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Abstract
The integration of software development with traditional product development in manufacturing industries
is increasingly critical. This paper examines software testing and test automation in Swedish manufacturing
companies through a socio-technical perspective, identifying key trends, challenges, and best practices. A study
of seven companies reveals that in-house development fosters higher test automation levels, improving product
quality and reducing lead times, whereas outsourced development struggles with synchronisation and automation.
The study underscores the need for hybrid models blending agile methodologies with traditional stage-gate
processes to address technical challenges—such as tool integration and automation scalability—and social chal-
lenges, including organisational adaptation and cross-functional collaboration. Software testing and automation
are not solely technical processes but are deeply influenced by organisational structures and decision-making.
Findings highlight the potential of automated testing to enhance efficiency, enable early defect detection,
and bridge software-hardware collaboration gaps. This paper provides insights for practitioners and researchers
to optimise software testing strategies in industrial settings and proposes future research directions to refine
socio-technical approaches to test automation and integration.
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1. Introduction

Software engineering drives modern technological progress, significantly transforming traditional
product development into connected systems [1]. Devices such as robot vacuum cleaners, lawnmowers,
and fitness trackers illustrate this shift (Figure 1). This evolution demands seamless integration between
software and hardware, yet manufacturing companies struggle to balance structured, milestone-driven
processes [2] with the rapid iteration of agile software development [3].

Software testing and automation ensure reliability and efficiency in connected products. Testing
reduces costs and prevents defects [4, 5], while automation improves repeatability and reusability [6].
However, the timing and extent of automation in manufacturing workflows remain unclear, particularly
when balancing software, firmware, and hardware development.

Manufacturers traditionally follow rigid development cycles with significant late-stage investments
[7]. However, connected products require continuous updates, necessitating adaptable testing strategies.
The socio-technical systems (STS) perspective [8, 9] highlights the interaction between technology and
organisational structures, affecting test automation adoption and efficiency [10]. Companies with
in-house development often achieve higher automation maturity, whereas outsourced models face
integration challenges.
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Figure 1: Examples of connected products managed by an app: a smart lamp, a robot vacuum, a robot lawn
mower, and a fitness heart rate monitor.

This study examines software testing and automation practices in manufacturing, identifying industry
trends and socio-technical challenges. It explores how companies integrate software testing into product
development, the stages at which testing occurs, and the impact of automation on product quality and
lead times. By addressing these issues, this research provides insights to optimize software testing
strategies in industrial settings.

2. Related Work

Software testing in manufacturing industries spans multiple disciplines. This section reviews agile
development in manufacturing, software testing practices, and automation trends to understand how
these elements integrate into product development.

2.1. Agile in Manufacturing Industries

Manufacturing companies increasingly incorporate digital solutions into their physical products [11, 12].
Agile methodologies have been explored as a means to enhance responsiveness and product quality
[13]. While effective at the team level, they do not always reduce lead times due to slower hardware
development cycles [14]. Hybrid models combining agile flexibility with structured stage-gate processes
have been proposed to balance iterative software development with controlled product development
[15, 16, 17].

2.2. Software Test in Industrial Settings

Studies on software testing in industry highlight challenges in methodology adoption, tool integration,
and tester expertise [18]. Exploratory Testing (ET) and Interactive Search-Based Software Testing (ISBST)
allow domain experts to contribute effectively, even without formal testing knowledge [19, 20]. Software
Test Process Improvement (STPI) frameworks aim to enhance test strategies, balancing structured and
flexible approaches [21].

Comprehensive literature reviews identify gaps in test management, risk-based testing, and automa-
tion scalability [22, 23]. Industry-academic collaborations highlight the practical application of software
testing in manufacturing [24, 25]. Regression testing remains a key area of study, focusing on industrial
applicability and flaky test mitigation [26, 27]. Despite advancements, significant challenges persist in
test automation and legacy system testing [28, 29].



