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Abstract—Due to the technical complexity and social impact,
automated vehicle (AV) development challenges the current state
of automotive engineering practice. Research shows that it is
important to consider human factors (HF) knowledge when
developing AVs to make them safe and accepted. This study
explores the current practices and challenges of the automotive
industries for incorporating HF requirements during agile AV
development. We interviewed ten industry professionals from
several Swedish automotive companies, including HF experts
and AV engineers. Based on our qualitative analysis of the
semi-structured interviews, a number of current approaches
for communicating and incorporating HF knowledge into agile
AV development and associated challenges are discussed. Our
findings may help to focus future research on issues that are
critical to effectively incorporate HF knowledge into agile AV
development.

Index Terms—Requirements Engineering, Automated Vehicles,
Human Factors, Agile Development

I. INTRODUCTION

The development of automated vehicles (AVs) has the
potential to revolutionize transportation and greatly improve
safety, efficiency, and convenience. However, the successful
deployment of AVs depends on its ability to effectively interact
with human users and adapt to the complex and dynamic
environments in which they operate [33]]. Many studies have
identified human-related challenges in automation, such as
over-trust and over-reliance [[11] of humans in AVs, misuse of
the automation [15]], interaction of drivers and AVs, transfer
of control, and communication with other road users [[13]].

Researchers argue that it is crucial to incorporate human
factors (HF) knowledge into AV development to ensure their
safety, usability, and acceptability [14f], [26]. Hence, HF
knowledge must play a vital role throughout the development
lifecycle of AV technology. Human factors refer to the physi-
cal, cognitive, social, and emotional components of individuals
that can affect their performance and interactions with systems
(such as AVs) [10].

Researchers emphasize the inclusion of human knowledge
in the early stages of the design process in the requirements
engineering phase [8|]. This allows for a more holistic and
user-centered design process, where the needs and preferences
of the human users are understood and considered from the
beginning. Previously, in plan-driven development (e.g., based
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on V-model) HF research would have taken place in pre-
development activities and would have contributed to up-front
requirements specifications [30].

However, in recent years, there has been a shift towards
agile development methods. Agile development focuses on
rapid prototyping, continuous delivery, and frequent feedback
and collaboration between self-organizing and cross-functional
teams [9]]. Using agile development in the AV industry presents
both opportunities and challenges to incorporate HF knowl-
edge. Agile development allows for user feedback to be
incorporated more quickly and flexibly and allows iterations
on the design [22]. In contrast to these advantages, it is
difficult to systematically derive the requirements of systems
(such as AVs) in agile development [12]]. For this reason, it is
challenging to include HF knowledge in agile AV design [34].

To bridge this gap and address the challenges, it is crucial to
gain insights into how practitioners in the field actually include
HF knowledge in their daily work and identify the specific
obstacles they encounter. Previous studies have highlighted the
need for addressing this issue [24]]. By examining the practical
experiences of professionals in the AV industry, we aim to shed
light on the current practices and uncover the key challenges
faced in integrating HF knowledge into agile AV design.

To set the stage for more extensive investigations, in this
exploratory study we represent a first step in the direction of
exploring current practices and challenges for incorporating
HF knowledge into the agile development of AVs. Using
semi-structured interviews with ten industry experts (e.g., AV
engineers, HF experts), this qualitative study aims to address
the following research questions (RQs):

RQ1: What are the current practices to include HF knowl-

edge in agile AV development?

RQ2: What practical challenges exist to deliver HF knowl-

edge to developers in agile AV development?

Our findings may help to plan and conduct future studies.
If the research community pays more attention to the needs
and expertise of HF practitioners, we believe the industry will
embrace new discoveries and work with researchers to better
address HF in agile AV development.

This paper builds upon interview data from a previous study,
which examined the properties of agile development and HF
and identified implications for HF, agile development, and



requirements engineering. While the previous study aimed to
explore and characterize these properties and implications, our
current study focuses specifically on concrete practices and
challenges. Key findings from the other paper can be found
herel

The rest of the paper is divided into five sections. Section II
reviews the background and Section III discusses the method-
ology. The findings are presented in Section IV, while Section
V presents the discussion and threats to the validity of this
study. Finally, Section VI concludes the paper.

