, we also include information about the background for both the
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interviewees and the case study companies in order to provide as much information as
possible about the context.

The results from the interviews reported in Section 9.4 were presented at a one-day
workshop with all four case study companies, which resulted in only minor comments.
In the same way was the Test Activity Stakeholders model presented to each of the case
study companies on separate meetings. A summary of  the analysis and a description
of the model were also sent to the case study companies before the meetings, in order
to give the company representatives the opportunity to review the material. The
response from all four case study companies were positive or very positive, with
comments like ”this is something that we can use” and added only minor suggestions.
The Test Activity Stakeholders model was well received, and seemed to in a good way
reflect the ways of working in the four case study companies (“this describes what we
do in our company”). Another participant meant that the model in a good way “showed
what is going on” and “explained some of our problems”, and added “I want to use this
model in our company”. We argue that the results from the one-day workshop and the
meetings with the case study companies support construct validity in the study.

The fact that only one search engine was used for the literature review (reported in
Section 9.3) could be seen as a threat to construct validity. However, the literature
review was primarily used to motivate a continued research study, and not used as the
primary source for the construction of the TAS model. As the decision to use one search
engine is clearly described in Section 9.3.1, we consider this threat to be mitigated.

The fact that the research papers in the systematic literature review were reviewed
by one single researcher could also be seen as a threat to construct validity. This was
partially mitigated with that the analysis and the results from the systematic literature
review were reviewed by two other researchers in a two-step process (in order to secure
quality and correctness). As the TAS model was not primarily based on the results from
the literature review, we consider this threat to construct validity to be acceptable.

9.8.2 Threats to Internal Validity

Of the 12 threats to internal validity listed by Cook, Campbell and Day (1979), we
consider Selection, Ambiguity about causal direction and Compensatory rivalry
relevant to this work:

· Selection: All interviewees in the three series of interviews were purposively
sampled in line with the guidelines for qualitative data appropriateness given by
Robson and McCartan (2016). The participants in the interviews reported in Section
9.4 were selected as good informants (as described by Robson and McCartan) with
appropriate roles in the companies. In the same way were the interviewees for the
interviews reported in Section 9.5 sampled to represent a wide range of roles in the
case study companies. The interviewees in the validation interviews reported in
Section 9.7 were selected to have a good overview over the test activities in the
continuous integration and delivery pipeline in their organisation. Based on the
rationale of these samplings and supported by Robson and McCartan who consider
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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 interview results, and
not introduced in the interpretation of the data. Due to this, we consider this threat
to be mitigated.

· Compensatory rivalry: When performing interviews and comparing scores or
performance, the threat of compensatory rivalry must always be considered.
Therefore, the questions in the interviews (described in Section 9.2.3, 9.2.4 and
9.2.6) were deliberately designed to be as value neutral as possible, rather than
judging performance or skills of the interviewee or the interviewee’s organization.
Generally, all 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 interviewed engineers more prone to self-
criticism than to self-praise.

9.8.3 Threats to External Validity

The Test Activity Stakeholders model (presented in Section 9.6.5) is based on interview
results from four case study companies: Company A, Company B, Company C and
Company D. In the validation (described in Section 9.7) the model was used by three
other case study companies: Company E, Company F and Company G. It is conceivable
that the findings from this study are only valid for these seven companies, or only for
companies that operate in the same industry segments (described in Section 9.2). As
described in Section 9.7.4, the characteristics of the Test Activity Stakeholders (TAS)
model are in different ways corresponding to similar descriptions that can be found in
literature, which supports the generalizability of the results of this study (external
validity).

We find that the characteristics of the Test Activity Stakeholders model (described
in Section 9.6.1-9.6.5) implies the following limitations on the generalizability of the
TAS model:

· Stakeholders in different roles (described in Sections 9.4.6 and 9.6.1) are evident in
organizations that develop large-scale and/or complex software systems, but may
not be clearly defined in a small organization.

