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This study investigates how Human Factors (HF) is applied when designing and

developing Immersive Visual Technologies (IVT), including Augmented Reality, Mixed

Reality, and Virtual Reality. We interviewed fourteen people working at different

organizations, that develop IVT applications in the Nordic region. We used thematic

analysis to derive themes from the interviews. The results showed an insufficient

knowledge and application of HF in IVT development, due to the lack of awareness

of both scope and significance of HF, resource allocation strategy, market inertia,

stakeholder’s involvement, standardization of HF application and IVT uses, and

technology maturity. This situation could be improved by allocating experts, adjusting

organizational strategy to balance resource allocation, training developers and user

organizations to raise awareness and to encourage co-creative design and knowledge

sharing, create a sense of ownership amongst stakeholders, and ensure the usefulness

of the technology to the user’s work.

Keywords: human factors, augmented reality, mixed reality, virtual reality, training, organizational strategy

INTRODUCTION

The International Organization for Standardization (ISO) (ISO/IEC, 2018) defines Human Factors
(HF) as “scientific discipline concerned with the understanding of interactions among human and
other elements of a system, and the profession that applies theory, principles, data and methods
to design in order to optimize human well-being and overall system performance.” ISO (ISO/IEC,
2018) also defines “system” as a “combination of interacting elements organized to achieve one
or more stated purposes.” This definition in ISO is elaborated on to state that a system is either
a “product or as the services it provides” and that system includes “the associated equipment,
facilities, material, computer programs, firmware, technical documentation, services and personnel
required for operations and support to the degree necessary for self-sufficient use in its intended
environment.” From the HF or ergonomics perspective, a system can be more thoroughly defined
as Wilson (2014, p. 6):

“A set of inter-related or coupled activities or entities(hardware, software, buildings, spaces,
communities and people), with a joint purpose, links between the entities [. . . ], and which changes
and modifies its state and the interactions within it given circumstances and events, and which is
conceptualized as existing within a boundaries.”
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Applying HF in early stages of software and technology
development has been found to improve the efficiency
and productivity of using technology, and consequently
organizational performance (Capretz, 2014; Calp and Akcayol,
2015). “Whether a software development project is successful or
not depends entirely on the human factor” (Yanyan and Renzuo,
2008, p. 1302). HF has a realistic and profound significance
to improve the quality and reliability of software (Yanyan and
Renzuo, 2008). HF also has the potential to prevent poor design,
as a poor design could have disastrous outcomes if end users
are not able to comprehend the tasks they are expected to
perform or if the technology is too complex for end users (Sætren
et al., 2016). However, the extent and quality of HF application
in software design and development did not receive enough
attention in early years because research findings have not
always been grounded in understanding the nature of design and
development and the complexities thereof (Stolterman, 2008).

Traditionally, there has been more focus on the technical
aspect than the human aspect of design, but this trend is
changing (Sætren et al., 2016). With the rapid development of
the technology in the past 30 years, more attention has been
paid to curricula and protocols of HF and the importance of
users in interacting with computer systems (Ogunyemi and
Lamas, 2014). Many tools developed based on research have
been used in designing interactive interfaces between humans
and technology (Stolterman, 2008) but further improvements
can be made if the research becomes even more grounded in
better understanding of the design and development practices
to support the developers and users (Stolterman, 2008). This is
possible through understanding how practice is actually done and
how HF is being applied.

This study investigated to what extent HF is being
considered and applied during design and development process
of Immersive Visual Technologies (IVTs) and what are the
reasons behind the sufficient or insufficient HF application. IVTs
considered in this research included Augmented Reality (AR),
Mixed Reality (MR), and Virtual Reality (VR). Here, we focused
on the ISO definition as it is more applicable to a broad range of
IVT applications and use cases. The definition adopted reflects
on the multidisciplinary nature of HF as it encompasses various
fields and focuses on users. It is also the definition that is
readily accessible to practitioners who use ISO. HF ensures that
when designing tasks, jobs, products, environments, and systems,
factors such as physical, cognitive, sociotechnical, organizational,
environmental factors are taken into consideration. Three main
questions were posed in this paper:

1. What is the status quo of HF in the IVT
software development?

2. What are the challenges facing developers in applying
sufficient HF?

3. How can HF application for IVT be improved?

This paper aims to build up on the current body of literature
on HF and contribute to it by incorporating IVT development
process, which is rapidly evolving and expanding technologies as
opposed to more traditional technologies. There is a wide range
of IVT applications and industries that started to adopt IVT

solutions, both in safety-critical and non-safety-critical domains.
We interviewed fourteen people from organizations that develop
IVT applications in the Nordic region, but they represented a
diverse sample of organizations and backgrounds regarding IVT
development. We chose the Nordic region as the region has a
considerable IVT market (Bezegová et al., 2017) and a tradition
of participatory design (Sundblad, 2011). Therefore, HF may
already be considered to certain extent in this region.

THEORETICAL BACKGROUND

In the following section we present an overview of the important
terms and definitions and the relevant literature about the factors
that have been found to influence HF consideration in design and
development processes.

HF Application in the System Design and
Development Process
HF application encompasses user analysis (identification of all
potential users and their characteristics) (Wickens et al., 2004),
task analysis (specification of physical and cognitive actions and
the interactions with technology) (Kirwan and Ainsworth, 1992),
function analysis (identification of transformations needed by the
system to help users with their tasks), environmental analysis
(identification of context in of system and user performance) as
well as user preference and requirements analysis. It also includes
organizational design, which determines the training needs
(specification of what, where and whom should receive training)
(Salas et al., 2006), as well as equipment redesign and procedural
adjustments in the workplace to facilitate user performance.

Usability testing can be done to evaluate user performance and
interaction with the system regarding the physical and cognitive
abilities and limitations of the users (Wickens et al., 2004).
Usability can be evaluated through several criteria, such as the
system must be easily learnable, efficient, easy to use and to
remember. It must lower the error rate and error recovery must
be smooth. The system must be pleasant to use and leave a good
user experience (Nielsen, 1993; Brinck et al., 2002; Wickens et al.,
2004). It must worth the effort to use (Holzinger et al., 2011).
In sum, HF application expands to acceptability evaluation,
safety evaluation, and human-technology interaction evaluation
(Wickens et al., 2004) such that the system helps users perform
their task and achieve their goals.

Human-Computer Interaction and
User-Centered Design
Human-Computer Interaction (HCI) refers to designing to
enhance fit between user, computer/technology, and services to
improve performance and quality, with respect to the context
of use. The term interactive system, as implied in HCI, is
defined as the “combination of hardware and/or software and/or
services and/or people that users interact with in order to
achieve specific goals” (ISO/IEC, 2018). This implies careful
consideration of how users interact with technology, physically,
cognitively and affectively (Karray et al., 2008) in order to have a
user-centered system.
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Users-centered or human-centered design “aims to make
interactive systems more usable by focusing on the use of
the system; applying human factors, ergonomics and usability
knowledge and techniques” (ISO/IEC, 2018). This requires
ensuring that users are actively participating in the design process
and that they receive as much attention as the technical aspects of
the system design (Sætren et al., 2016). Therefore, user-centered
design is an approach aligned with fulfilling HF requirements in
developing new technologies. In fact, the goal of applying HF
is to have a user-centered system design (Wickens et al., 2004),
which focuses on the software’s usability and user experience
(Larusdottir et al., 2014), its usefulness and accessibility to the
users based on their feedback (Calp and Akcayol, 2015). It
emphasizes an interactive way of designing the interface, where
needs and expectations of the potential end users and other
stakeholders are being met (Pascal et al., 2013).

HF Considerations in IVT
Designing and developing IVT applications that fulfill users’
needs and capabilities are not simple tasks. Although typical
design guidelines for desktop-based applications, such as
usability heuristics, are still applicable to IVT applications
(Murtza et al., 2017), these guidelines are insufficient in terms
of informing designers and developers about design choices
and their possible trade-offs (Sutcliffe et al., 2019). Here, wrong
design choices would not only lead to undesirable performance,
but also unhealthy impact on the user. For example, motion
sickness is themost commonly reported issue in IVT applications
that use head-mounted displays (Aukstakalnis, 2016). Prior
research has suggested that motion sickness could occur due
to technical issues, such as system’s latency (St. Pierre et al.,
2015), stereoscopic vision (Keshavarz and Hecht, 2012), limited
field of view (Moss and Muth, 2011), and also due to users’
characteristics, such as perceptive and cognitive abilities (Stanney
et al., 1998). However, it is also important to note that this
issue also affects IVT applications differently, for example, users
of AR and MR seem to be less susceptible to motion sickness,
compared to users of VR (Vovk et al., 2018). All these imply
that designers and developers should pay more attention to
their users, since IVT applications could influence both their
performance and well-being.