2.3. Levels of Software Test Automation

Automated test execution and generation improve efficiency [30]. Studies demonstrate effective auto-
mated unit test generation [31] and test case generation for RESTful APIs [32]. Industrial applications
of automation tools face challenges in scalability and reporting [33, 34]. Empirical studies validate the
benefits of test automation maturity on product quality [35].

Al-driven test automation enhances efficiency by automating non-functional requirements and
prioritizing test cases [36, 37, 38]. Research underscores the importance of adapting Al techniques
to industrial needs [39]. Cyber-physical systems introduce security concerns, necessitating semi-
automated security analysis [40].

2.4. Socio-Technical Perspectives on Software Testing and Test Automation

Software testing and automation are influenced by organisational structures, team dynamics, and
decision-making processes [8, 9]. Socio-technical systems (STS) theory suggests successful technology
adoption requires alignment between technical and social components [10]. Companies with strong
knowledge-sharing cultures achieve higher automation maturity [41].

Cross-functional collaboration is crucial for integrating test automation into product development
[42]. Hybrid agile-stage-gate models are needed to balance flexibility and structured decision-making
[14]. Future work should explore how STS principles can optimise test automation strategies in
manufacturing environments.

Recent literature on digital infrastructure, organisational ambidexterity, and resistance to digital
innovation [43, 44, 45, 46], provides important extensions to classical STS thinking. While these themes
were not the primary focus of this study, they represent promising directions for interpreting the
integration challenges faced by manufacturing firms transitioning toward software-intensive product
development.

3. Knowledge Gap and Research Questions

3.1. Knowledge Gap

As mentioned in the previous section, balancing agility with the rigorous demands of stage-gate
methodologies takes time and requires effort. It is obvious that product development (stage-gate) tends
to follow a strict process, while software development (agile-scrum) tends to follow a more flexible
process. Despite the substantial research on software testing methodologies and their applications
within industrial settings, several critical gaps remain. These gaps primarily pertain to integrating
software development processes with traditional product development, particularly in manufacturing
companies incorporating firmware and software into their physical products.

Key areas where knowledge is lacking include:

1. Integration of Agile and Stage-Gate Processes.

While there has been considerable research on agile practices in manufacturing industries, the
seamless integration of agile methodologies with the traditional stage-gate process remains
underexplored. Although prior research has recognised the disconnect between agile software
practices and stage-gate-driven product development, there remains insufficient understanding
of why these misalignments persist in manufacturing contexts.

The hybrid models proposed by Cooper and others suggest potential benefits, but empirical
validation and industry-specific adaptations are needed. More specifically, for this study, where
does software testing fit in the process? We argue that this persistence reflects not merely
technical or procedural shortcomings, but deeper socio-technical tensions, such as organisational
inertia, legacy culture, and the fragmentation of knowledge across teams. Addressing these issues
demands a socio-technical perspective that goes beyond surface-level process integration.



2. Timing and Extent of Software Testing in Connected Product Development.

The literature indicates that testing is critical to software and product development. However,
there is a lack of detailed understanding regarding when and how software testing, especially
automated testing, is conducted in the context of connected product development. This includes
identifying specific stages within the stage-gate process where testing occurs and the extent of
automation used.

3. Challenges and Impact of Automated Testing in Connected Product Development.
While the benefits of test automation are well-documented, practical challenges such as tool
integration, scalability, and the adaptation of academic tools for industrial use are not sufficiently
addressed. This gap is particularly pronounced in manufacturing companies where the complexity
of connected products necessitates sophisticated testing approaches. Also, the influence of
automated testing on the overall product development cycle, particularly in reducing lead times
and enhancing product quality, requires further investigation. Existing studies highlight the
potential of automation to improve efficiency, but detailed empirical data on its impact in industrial
settings, especially in manufacturing, is sparse.

3.2. Research Questions

To address these gaps, the following research questions are proposed:

RQ 1: How does software development fit in the product development process in manufacturing
companies?