· Proximity to bespoke hardware (described in Section 9.6.3) is related only to
development of software-intensive embedded systems (software systems combined
with electronic and mechanical systems).

· The description of the three phases of the pipeline (described in Section 9.6.1) is
based on a way of working where subsystems or features are developed on branches.

We argue that if those limitations are taken into account, the Test Activity
Stakeholder model has external validity, i.e. the model is valid for other organizations
than our seven stakeholder companies. Obviously, we see further validation of the TAS
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model as an interesting area for future work, especially including companies in different
industry segments.

9.9 Conclusion

In this paper we have presented interview results from four case study companies,
describing the test activities in each of the companies, and the flow between these test
activities in the continuous integration and delivery pipeline (presented in Section 9.4).
From the same interviews we also identified stakeholders for the different types of test
activities, and combined those into five stakeholder interests. The five stakeholder
interests are:

· Check quality and correctness of software changes (e.g. software developers in a
development team or a function team)

· Secure stability and integrity in the system during development (e.g. test managers
or QA department)

· Measure project progress (e.g. project managers or line managers)
· Verify compliance with requirements or user scenarios (e.g. product owner or

technical managers)
· Optimize test activities and performance in the test facilities (e.g. test specialists or

test managers)

In order to identify which types of test activities that best support these stakeholder
interests we conducted a series of interviews (presented in Section 9.5) with 25
individuals which represented different roles in the case study companies. Based on the
interview results we developed the Test Activity Stakeholders (TAS) model. The TAS
model (described in Section 9.6) shows how the continuous integration and delivery
pipeline can be designed to include test activities that support each of the stakeholder
interests:

· Early in the pipeline: Unit/component tests followed by system tests to check the
developers’ software changes. System tests of vital functions to secure stability and
integrity in the system (monitored by e.g. a test manager or QA department).

· Later in the pipeline: A wider range of system tests, which the developer uses to
check software changes. The same tests also secure stability (supporting e.g. a QA
department) and can be used to measure project progress (for e.g. a project manager
or a line manager).

· Release pipeline: When the organization is getting close to a release, test cases
corresponding to each requirement should be executed on real hardware to support
e.g. a technical manager to verify compliance. Progress in these test activities can
also be followed by e.g. a project manager to measure project progress.

The fifth stakeholder interest (“Optimize test activities and performance in the test
facilities”) optimizes the complete flow of test activities, and does not focus on
particular test activities as the other stakeholder interests.
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The TAS model shows how the test activities flow from primarily simulated test
environments early in the pipeline to primarily real hardware late in the pipeline.
Automated testing best supports test activities that are repeated, which to a large extent
are test activities to secure stability and integrity in the system. Automated testing is
complemented by manual testing, and especially exploratory testing which provides
different types of feedback than automated testing.

The validation of the TAS model (presented in Section 9.7) showed that the model
is novel, actionable and useful in practice, enabling the identification of stakeholders
and showing where improvement efforts should be focused in order to support all
stakeholder interests. The TAS model is based on interview results from four case study
companies and is validated in three other case study companies. We consider the model
also to be valid for other organizations, if the limitations for generalizability (presented
in Section 9.8.3) are taken into account. The model can then serve as a starting point
for companies when evaluating and designing their continuous integration and delivery
pipeline. We believe that the model will be valuable for both researchers and
practitioners as it provides a systematic approach based on the four stakeholder
interests, rather than making changes blindly and hoping for the best.

9.9.1 Future 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
Test Activity Stakeholders model in this study showed very promising results. Further
validation should encourage more companies to use the model to evaluate their
continuous integration and delivery pipeline, including companies in different industry
segments than the case study companies in this study or companies practicing other
ways of working than using branches for development of features or subsystems.