Factors That Influence HF Applications
Despite the vivid importance of HF, it has often been overlooked
in the software development, as more emphasis is placed on the
technical end of the spectrum of human-technology interactive
systems (Capretz, 2014). The limited resources (budget, time, and
staff) (Dillon et al., 1993; Rauch and Wilson, 1995; Rosenbaum
et al., 2000; Venturi et al., 2006; Bygstad et al., 2008), the lack of
end-users involvement (Dillon et al., 1993; Rauch and Wilson,
1995; Rosenbaum et al., 2000; Gulliksen et al., 2004; Bygstad
et al., 2008), the organizational culture (Rosenbaum et al.,
2000; Iivari, 2006), the complexity of development projects and
interorganizational complexity in collaborative projects (Sætren
and Laumann, 2014; Milch and Laumann, 2018), as well as
the limited knowledge about HF standards and its significance
(Sætren et al., 2016) have been mentioned in many studies as

the reasons for the suboptimal HF application. In addition, some
studies also indicated three more reasons for the suboptimal HF
application. Firstly, the homogeneity of end users was found to
compromise a culture of questioning about the usability of a
new technology implementation (Sætren and Laumann, 2014)
and this culture could spread to other stakeholders if they are
not exposed to different points of views. Secondly, the late
inclusion of HF specialists in the development process could lead
to overlooking the evaluation and feedback from HF experts as
the prototype may already be produced and there may be limited
time, resources and motivations to revise the steps already taken
(Rauch and Wilson, 1995). Lastly, the lack of visible impacts
of the HF application due to absence of cost-benefit analysis
(Rosenbaum et al., 2000; Venturi et al., 2006) and this situation
could prevent managements from investing necessary resources
for the sufficient HF application. Note that the studies mentioned
here are still limited to HF applications in the development
of information systems in general, since none of the them
specifically investigated HF applications in the development of
IVT applications.

METHOD

In this section, we present the sample of the participants and
how the data were collected and analyzed. We also present an
overview of our choices and actions during the data collection
and analysis processes.

Participants
The interviewees were employees in the organizations that
develop either AR, MR, or VR applications. The interviewees
were mainly working as developers, chief executives, or designers
and there was also one research director. The industries that the
organizations were targeting varied, such as gaming, education,
construction, healthcare, communication, machine building,
paper mill, and energy. The organizations provided solutions
mainly for training, safety, remote operations, and collaborative
work. The organizations worked on the software side of IVT
applications and none of them manufactured the required
hardware for IVT applications. Most of the organization were
start-ups with 4 to 20 employees. Two organizations were
established organizations with more than 1,000 employees. Ten
organization were based in Finland, two in Norway and two
in Sweden.

Data Collection
A total of fourteen semi-structured interviews were conducted
for this study. The semi-structure interview allowed us to get
more insight and information from the interviewees’ point of
views and more flexibility in exploring those views. Interviews
were scheduled through emails and carried out from May 2020
to June 2020 by video conferencing calls due to Covid-19
pandemic travel restrictions. Informed consent was obtained
prior to interviews. We anonymized and transcribed the
interviews verbatim. The interview guide is provided as the
Supplementary Material.
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Data Analysis
The interviews were analyzed using thematic analysis, which
is “a method for identifying, analyzing and reporting patterns
(themes) within data” (Braun and Clarke, 2006, p. 79). It consists
of six phases of iterative and repetitive coding and categorizing
to derive the themes. The advantages of using this method is its
theoretical freedom, its ability to present different perspectives in
the data and to provide insight on the main points of the data set
(Nowell et al., 2017).