RQ 2: At what stages of the connected product development process is software testing,
particularly automated testing, conducted in manufacturing companies?

RQ 3: What is the impact of automated testing on the product development cycle in
manufacturing companies?

4. Methodology

Unlike many software engineering problems, which require a quantitative approach [47], this research
focuses more on the qualitative aspects. Inspired by the work of [48], we proceed with qualitative
methods as they’ve proven more effective in answering broader research questions [43]. The knowledge
obtained through the qualitative study conducted in this research will serve as a foundation towards
more quantitative studies on the field of software test automation. Our research process, as presented
in Fig. 2, explains the approach when conducting our research, where we start by setting up the study,
identifying and pinpointing the needs, conducting the interviews, transcribing and coding data, iterating
on analysing findings and discussing, and finally concluding.

This research results from a collaboration between the School of Engineering at Jonkoping University
and one of the case companies in this research. Tacit knowledge about the company and its products and
processes is therefore present. This knowledge is based on the long-term, close working relationship
between the researcher and the company.

4.1. Participant Selection

Participants for this study were selected from seven manufacturing companies that engage in software
development, internally or by outsourcing to dedicated software development teams. Notably, two
of the companies in question had external assistance when developing software for their connected
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Figure 2: Research Process - From setting up the study to final discussions and conclusions

products. Some participants represent an outsourcing company engaged in the project, providing an
external perspective on the software test automation strategies used. To capture an understanding of
software test automation strategies within these companies, each company contributed with one to three
interviewees for their respective development departments. Top management was initially approached
to approve the research focus and help us identify suitable interview candidates. The selection criteria
focused on identifying individuals who held management roles with personnel responsibilities, leading
teams ranging from tens to hundreds of developers. This approach ensured the participants had a
strategic overview and a profound understanding of their organisations’ software test automation
strategies.

This careful selection of participants from various hierarchical and organisational contexts within
the software development lifecycle was designed to elicit insights from those directly involved with or
responsible for implementing and overseeing test automation processes. By targeting management-level
interviewees, the study aimed to gather data from those most likely to have a holistic view of their
company’s approach to software test automation, including both strategic and operational dimensions.

4.2. Interview Design

The interview script was developed in collaboration with the collaborating company, based on their
experience and challenges, and the research team, which consists of senior academic researchers and
industry experts specialising in software development. The group initially identified the theme of
the study, which revolves around software testing and test automation in manufacturing companies
developing connected products. Guided by this theme, questions were formulated to capture a compre-
hensive understanding of the software development lifecycle within these companies. To obtain the
necessary information, semi-structured interviews were designed following recommendations provided
by [49]. The questions were structured to explore key aspects, including when testing is conducted,
what elements are tested, and the extent to which testing is automated. This approach ensured that the
script effectively addressed the research objectives by eliciting detailed insights into the practices and
challenges of software test automation in the targeted industry context.

A set of main questions was identified to capture the overall process, complemented by follow-up
questions and probes to dig deeper into the necessary topics. Probes were used at stages where further
clarification was needed also to keep the interviewees on track. The interview’s main questions and
follow-up questions, some of which were translated and asked in Swedish, were:

1. How does the Software Development Processes look at your company?
2. When does Software Development occur in regard to Product Development
(a) Development of Software
(b) Development of Firmware
(c) Common problems between the two
(d) Reflections



3. Is Software Development done in-house, or is it outsourced?
(a) If outsourced, what is the outsourcing strategy?
4. When do you conduct Software Testing?
(a) What are your test strategies?
(b) Do you utilise automated testing?
(c) What are your views and approaches regarding test automation?
(d) What types of tests do you conduct?
5. Conclusion: What is the approach to software testing at your company, to what extent have you
utilised automated testing, and what and when do you test?