II. RELATED WORK

To our knowledge, there is only little related work about
incorporating HF knowledge into agile AV development. Thus,
we consider literature that deals with the integration of HF
aspects into agile software development, as well as studies
integrating HF aspects into AVs. Note that we do not focus
on HF in terms of their impact on the employees of agile way
of working as, for example, studied by [2f], [17].

a) Human Factors in Agile Software Development:
While studies provide guidelines for including HFs in the
product development [21]], [28]], it does not specifically address
the integration of HF requirements in agile development. When
it comes to incorporating HF into requirements engineering in
agile development, some studies have focused on including
HF in agile development [[1]], [19], [27], [32]. The mentioned
studies have limitations in scope and may not fully capture
the complexity of HF aspects such as user research, usability
testing, and feedback collection. They also lack empirical evi-
dence to support their effectiveness in real-world agile projects
and do not provide detailed guidelines for implementation.
Saghafian et al. [31] analyze the current level of integration
of HF in immersive visual technologies (IVTs) development
and highlight areas that need improvement. This study also
addressed the agile perspective, but then it is not for AVs and
requirements perspectives.

b) Human Factors in AV Development: In recent years
HF experts have made significant contributions to the under-
standing of how important HF are for AVs. Topics of relevance
are interactions between AVs and the human driver [13],
human engagement and disengagement [23]], human-machine
interfaces [29], situational awareness [3[], etc. However, con-
sideration of the knowledge of HF capabilities and limitations
in these studies is limited to scenarios or specific design
solutions for one of the aspects which traditionally would
then be integrated into the requirements specification/design.
However, it remains unclear how this kind of HF knowledge
which is build up from research serves as input for agile AV
development.

III. METHOD

We used a qualitative study design inspired by Maxwell
[20] based on semi-structured interviews to explore the current
practices and challenges of incorporating HF in agile AV
development. We chose this method due to the fact that this is
a relatively unexplored research field and qualitative research

TABLE I
INTERVIEWEES’ ROLES AND WORK EXPERIENCE (EXPERIENCE LEVEL:
Low= 0-5 YEARS, MEDIUM=5-10 YEARS, HIGH= MORE THAN 10
YEARS)

ID Role Experience Level

P1 HF Expert (Specialist) High

P2 HF Expert (Strategy, Specialist & High
Research)

P3 AV Engineer (Strategy & High
Architecture)

P4 AV Engineer (Requirements & Medium
Research)

P5 HF Expert (Management & Research)  High

P6 HF Expert (Specialist) High

P7 HF Expert (Specialist & Design) High

P8 AV Engineer (Safety & Research ) Low

P9 AV Engineer (Strategy & Specialist) High

P10  HF/AV Engineer High

would allow to explore the different aspects derived from indi-
viduals’ insights based on their experience and understanding
[16].

A. Data Collection

Our aim was to have the freedom to explore any new
developing areas while maintaining a framework that enables
the replication of our findings [6]]. To achieve this, we con-
ducted semi-structured interviews. Semi-structured interview
approaches facilitate capturing intrinsic characteristics and
allow the interviewer to probe further questions [3].

For this study, we interviewed ten professionals (P1-P10)
with diverse roles from various Swedish automotive companies
such as Volvo (cars and trucks), Zenuity, Veoneer, and Autoliv.
All interviewees have several years of experience working with
AV development. Table [[] presents the role of each participant
along with their experience level.

Interviews lasted from 60 to 80 minutes. In most interviews,
three authors were present during the interviews, while at least
the first and second author were present in every interview.
The first author was leading the interview, the second author
taking notes. Before conducting the interviews, we created an
interview guide to ensure that the same topics were covered in
each interview. The guide included nine open-ended questions
and detailed follow-up questions, which were covered in each
interview. The interview questions used can be found herel

B. Data Analysis

In order to address the research questions (RQs), we thor-
oughly analyzed the responses to questions 3, 4, and 5 from
the interview guide. However, to enhance the depth and scope
of our data and findings, we also thoroughly examined and
analyzed the entire data in relation to our research questions
on the challenges and practices of incorporating HF in agile
AV development.