A number of decisions were taken in conducting the analysis.
The first one was how the themes will be identified from the
interview data. The research question was to a degree guiding
the initial coding framework on a broad level, in that we aimed
to identifying the context or status quo, the challenges and the
improvements that can be made in applying HF. Therefore, at
this level, a deductive or top-down approach (Boyatzis, 1998)
was taken where coding framework was initially made due to
the researcher’s interest. However, in order to have a detailed
account of all the possible themes and subthemes related to
each question, an inductive approach or bottom-up approach
(Patton, 1990) was taken to develop themes from the data.
Therefore, both approaches were adopted at different stages
of analysis.

The second decision was about the level of analysis. In this
research, our approach was a progression from semantic level
coding to latent coding. “With a semantic approach, the themes
are identified within the explicit or surface meanings of the
data, and the analyst is not looking for anything beyond what
a participant has said or what has been written” (Braun and
Clarke, 2006, p. 84). We proceeded to active search for themes
and revision of the themes that could help answer the research.
For example, what interviewees defined HF to be was initially
coded to “knowledge of the term” as part of context/ status
quo. In the course of the data analysis, more latent coding was
applied which “goes beyond the semantic content of the data, and
starts to identify or examine the underlying ideas, assumptions,
and conceptualizations and ideologies that are theorized as

shaping or informing the semantic content of the data” (Braun
and Clarke, 2006, p. 84). For example, parts of the transcript
indicated that experienced test users are needed while other
parts of transcript text indicated that inexperienced test users are
needed. We coded them separately into test user involvement
but at later stages it became coded into challenges regarding
the identification of the right test user through a systematic
method as it reflected on different practices and preferences
for selecting test users which latently reflected on different
usability criteria of applications and a lack of standardmethod for
user selection.

The third decision was about ensuring trustworthiness,
which is equivalent of the validity and reliability criteria in
quantitative research (Nowell et al., 2017). Trustworthiness can
be ensured through criteria of (1) credibility (the extent to
which the researcher has represented the interviewees’ view),
(2) transferability (being able to generalize the finding by
providing the context to the readers so that they can assess to
what extent the findings can be applied to their setting), (3)
dependability (providing a logical and trackable view of data
analysis), and (4) confirmability (showing that the interpretation
of the results and the conclusion are data driven) (Nowell
et al., 2017). In order to ensure rigor and trustworthiness of
the analysis, certain measures were taken at each phase as
indicated in the Figure 1 based on the guidelines in Nowell
et al. (2017). There were two independent coders that reviewed
the codes and discussed them repetitively until consensus was
reached. Having different coders and keeping a reflective journal,
helped reduce subjectivity caused by researcher’s position during
the analysis.

Finally, it is worth mentioning that we operated within post-
positivistic paradigm. This entails that true reality can only be
partly and imperfectly understood (Guba and Lincoln, 1994).
We took a constructionist epistemological approach where we
seek to understand the sociocultural and sociotechnical context
within which experience is produced and reproduced (Braun and
Clarke, 2006).

FIGURE 1 | An overview of the six-step analysis and trustworthiness measures per stage.
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RESULTS

The aim of this research was to investigate how HF is being
applied in IVT software development process. The interviews
were analyzed through thematic analysis. We present the results
in three categories: (1) the context, that gives information about
the status quo of application of HF in IVT development process
and its themes, (2) the challenges mentioned explicitly and
implicitly in applying enough HF to design and development
process, and (3) suggestions for improvements that can enhance
HF in IVT development process based on the interview data
and its themes. An overview of the themes and subthemes is
presented in Figure 2. Some quotes from the interviewees are also
provided to support the presented themes and subthemes.

Context
This category reflects on the current status of knowledge and
awareness of HF as a term, its implications and its sufficiency.
We first tried to understand whether the interviewees knew about
HF. Only five interviewees knew the termHF andwhat it implied.
Majority of the respondents did not know the term itself but
could explain how they applied it during development process.
If they did not know the term HF, we briefly explained that
HF was about considering human abilities and limitations when

designing/developing products/services to reduce human error
and increase performance and safety. The themes belonging to
context are presented next.

HF Is Perceived as Fulfilling Usability
The knowledge of the term HF was perceived mainly in terms
of (1) developing a system that is simple and intuitive to use,
and (2) including users in the design process, addressing the user
needs and integrating the best sides of humans and machines
to reinforce one another. Knowledge of the term amongst
the interviewees ranged from HF being a topic in line with
ergonomics and user experience, to an approach that creates a
superior unity of human and machine interaction by enhancing
the strengths of humans through technology. These were based
on the interviewees’ own interpretation of the term HF and they
were not given our definition of it. Therefore, there was no bias
introduced by the interviewers.