4.3. Interviews

Semi-structured interviews were used to collect qualitative data that cannot be captured through
quantitative measures [50]. The interviews provide insights into participants’ experiences, opinions,
and feelings about software development practices. Interviews were conducted with one to three
suitable candidates. Where agreed upon, interviews were recorded, otherwise, notes were taken in
the interview guide during the interviews. The transcripts and interview guide notes were later coded
to extract values. The coding process extracts values for quantitative variables from qualitative data,
which allows us to perform certain quantitative analyses based on the qualitative findings [51]. To
ensure the validity and reliability of the study, all conclusions are traceable to specific interviews, which,
to ensure integrity, have been pseudonymized.

4.4. Pseudonymization Process

After data collection, each company was assigned a unique pseudonym (e.g., Alpha, Beta, Gamma,
etc.). These pseudonyms were used consistently throughout the study to refer to the companies,
ensuring no real names or identifying information were included in any documentation or analysis
accessible to anyone outside the research team. Any explicit references to specific products, services,
or internal projects that could potentially identify the company were redacted from the data, and
information such as product names, names of clients, names of partnerships, and names of proprietary
technologies or software. Demographic data were aggregated to prevent identification based on
workforce characteristics. For example, ranges were used instead of stating the exact number of
employees (e.g., "between 100 and 300 employees”). This approach was also applied to departmental
sizes and roles within the companies. Indirect identifiers that could lead to the identification of a
company through data triangulation were reviewed and altered, including changing or removing any
specific examples or case studies provided by the companies during the interviews. All documents
with non-pseudonymized data were securely stored with access to the research team only. Multiple
research team members cross-checked the pseudonymized data to verify that no inadvertent identifiers
remained.

With the implementation of these measures, we ensure that the data used in this study maintains the
confidentiality and privacy of the participating companies. This allowed for a thorough and unbiased
analysis while upholding ethical standards in research. Using pseudonymization allowed the research
team to retain the ability to re-identify the participants if necessary, ensuring the robustness and
flexibility of the study.

4.5. Data Analysis

We emphasise that analysing qualitative data in empirical software engineering studies requires rigorous
analysis over merely recording impressions and subjective interpretations [51]. A good contextual un-
derstanding of each company prior to interviewing is recommended to improve the rigour of qualitative
research [52]. In our study, we aim to capture developer experiences, tool and process evaluation, and
adaptation of practices. This will be done by using a thematic analysis approach applied to empirical



software engineering [53, 54]. As a first step, we read through the transcripts, familiarising ourselves
with the data’s depth and nuances. A grounded theory method [55] is applied, allowing us to extract
statements supported by the data in multiple ways. Grounded theory is used because of its adaptability
in these types of studies [56]. An initial set of codes is identified based on the theme of the study and its
goals. This set of codes is used throughout the coding process but is not final and can expand depending
on the findings. Coded findings are then evaluated to find themes, trends and patterns [51]. These are
afterwards reviewed and refined to ensure accuracy in data presentation. Themes are then defined and
named to help present coherent findings in a structured manner.

To increase and ensure the study’s validity, all findings were discussed within the group of researchers
before conclusions were made, following the process presented in Fig. 2.

5. Results & Discussion

In this section, we present our findings based on the interviews conducted with seven companies, each
developing one or more connected products. For the reader to better understand the companies, we
start by presenting the size and type of company. Afterwards, we identify and present the processes for
each company. Lastly, we give an overview of software tests and software test automation in respective
companies. After we present the companies and relevant processes, we present trends and patterns in
the data.

5.1. Grouping of Companies

The companies were grouped based on their software development approaches, as well as additional
characteristics such as the number of employees, types of products, and company type. This is shown
on Table 1. Following the pseudonymity guidelines, we used broader employee number ranges to
minimise the possibility of company identification. Companies are classified as Original Equipment
Manufacturer (OEM) and Contract Manufacturer (CM) companies, with some being both OEM & CM
at the same time. Furthermore, classification based on the products being developed across the entire
company has been made:

« Single product or Multiple product: Does the company develop one or more digital products?
« Single app or Multiple app: Is there one single end-point for the digital product(s); or are there
multiple end-points for the digital product(s) to connect to?