While agile development was not initially a primary topic of
the study when preparing for the interviews, our interviewees
consistently provided answers that reflected the agile approach
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to working. As a result, we expanded our research questions
to include the agile perspective.

For the qualitative analysis we used the thematic analysis
approach [4] to determine themes and analyze the content.
Generally, this approach consists of six steps. Following the
steps, first we reviewed all interview notes thoroughly and cre-
ated memos on topics relevant to our research questions. Then
the text was assigned labels called codes, using both Microsoft
Word and Nvivo. The coding scheme was refined iteratively
to uncover important ideas and perspectives. The codes were
then analyzed and grouped to find common patterns to define
the themes. The themes that emerged through the coding
were then reanalyzed and checked to identify any ambiguous,
contradicting, or missing ideas. Finally, we expanded on the
descriptions of the themes and provided example quotes. The
themes and findings are presented in the next section.

IV. FINDINGS

This study aims to investigate the current practices on
how HF knowledge is currently incorporated in agile AV
development and what challenges are there.

A. Current Practices

In this section, we report current practices which practi-
tioners use to include HF knowledge in agile AV development
(RQD).

a) Derivation of HF Requirements: Our interviewees
indicated that there is just no one specific method to derive
HF requirements. Rather the process varies both between
companies and depending on the scope of the HF being
considered.

While only a few of our interviewees were able to provide
specific details on how they derive and collect HF require-
ments, some examples included, using statistical data (e.g.,
to understand the concrete context or specific driver behav-
ior), getting specifications from customers (original equipment
manufacturers (OEMs)), using prototypes (to understand hu-
man interaction), and conducting research.

“A lot of requirements are derived from research or common HF
knowledge as a requirement bible for driver interface. That is the
big list of all requirements. But you cannot just say that everything
in there just applies because it depends on the context choice. But
we have that as a basis.” — P7

In addition, in some cases, user studies are also carried out
to find the HF requirements — through co-driving with test
drivers or meeting them in clinics.

“In addition, user studies to meet people. For each new function,

for example, that we develop. This might be through co-driving
with test drivers or meeting them in clinics. Finding the require-
ments and also validating them.” — P7

Regarding human-machine interaction (HMI),
HMI/HF experts get involved in writing requirements.

some

“—is in charge of HMI and interaction. So, he is writing early
requirements, when initiated by our product planning. He is also
following up, testing, and supporting the refinement.” — P6

b) Communication and Documentation of HF Re-
quirements: According to our interviewees, requirements are
traditionally communicated to others through documents. In
agile development, however, teams rely more on informal,
regular meetings and interactions to align on requirements.
In this context, it is not clear how to effectively transfer this
knowledge between multiple domain experts.

Different companies use different tools and methods de-
pending on the context to facilitate knowledge transfer of
requirements in agile development. For example, it varies
depending on the situation or type of information and to whom
it is provided. Our interviewees mentioned using various tools
to communicate and document requirements, including, for
example, JIRA, some requirements tools, or PowerPoint.

Some interviewees stated that the best way to communicate
HF knowledge to AV developers is to make HF part of the
teams. They indicated that otherwise, it will be challenging to
incorporate HF knowledge effectively if HF experts are not
part of the team. However, the lack of HF specialists makes
it difficult to have them integrated in each team.

“How would HF experts bring up their knowledge? If the network

exists, just a quick call over Skype. If not: You are put into the

same project together. If the project has been implemented and

you keep getting reports on features, I do not know if that would

first go to HF or engineers, but either way, one would contact

the other.” — P9

c) Consideration of HF: There were different views
about the current practices for consideration of HF knowledge
in developer’s daily work. Most interviewees expressed that
HF expertise is included mainly in the HMI development. Oth-
ers believed they do not have a distinct division or allocation
of responsibility for HF inside their organizations.