The Ways HF Is Applied Are Not Specific Enough and

It Varies in Scope
Most of the interviewees did not know the termHF, but they were
able to explain how they applied what they believed was HF, in the
design and development of IVT applications. Some interviewees
were in fact talking about why HF was applied rather than how

FIGURE 2 | An overview of categories and their respective themes and subthemes.
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it was applied. For example, they mentioned making a fluid
and simple system, ensuring simplicity, making good experience,
making a system that allows exploring new concepts and new
ergonomic possibilities. One interviewee mentioned that they
adopted lean and agile development process to deal with usability
needs as they arise. Therefore, certain responses were not specific
enough to show how exactly HF is applied in practice. Other
interviewees mentioned that they relied on their past experiences
and intuition in designing user interfaces, followed by iterative
testing or by testing different alternative solutions.

Other responses were more specific, for example, staying close
to the end user and the market, involving multiple stakeholders,
conducting requirement analysis, system functionality analysis
and how to use the system, defining objectives, defining
ergonomic needs, defining safety needs, anticipating user needs,
incorporating different scenarios, accounting for skills needed
to operate the system, and compatibility requirements between
the software and the users’ platforms. Regarding the methods of
collecting data, one interviewee mentioned that they automated
HF-related data collection in terms of performance, while others
mentioned interviews, workshops, prototype testing and on-site
trials. Two interviewees explicitly mentioned having a qualitative
and holistic approach of observing and interacting with the users
throughout the entire process.

User Centricity Emphasizes User Involvement
When it comes to end-user needs, many of the interviewees
report having a user-centric approach. One interviewee stated
that their goal was to adapt the technology to users’ way of
working rather than the other way around. This applied to the
way end users were already using existing interfaces, for example,
swiping the menu options on the displays rather than pressing
buttons on the display, and trying to adjust new interfaces to
existing habits associated with the older interfaces. Furthermore,
market trends, as well as ergonomic and practical requirements
seemed to be important factors to consider for building helpful
tools for the user.

A central part of the interviews was looking into how end users
were involved in the projects in terms of howmuch influence they
had in the development process. Most of the interviewees said
they had a user-centric focus in their approaches and that they are
in close cooperation with the end users. Whether the customers
approached them, or they approached the customers seemed to
vary, and for many this could depend on the project. For some
it was a co-creative brainstorming session together, while others
often started to develop the technology before approaching the
customers and without knowing their need and context.

Furthermore, many seemed keen on involving users as soon
as possible. End users were involved by giving feedback while
developers would evaluate the technical feasibility of the feedback
and further give advice to end users on how they can benefit
from the technology. One interviewee also mentioned that it was
important to build trust with the customers, and that many of the
customers wanted to help. Involving the customers would make
them feel proud and created a sense of ownership in customers.
A subtheme within this theme was about the acknowledgment of
the users’ knowledge. This subtheme is presented next.

The Significance of End User Knowledge and Need

Expression for Successful Solution
This subtheme presents the view of the interviewees about their
reliance on knowledge and expression of needs by users. One
interviewee highlighted the importance of the competencies of
their end users and that they were dependent on end users’
knowledge in the development project. This was the case for
a project where the developers did not have much competency
about the user’s task. Others also valued having customers with
different levels of knowledge with different backgrounds and
expertise who provided different points of views and comments.
Theymentioned that it is easier to work with customers who have
a better understanding of the technology, but there was still a
need for educating the end users.

Design Team and Management Are Responsible for

Sufficient HF Application
When the interviewees were asked about who would be
responsible for ensuring HF application, they responded that
when it came to user interfaces and user experience, the design
team is responsible for applying HF to their design. The
concept designer was mentioned specifically. The responsibility
for making sure that all the development processes make sense
and are explicit would be ideally dedicated to the project manager
or product owner. When this role is missing, for example,
due to budget limitations, then the Chief Technology Officer
was mentioned to be responsible for ensuring HF application
during development process. One interviewee commented that
the entire team needs to be responsible for HF and everyone
should ask themselves whether what they are doing would benefit
end users and if it made sense. None of the organizations
indicated that they had a dedicatedHF specialist involved, neither
internally nor externally. None of them had a clear division or
allocation of responsibility for HF in their organization.