In our classification, we combine the type of product(s) being developed with the type of applica-
tion/system used to connect to the products, providing an interface to the end user as presented in
Fig. 3.

Noteworthy is that, in addition to the three cases there is a fourth case where a product may be
connected to by multiple applications or be compatible with third-party applications and external
integrations. However, our study specifically focuses on the internal development and integration
efforts carried out within the companies themselves. Therefore, we limit our analysis to the software
applications and system architectures that are directly developed, owned, or maintained by the compa-
nies. This allows us to investigate the socio-technical alignment between internal product development
and testing practices, without conflating it with external ecosystem complexity, which lies beyond the
scope of this study.

It is important to note that companies such as Epsilon, with a large variety of products and employees
and branches spread worldwide, can have different approaches to software development depending
on the product in question. Companies such as Zeta, which was quite immature with connected
products and is just finding its way in the digital product market, ought to mature and further evolve
their software development practices. Companies such as Gamma and Theta, with a multiple product
and multiple app structure, might also have different practices at different departments developing
for different products. These limitations are discussed further in Section 5.6. Therefore, it is hard to
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Figure 3: Classification according to single or multiple connected product, and single or multiple app in
manufacturing companies

Table 1
Company characteristics, Development approaches, and Extent of test automation
Company Size (empl.) Product Platform Development Test automation extent
Alpha 1000-5000 OEM Mulitple product, single app In-house Medium to High
Beta 500-1000 OEM Mulitple product, single app In-house Medium to High
Gamma 10000-50000 OEM Mulitple product, multiple app  In-house Medium
Epsilon 100000+ OEM Mulitple product, multiple app  Hybrid Low
Zeta 1000-5000 OEM Single product, single app Outsourced Low
Eta 1000-5000 CM Mulitple product, single app In-house Medium
Theta 10000-50000 OEM & CM  Mulitple product, multiple app  In-house Medium to High

generalise that mid-large and very-large companies function similarly and use the same processes
across their entire enterprise. However, from what we concluded throughout our research, this might be
the as-is scenario for most development conducted in companies such as Gamma and Theta (mid-large).
At the same time, we can not claim the same for Gamma (very-large) due to the complexity of the
organisation.

5.2. Software/Firmware Development in Connection to Product Development

For us to be able to find trends and patterns and ultimately draw conclusions about them, it is essential
to identify when these companies conduct software/firmware development concerning product devel-
opment. During our interviews, we tried to pinpoint when software and firmware were developed in
connection to the physical product. Furthermore, we wanted to understand the connection between
these two processes. In Table 2, we briefly summarise what the connection between the three processes
looks like (software, firmware, physical product). With this, we also answer our RQ 1: "How does
software development fit in the product development process in manufacturing companies?”
The results highlight the diversity in development processes:

« Companies following the stage-gate model (e.g., Alpha) align software development closely with
product development milestones.

« Hardware-driven companies (e.g., Beta, Gamma) prioritise firmware development early, whereas
software development follows later stages.

+ Companies with simultaneous software and firmware development (e.g., Theta) treat software as
an integral part of the product rather than an add-on.

« Fully outsourced companies (e.g., Zeta) have minimal influence over software development,
limiting opportunities for integration and optimisation.



Table 2
Software development process in relevance to the product development process

Company Development Process

Alpha In line with stage-gate, following gates closely.
Beta Hardware-driven development of products, firmware developed earlier; software a bit later.
Gamma Manufacturing-driven, firmware developed earlier; software developed late.
Transitioning to integrated processes.
Epsilon Firmware developed in-house during product development, software developed for the finalised product.
Zeta Fully outsourced firmware and software development, working with an existing product.
Eta Software development integrated late, working with an existing product.
Theta Simultaneous software and firmware development; product developed

as a result of software/firmware development.