Another area for future work could be to continue to investigate which types of test
activities that best support the stakeholder interests, in order to provide more detailed
recommendations for the design of the continuous integration and delivery pipeline.
For example, one participant in the study asked for more guidance on which types of
test activities that should involve manual testing, and in particular exploratory testing.
Another example is to further investigate the value of unit tests, which was questioned
by several of the interviewees.

The fifth stakeholder interest (“Optimize test activities and performance in the test
facilities”) is not included in the Test Activity Stakeholders model. Future work could
further analyze and describe the activities performed in this interest, e.g. which
activities can ensure that the test environments are optimized and utilized efficiently.

The literature study reported in this paper summarizes how the values, benefits,
advantages, effectiveness or efficiency of different types of test activities is described
in published literature, which also include “continuous integration” or “continuous
delivery” in abstract, title or keywords. Likely, literature which not include “continuous
integration” or “continuous delivery” also contain relevant conclusions and experiences
on how different types of test activities support different types of stakeholders. An
expanded literature review could compare the characteristics of the Test Activity
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Stakeholders model with other sources, to further strengthen the validation of the model
or provide ideas for improvements.
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Chapter 9 Appendix A: The Interview Guides

Appendix A presents the questions in the interview guides for the three series of
interviews which were conducted for the study reported in this paper.

· Interview guide 1: Interviews to identify stakeholders for test activities
· Interview guide 2: Interviews to identify test activities for the stakeholder interests
· Interview guide 3: Interviews for the validation of the TAS model

Interview guide 1: the interview guide for the interviews to identify test activities for
the stakeholder interests (described in Section 9.2.3) included the following questions:

· Background information
─ Q1.1: Briefly describe the product that your organization is developing (the sys-

tem that we will refer to in the interview)
─ Q1.2: Briefly describe your role in the organization (test manager, process owner

for test process etc.)
· Q1:3: Which are the main stakeholders groups for the test activities in your organi-

zation? That is, who is interested in and takes action on the results from the test
activities?

· For each stakeholder group
─ Q1:4: Describe briefly the stakeholder’s role – what is the stakeholder’s interest

in the test activities?
─ Q1.5: Describe the types of test activities that is of interest for that stakeholder

Interview guide 2: the interview guide for the interviews to identify test activities for
the stakeholder interests (described in Section 9.2.4) included the following questions:

· Q2.1: How many years of industry experience with regards to software development
do you have?

· Q2.2: How would you describe your individual role and responsibilities?
· Q2.3: Based on your individual role and responsibilities, on a scale from 1 (“not at

all”) to 5 (“very much”), to what extent do test outcomes support you with regards
to the following tasks?
─ Check quality and correctness of your software changes
─ Secure stability and integrity in the system during development
─ Measure project progress
─ Verify compliance with requirements or user scenarios
─ Optimize test activities and performance in the test facilities

· Q2.4: In your experience, which types of test activities do you believe best support
the following tasks?
─ Check quality and correctness of your software changes
─ Secure stability and integrity in the system during development
─ Measure project progress
─ Verify compliance with requirements or user scenarios
─ Optimize test activities and performance in the test facilities
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Interview guide 3: the interview guide for the interviews for the validation of the
TAS model (described in Section 9.2.6) included the following questions:

· Q3.1: Are stakeholders clearly defined for all test activities in your continuous inte-
gration and delivery pipeline?

· Q3.2: Do the stakeholders take action on the results from the test activities?
· Q3.3: Do your test activities in a good way support all of the different stakeholder

interests according to the guidelines in the TAS model? Where are the weak spots?
─ Check quality and correctness of software changes
─ Secure stability and integrity in the system during development
─ Measure project progress
─ Verify compliance with requirements or user scenarios

· Q3.4: Would you consider any of the stakeholder interests in the TAS model as less
important in your organization?

· Q3.5: Is any perspective missing in the TAS model?
· Q3.6: Have you previously analyzed how the test activities in your pipeline support

all existing stakeholder interests? Are you aware of any other systematic approach
to evaluate this?
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