HF Consideration in IVT Development Is Not

Sufficient
The interviewees were asked if they believed the HF application
during development process was enough or not and why. Those
who believed it was sufficient indicated that considering budget
limit, time pressure and high workload for the project in general,
the extent to which they incorporated HF was enough. Therefore,
it was a circumstantial “yes.” One interviewee commented that
since end users seemed happy and there were no further requests,
then there is no need for more HF in the development process.
However, they did not mention to what extent they sought
feedback after implementing the software. Others believed that
it would suffice to be agile and respond quickly to upcoming
requests by end users. Others mentioned that it is good, but it
can improve if the processes become more standardized and the
steps becomemore explicit. Most interviewees believed that there
was not enough consideration of HF in the development process.
This was due to a number of issues that were either mentioned
explicitly in response to the interview questions or derived from
the interview with regard to challenges of applying sufficient HF.
The themes that resulted from analysis are presented next.
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Challenges of IVT Development Process
That Can Influence Sufficient HF
Application
The interviews were analyzed for explicit and implicit indications
of the challenges that the interviewees face during development
process. These challenges could directly or indirectly influence
the HF application. These themes reflect on challenges regarding
the lack of awareness of HF’s importance, resources, market
inertia, multiple stakeholders and end users, lack of standardized
HF protocol and challenges of technology maturity. These
themes are further explained below.

Challenges Due to Lack of Perceived Value and

Dialogue About HF in Development
The lack of perceived value of HF was reflected through stronger
tendency of developers toward the technical side of human-
machine interaction system, as indicated in this quote:

Traditional human factors are trying to focus too much on the
human aspects and sacrifice everything from the machine part
to comply with the comfort and restrictions on needs of the
human, and then there is the opposite. Pure engineering discipline
where it’s all about the efficiency of the machine and then the
human operator

It was mentioned that some developers or engineers may tend
to avoid HF and rather create an impressive looking system “I
think that’s very tempting from an engineer point of view to try
to escape some of these steps and say we just make it look fancy.”
However, the lack of awareness is also a problem on the customer
side. It was mentioned that some customers are not aware of the
importance of HF: “They do not understand. They do not look
at it in that way [. . . ] It’s not an issue we can take up.” Another
example is “what we actually have a problem within the industry
is that we have to make the user (have) a seamless and a good
experience. It’s not (the kind of) values that they are used to
talk about.”

Challenges of Resources Allocation and the Extent of

the Engagement in the Project
This is one of the most prominent themes mentioned by
the interviewees about insufficient HF application. Start-ups
and entrepreneurs struggled financially and lacked funding,
manpower and time. One of the startups, that had financial
limitation, mentioned that they tried to spend their time
exploring new solutions and HF could not be prioritized when
they had financial struggles, as indicated in this quote:

Budget needs to be there; stuff needs to be there. I think everybody
more or less realizes the problem but it’s just the business reality
that it cannot be solved. It’s in the air, people are thinking about it,
but there’s no way to address the problem at this point.

The customers’ limited budget was another reason and that is
also the case for short-term projects. It was mentioned that
government did not give incentives for innovative technological
solutions that could help with obtainingmore resources. Another

challenge was convincing the customer regarding the importance
of HF and approaching those with decision-making power in the
right way to convince them to allocate more resources on HF, as
indicated in this quote:

For those who then have the resources, I think it’s getting to talk
to the decision makers in the right way. I mean that perspective,
research and reports who could say that this is a good way to do
training, that could be very important for us.

Not having enough resources and time to balance the workload
and HF requirements was another reason. Another challenge
regarding resources is estimating the project costs in advance
for innovative solutions where new protocols and many iterative
tests with users may be required.

Engagement in the project, in terms of duration, motivation
and participation was alsomentioned. Long-term projects benefit
from more thoroughness in HF, while short-term projects do
not, as shown in the statement that “I would say that the longer
the project, the more we think about the human factor.” In
short-term projects, there is a stricter limit on budget and time.
The support after the completion of the project is usually not
included for large-scale changes. That could mean that the after-
sales support for short-term projects can become an independent
project and a new contract would be needed. It was not clear if
this served any financial motivation from the interview data.