5.3. Software Test and Test Automation

This subsection identifies the levels of software testing and software test automation in the seven
companies interviewed in this study. Software testing approaches varied significantly among the
interviewed companies. Table 1 presents the extent of test automation across companies. The key
observations include:

« Companies with mature in-house software development practices (Alpha, Beta, Theta) exhibit
greater investment in automated testing.

« Hybrid models (Epsilon) show inconsistencies in automation due to organisational complexity.

« Fully outsourced companies (Zeta) have limited automation due to dependence on third-party
vendors.

It is important to note that no formal definition of software test automation was established before
the interviews were conducted. Instead, the companies judged the extent of their test automation based
on their own notions of testing and test automation. We believe that the definition of software test
automation goes in line with the maturity of the companies in regard to software development which
allows us to classify the companies from their standpoint and current maturity level. From our data,
it was very clear that the majority of our respondents did not really refer to the gates in the product
development process. Instead, they have used terminology such as early, middle, and late to emphasise
when their contribution begins in the process. It is also crucial to emphasise that different departments
come into the process at different stages. For example, hardware-dependent development (firmware
development) was introduced sooner than application/system development (software development).
Although these findings do not directly map to the second research question, RQ 2: "At what stages of
the connected product development process is software testing, particularly automated testing, conducted
in manufacturing companies?”, it does give us a clear picture of when in the stage-gate process start
developing software and at what stage of the software development process they conduct testing. Early
testing, or, as some noted, quality assurance, is critical to the early detection and prevention of defects in
connected products. This knowledge could drastically impact production costs and lead times. Several
examples of such issues were presented throughout the interviews, where early testing saved the
company from shipping a faulty product to production. These findings also tap into RQ 3: "What is the
impact of automated testing on the product development cycle in manufacturing companies?”

5.4. Socio-Technical Implications of Software Testing in Manufacturing

Software testing and test automation in manufacturing companies are not purely technical activities
but are deeply influenced by socio-technical factors. The effectiveness of test automation depends
not only on tool selection and integration but also on organisational culture, knowledge-sharing, and
cross-functional collaboration [10].

Our findings indicate that:



+ Companies with in-house software development align testing with product development cycles
more effectively than those relying on outsourcing.

« Communication gaps and organisational silos in outsourced setups hinder efficient test integration.

+ Resistance to automation adoption is linked to unclear ownership of testing strategies and lack of
dedicated automation teams.

This demonstrates that test automation is as much a social and organisational challenge as it is a
technical one.

Furthermore, the transition to automated testing requires shifts in skillsets, job roles, and decision-
making structures. In companies where test automation is resisted, we observed a lack of dedicated
automation teams or clear ownership of test strategies. This highlights the need for structured organ-
isational change to facilitate the adoption of automated testing, ensuring that human and technical
systems evolve together.

While this study has framed software testing and automation within a socio-technical perspective,
there remains an opportunity to more explicitly apply the conceptual apparatus of socio-technical
systems theory to interpret the findings. For instance, Mumford’s ETHICS methodology [9] emphasises
the participatory design of socio-technical systems, which could be used to interpret the varying
degrees of organisational resistance observed in certain firms. Similarly, Trist’s original conception
of joint optimisation, the alignment of social and technical subsystems [8] offers a useful heuristic for
understanding why in-house setups tend to exhibit higher automation maturity. These theoretical tools
enable a richer interpretation of our findings beyond descriptive classification, opening avenues for
theory-informed interventions in manufacturing contexts.

5.5. Trends and Patterns

To summarise our findings and highlight the interplay between technical, organisational, and human
dimensions in shaping test automation outcomes, we propose the conceptual model illustrated in Fig. 4.
This model reflects the socio-technical alignment required for effective test automation, emphasising
that successful adoption cannot be achieved through technical capability alone, but must also address
organisational structures and human collaboration.