When it comes to HMI or user experiences, in some
companies, a HF expert is there to incorporate HF knowledge
and ensure that HF knowledge is covered. However, in the
absence of HF experts, HMI designer or user experience (UX)
engineers perform the tasks and is in charge of incorporating
HF into their designs.

“For me that is a lot of walking. You need to visit a lot of parts

of the company premises to meet people.” — P7

Lastly, most of the interviewees mentioned that there is
not enough consideration of HF in development, which is
particularly affected by the short sprints of agile development
and also because of the lack of HF experts.

d) Interaction and Communication with AV Develop-
ers: Most of the interviewees expressed that there is almost
no or infrequent direct communication between HF experts
and AV developers.

“ Very rarely, unfortunately... I can talk to their group leader, but

indirectly.” — P5

However, considering HF knowledge in HMI, we learned
through this study that a few communications occur where
teams try to have an HMI specialist in each agile team.
These HMI experts then work with the product owner (PO)
or product managers (PM) to create user stories and develop
features. It is, however, still tricky to execute experiments from
HF perspectives.



“But we write the backlog items in ADAS. That works well. We

have a few of us that hook into ADAS stream, but many other HF

are only in the HF stream.” — P6

e) Experiments and Tests with HF Knowledge: In the
experience of our participants, HF experiments can offer valu-
able insights into designing products that are more efficient,
user-friendly, safe, and optimized for human performance.
However, only a small number of participants mentioned
actually conducting such experiments, and even then, only
for new functionalities. Typically, these studies involve co-
driving with test drivers, user studies, or meeting with people
in clinics.

“ For each new function, for example, that we develop. This might

be through co-driving with test drivers or meeting them in clinics.
Finding the requirements and also validating them.” — P7

B. Challenges

This section presents the challenging aspects of integrating
HF knowledge to AV developers in agile development that we
identified in our interview study (RQ?2).

a) Communication: Most of our interviewees pointed
out that communicating HF knowledge in the current ways
of agile working is difficult for several reasons. For example,
currently, there is no defined methodology for how or where
HF should be included in the team and development lifecycle.
Our interviewees mentioned that it would be easier to convey
HF knowledge if HF specialists were part of the team. It is also
hard to integrate HF in the workflow of developers in agile
development because of short sprint cycles. Agile development
is a fast-paced process that demands fast decisions, thus it
can be challenging to have enough time to integrate and
communicate HF knowledge.

“ Yes, because we are very big, and we may not have the time

or even the amount of information is too big to catch up in the

right timeframe.” — P3

“The way you communicate your requirements is within the

teams. You need to be there. If you are not in the teams, it will

be a challenge.” — P7

b) HF Experts not Part of Teams: According to our
interviewees, it is difficult to include HF in agile AV devel-
opment because agile teams are autonomous and responsible
for discovering knowledge by themselves and, therefore, must
have knowledge of HF. However, many of these teams lack
the necessary knowledge and expertise in HF.

“They(teams) are then responsible for the topic. T-shaped teams.

But we are lacking HF people.” — P2

This is because HF is a specialized subject that demands
specialized knowledge and skills, which engineers generally
do not have.

“We also try to take part during the development. This agile way

of working, we figure that out ourselves. We have tried different

things. We had one HMI expert in each team, but that did not

scale. We do not have enough experts to have one in each team

for 100%.” — P7

In the absence of HF experts in the development team, there
may be a lack of understanding of specific HF issues that are
critical to the development of AVs. This can result in miss-
ing important design factors that can affect user experience,
usability, and safety. One reason for the lack of HF in the

development team is that organizations currently do not have

enough HF experts.
“The problem is, if you are not on the train, you are not able
to promote yourself. If you are a shared resource team, you have
less visibility. So it will be better to be on the train.” — P6

c¢) Knowledge Management: Another challenge that has
been identified is the lack of a proper way to manage the
knowledge, for example, how to store this knowledge for
future use, and how to use the knowledge accumulated from
previous projects. Our interviewees mentioned that without a
framework or model, it is difficult to collect and use lessons
learned from previous projects and apply that knowledge
to current development activities. As a result, inefficiencies
can occur, opportunities for improvement can be missed, and

progress can slow down.
“We could have high-level requirements: Anything that the vehicle
does should not surprise other road users and other similar
requirements. We are not yet very good at managing such re-
quirements. 7 — P7