Technical People

Effective Test Automation

(@) isational : : .
reanisationa Socio-Technical Alignment

Figure 4: Socio-Technical Alignment for Effective Test Automation

Several notable trends emerged across companies:

« Fully outsourced companies prioritise cost efficiency but lack strong quality assurance practices.

« Manufacturing firms transitioning to digital products often rely on external partners before
establishing in-house development.

« Companies adhering to strict industry regulations focus on compliance-driven testing rather than
continuous quality improvement.



« Organisations fostering cross-functional collaboration tend to adopt higher levels of automation.

Companies with a full outsourcing strategy have little focus on software testing and test automation.
This can be due to the immaturity of the manufacturing company concerning software development.
Traditional manufacturing companies that are digitalizing their products might opt out to outsource
software development initially to do a large-scale proofing of a concept. This type of software product
can even be considered to be market-ready by some manufacturing companies. Still, in reality, it does
not meet the quality standards due to a lack of quality assurance performed during development.

On the other hand, mature companies have a very well-established software testing strategy and
tend to have more software test automation. Various industry standards and regulations drive some of
the larger, mature companies. On one hand, this is deemed beneficial for the quality of the software
delivered. On the other hand, this is also perceived limiting to the extent of quality of the software
delivered. Mature companies driven by industry standards and regulations tend to limit their quality
assurance processes to those alone, and are often satisfied once they are met. This indirectly limits the
potential of further development on quality assurance and software testing.

While technical capabilities play a role in determining a company’s test automation maturity, socio-
technical factors—such as team structures, collaboration between software and hardware engineers,
and executive support—are equally important. Companies with strong cross-functional collaboration
and dedicated test automation teams report higher adoption of automated testing, while those with
fragmented software and product development processes struggle with integration.

This aligns with socio-technical systems theory, which emphasises the importance of aligning human
and technical components for optimal system performance [9]. Future initiatives in test automation
should therefore consider both technical and organisational factors, ensuring that software testing
strategies align with existing work practices and team dynamics.

5.5.1. Development Approach

The patterns identified from the interviews connected to the development approaches show that
companies which develop software in-house have a better overview of testing and test automation.
Hybrid approaches where development of either software or firmware are outsourced give a balanced
approach to testing. Fully outsourced projects tend to have very little focus on software testing in the
traditional format. We identified the following patterns:

+ In-house development is preferred by larger companies (Alpha, Gamma, Theta) and offers greater
control over integration and testing.

+ Outsourced development is adopted by companies with very large employee bases (Epsilon) or
those focusing on cost-efficiency (Zeta).

« Hybrid approaches are used by companies balancing internal expertise with external capabilities
(Beta, Eta).

5.5.2. Testing Strategies

When it comes to testing strategies, our analysis shows that companies which conduct software
development in-house usually tend to do more software testing in general. We summarise the findings
about test strategies below:

« Early testing is common in companies with in-house development (Alpha, Beta, Gamma, Theta).

« Hardware-driven testing is observed in companies where hardware plays a critical role (Beta,
Theta).

+ Outsourced testing aligns with outsourced development models (Epsilon, Zeta).

« Companies transitioning to new development models (Gamma) or focusing on the physical
product (Eta) show varied testing strategies.



5.5.3. Extent of Test Automation

Lastly, we present the findings on the extent of test automation within manufacturing companies. Our
findings imply that the company’s maturity strongly reflects the extent of software test automation.

« Higher levels of automation are found in companies with in-house or extensive simultaneous
development (Alpha, Beta, Theta).

+ Medium levels of automation are typical in traditional manufacturing companies with a strong
organisational focus on the physical product (Gamma, Eta).

 Lower levels of automation are seen in companies relying on outsourced development and testing
(Epsilon, Zeta).

Furthermore, referring back to the related work presented in Section 2, we can see that previous
research looks at different techniques which can be used to mitigate challenges regarding software
testing and test automation. Here, academia and state-of-the-art research ought to be beneficial for
manufacturing companies. Collaboration between the two is crucial both for academia, being able to
place and test their findings, but also for manufacturing companies to tackle the challenges associated
with software development and software test automation.

5.6. Limitations and other considerations

This study acknowledges several limitations that may influence the generalizability of the findings.
Firstly, no standardised definitions of "software testing” and “software test automation” were established
prior to conducting the interviews. The interviewees reflected on their understanding of software
testing and software test automation, which ultimately proved to be in line with the definitions described
in Section 2. Additionally, the term “test” itself was a point of contention among certain participants.
Some individuals argued that "test” is an inadequate term, preferring “quality assurance” to describe
their activities. Yet again, this shows that companies have different views over the definitions and that
no unified definition of test/quality assurance exists. This indicates the need for standardised definitions
and terminology to enhance the reliability and validity of our findings. Finally, the number and type of
interviewees for this study could provide findings that are different from those that would be obtained
if we were to interview a larger number of software developers working in these companies. This
is potentially something another study could explore, and conclusions could be drawn based on the
combined findings, further discussed in Section 6.

6. Conclusion

This study analyses the current state of software testing and test automation in the manufacturing
industry, highlighting key trends and challenges. The findings underscore the diversity in approaches
adopted by manufacturing companies, influenced by their internal capabilities, maturity, external part-
nerships, and organisational characteristics. As demonstrated in Section 5, we see that manufacturing
companies adopt diverse strategies for software development and software testing.

A key insight from this study is that software testing and test automation are not merely technical
challenges but inherently socio-technical endeavours. The success of automation depends not only on
tool selection and process integration but also on organisational culture, collaboration structures, and
the ability to align testing with product development cycles. Companies that foster cross-functional
collaboration and knowledge-sharing between software, hardware, and quality assurance teams are
more likely to achieve effective test automation.

However, significant socio-technical barriers remain. Resistance to automation, lack of dedicated
testing roles, and fragmented communication between development teams can hinder adoption. Our
results suggest that companies transitioning from traditional manufacturing to software-intensive
product development need structured frameworks that address both technical and organisational



challenges. These robust frameworks and methodologies ought to bridge the gap between academic
advancements in test automation and their practical application in industrial settings.

The impact of automated testing on the overall product development cycle is evident in several
dimensions. Companies with higher levels of test automation report shorter lead times and improved
product quality, as automated tests facilitate early defect detection and continuous integration practices.
However, the full potential of test automation is often unrealised in companies with less mature software
development processes or those heavily reliant on outsourcing.

While our findings confirm several known challenges, such as the limited testing maturity in out-
sourced environments and the benefits of in-house integration, this persistence itself is noteworthy. It
underscores the need for a deeper understanding of the social and organisational forces that hinder
technological advancement, even when the tools and methods are well understood. By viewing these
frictions through a socio-technical lens, we shift the focus from merely identifying gaps to interrogating
why these gaps endure.

Future research should explore socio-technical adaptation strategies for industrial test automation.
Understanding how companies can optimise automation by aligning technological capabilities with
organisational structures and human factors is essential for advancing the field of software quality
assurance in manufacturing contexts. By integrating socio-technical perspectives into test automation
strategies, companies can create sustainable and scalable testing solutions that enhance efficiency and
product reliability.

6.1. Future Research

This study has provided insights into software testing and test automation in Swedish manufacturing
companies. However, several knowledge gaps remain that require further exploration, particularly
regarding the interplay between technical and social factors in test automation adoption. While prior
studies suggest potential benefits [2], empirical validation is needed to determine how such models
can effectively align software testing with product development cycles. Secondly, exploring what
impact organisational culture and cross-functional collaboration have on test automation adoption and
strategies. Finally, there is a need for longitudinal studies to track how companies evolve in their test
automation practices.

By addressing these areas, future research can help organisations develop test automation
strategies that are both technically effective and socially sustainable.
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