Additionally, without a common vocabulary or framework
for discussing and sharing this knowledge, it is difficult
to communicate effectively and ensure that HF aspects are
properly incorporated into the development process. Our in-
terviewees stated that the key to addressing these challenges
is to establish unique frameworks and models for managing
the knowledge of human elements in AV creation. These
frameworks should provide a mechanism for defining and
capturing needs in terms of HF, as well as incorporating these

needs into the general development process.
“At the moment, I am not even sure what we mean by these
requirements. A framework is missing. HF models are not com-
pletely in place, so it is very hard to say if we can convey the
requirements in a complete way. ” — P8

d) HF Experiments and Tests: Several participants in
the study highlighted the significant importance of HF in
field experiments and testing of AVs. However, they also
highlighted that conducting HF experiments is challenging for
several reasons. Most notably, such experiments can be both
expensive and time-consuming, which can be particularly chal-
lenging in agile development environments. This is because
agile methodologies prioritize rapid iteration and feedback,
which can make it difficult to conduct a thorough examination
of HF issues to ensure vehicle safety and efficacy. Striking
a balance between the rapid iteration and feedback of agile
development and the thorough examination of HF issues can
be challenging.

Moreover, the study of HF in AVs is still in its early stages
of development. Unlike other fields, such as software testing,
where tests are formal, established, and mature, HF tests are

not yet formalized enough for automated testing.
“Established, mature tests are very much formalized, but we are
lacking that formality.” — P2

Additionally, our interviewees mentioned that tests and
simulations can present challenges when attempting to make a
complete safety argument. Therefore, it may be more effective
to argue based on requirements rather than attempting to create

a comprehensive safety argument based on testing alone.
“Tests and simulation are troublesome when attempting to make
an argument for completeness. If one aims for a complete safety



argument, it might be better to argue based on requirements.” —

P8

e) Mindset: Some participants in the study emphasized
that applying HF knowledge to agile development requires
more than just adopting new practices. This requires a cultural
change within the organization and a shift in developers’
mindsets. However, changing culture and mindset is a complex
and long-term process, making it challenging to implement.

“If you do not have the company philosophy, it is hard to make

the connection. It is much more than describing the path toward

a specific requirement in a database.” — P1

To promote HF knowledge in agile AV development, inter-

viewees suggested that organizations and developers should
focus on changing their culture and mindsets rather than
solely scaling HF experts or developing better frameworks.
By incorporating HF into their daily work, they can create a
culture of awareness and understanding of the importance of
HF in AV development.

“The reason that HF is overlooked since it is a traditional
engineering company. They like to bring in a UX engineer rather
than work on the mindset.” — P6

V. DISCUSSION AND THREATS TO VALIDITY

The study findings suggest that determining HF require-
ments is not a one-size-fits-all process and varies depending
on the organization and team. Practitioners should be aware of
different approaches to identifying needs and select the most
suitable one based on their specific circumstances. Currently,
HF knowledge is primarily concentrated on HMI development,
but as AV behavior encompasses features beyond HMI, there
is a need to expand the integration of HF knowledge.

Incorporating HF expertise poses challenges, as also indi-
cated by [18]], [31]]. HF experts should be part of the develop-
ment team to effectively share their knowledge and contribute
to design decisions. This suggests that organizations should
consider restructuring their teams to include HF specialists,
improving knowledge transfer and timely communication of
HF requirements. Furthermore, the lack of tools and proce-
dures to support HF in agile AV development presents another
obstacle. Therefore, standardization and streamlined setups for
executing HF experiments and tests are necessary.

We also find that there is a need to work on the develop-
ers’ mindset in order to effectively bring HF knowledge to
development. Engineers should understand the importance of
HF knowledge and have enough awareness to know when to
seek out HF expertise and how to apply HF knowledge in
development. Our findings also confirm that HF should be
given greater consideration in requirements (as for example
discussed by Hékansson et al. [8]]) and testing.

A. Threats to Validity

We consider the four perspectives of threats to validity
covered by Easterbrook et al. [7].

a) Construct Validity: One of the most important aspects
of validation in qualitative research is construct validity. The
risk of construct validity was addressed by including authors
who have sound knowledge and experience working with

automotive industry and HF. The last three authors of the study
have extensive experience in requirements engineering and HF
within the automotive industry from research and development
perspective. They assisted the first author by leveraging their
expertise in developing an interview guide that accurately
reflected the research objectives of the study. Additionally,
the interview guide was refined through multiple iterations to
ensure its clarity and relevance.

b) Internal Validity: To minimize this risk, we took great
care to collect data about the topics and their contexts and
provided detailed descriptions of our findings. We used data
triangulation and interviewed multiple roles and people in each
role to ensure internal validity. However, there may still be a
selection bias because the interviews were selected through our
industry contacts. To ensure continuity in the data collection
process, we conducted all interviews using the same guide,
but follow-up questions varied depending on the context.

c) External Validity: Our results are difficult to gener-
alize due to the fact that all participants were working in
Sweden and we focused on automotive companies. Thus, our
results may not be applicable to other countries or other
domain working with agile. Despite the global presence of our
interviewees’ companies, cultural differences could still exist,
impacting practitioners’ reasoning about current practices and
challenges for incorporating HF in agile AV development.
However, these findings are likely to provide valuable insights
for HF experts and automotive companies interested in incor-
porating HF in agile AV development. It will also be useful
for other researchers in the automotive domain.

d) Reliability: To minimize these risks, we took several
measures. During the interviews, we had multiple researchers
present to ensure the reliability of our data. We also share the
material we used when conducting the interviews and analyses,
which can be utilized by other researchers to replicate our
methodology in various settings. Additionally, the coding
results were discussed among all authors to ensure consistency.
Nonetheless, we recognize that some degree of subjectivity
may still be present in our analysis.

VI. CONCLUSION AND FUTURE WORK

The objective of this study is to explore current practices
and challenges encountered by practitioners in incorporating
HF knowledge into agile AV development. Our results imply
that HF knowledge has not been well integrated by developers
in on the full AV system scope, but too often limited to the
HMI design. Challenges for incorporating HF in agile AV
development include, for example, the lack of HF experts,
knowledge management, and tools and procedures to properly
engage HF experts. Our results encourage developing a robust
setup with protocols to effectively incorporate HF knowledge
and perform user studies so that developers can generate
knowledge and data with good reliability. We expect our
results to be useful for engineers and managers aiming to
improve the integration of HF knowledge in agile systems
development.



Future Work: Our study shows clearly that more research is
needed in this critical area and we hope that our initial results
can contribute to this discourse. By expanding this study,
we aim to collect best practices from AV development on
how to integrate HF knowledge and requirements into large-
scale agile workflows and to connect it to a organization-wide
requirements strategy, e.g. based on [25].

Our future work will focus on the integration of HF re-
quirements within the agile workflow, for example, examining
their incorporation in each sprint and daily work. We will
investigate the roles and responsibilities surrounding HF re-
quirements, including who is responsible for their implemen-
tation, and explore the methods used to store and manage these
requirements. To gain a more comprehensive understanding,
we plan to extend our qualitative survey to involve a broader
range of companies and participants. This will enable us to
capture a diverse set of perspectives and gather a more robust
set of data on practices and challenges.

Furthermore, we intend to conduct an in-depth case study
in an automotive company to develop a concrete requirement
strategy that addresses the integration of HF knowledge and
requirements across organizational boundaries. This is partic-
ularly important as many requirements originate from OEMs
and are passed on to suppliers.

Through these research endeavors, we aim to contribute
to the development of effective strategies and guidelines for
integrating HF knowledge and requirements into large-scale
agile workflows in the AV industry. Our ultimate goal is to
enhance AVs’ safety, usability, and overall quality by bridging
the gap between HF considerations and agile development
practices.
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