Long-term projects entail more ongoing relationship and
interaction between stakeholders. They can enhance the sense
of accountability, the need for building trust, and therefore
the motivation to be more thorough with HF. Furthermore,
regarding engagement it was also mentioned that the customers
should be willing to be more involved in the co-creation process,
show interest in learning about the technology and allocating
test users and test facilities on site, where developers can
run trial tests. The interviewees indicated that this could help
developers understand the users’ environment and context better.
Facilitating on-site presence and communication with the users
ensures that developers do not falsely assume that they have all
the necessary information needed to design a system or regarding
the end users.

Challenges Regarding the Market Inertia and

Conservatism
This is about market readiness for innovative and
groundbreaking technologies, such as IVT, for different use
cases and fields. It was mentioned that one of the challenges
for developers was the high level of skepticism amongst both
decision makers and potential users of IVT applications in
traditional and conservative industries. Some development
projects are initiated based on a demand by customers, while
others are initiated by developers and need to be marketed
to the potential customers. The latter may suffer more from
market inertia. Much of the work processes and communication
methods are old-fashioned and there is a sense of “why change
it if it works?” which makes it harder for developers to justify
the added value of their solution. This could lead them into
compromising HF expenditures to prove the business value of
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their solutions with less resource expenditures. It can also mean
that collaboration and support from market leaders are more
difficult to achieve. Less active participation could compromise
effective HF on individual, group and organizational levels. In
addition to that, the work and communication methods of the
developers and end users may be incompatible. Some industries
that could utilize remote collaboration platforms are still flying
to different locations for the same result of providing support
but refuse to change their ways of work, which reflects the role of
organizational factor and market inertia:

They have been working the traditional way of buying flight
tickets and go to the site for decades, and for them to be
able to access their processes to use remote collaboration, it’s a
big challenge and may take years to be able to fine tune their
processes. Even if financially it makes perfect sense, there’s just
massive inertia in the market.

Challenges of Involving Multiple Stakeholders and

End Users
This was a prominent theme where people talked about how
different parties viewed and appreciated HF differently. There are
two subthemes. Each subtheme is presented and elaborated on in
the following section.

Different Stakeholders Have Different Visions

and Requirements
One of the challenges in development process was determining
the project objectives for the different stakeholders. Sometimes
the enthusiasm level amongst the stakeholders does not balance
well with the practical limitations, leading to disappointments.
The managers may have one vision, the Research and
Development department may want to test the extreme limits of
what technology could do and how it can be harvested in years
from now, while the operators want a technology that helps them
with their task at hand. Satisfying all the various stakeholders
is difficult for developers. Furthermore, customers and end
users may not have enough knowledge and understanding of
technology and its limitations. Another challenge during the
development process is making assumptions that the developer
has enough information to do usability testing if they go to
the site and see the environment. There is still a need for
ensuring sufficient information and understanding is obtained.
Furthermore, having multiple suppliers means that the support
process for end user could be slower, and the end user would need
to find other ways to make sure that the work is ongoing. It is a
challenge to incorporate these aspects if sufficient information is
not acquired from the real end users.

An interesting response reflected on how visionaries in
organizations and developers are seeing a future of full
automation that the current operators do not see. This was one
reason why they did not give enough value to end user’s feedback
because the users do not see where the future is going. Developers
think that, for example, end users who are currently working
as operators, will be empowered to become technicians in the
future. However, at the same time they are deemed “less aware”
of the very future that awaits them and is decided for them:

We think that an operator or a technician will be needed quite
a few years ahead but the how they work will change a lot [. . . ]
we’re trying to empower the operators, so they become super
technicians. They can still do their great work.

Another factor mentioned was the bias in judgement and
evaluation of usability posed by different stakeholders. Managers
and decision-makersmay not have enough experience to evaluate
the usability on behalf of the end users. Meanwhile, some
developers mentioned that they did not think that all users are
technically “savvy” enough for their feedback to be considered
equally, even within the same organization. Another bias
mentioned was that software development tools are developed by
engineers and for engineers, hence there is not enough emphasis
on the users in tools. It is important to emphasize that some of
our interviewees showed that they have a different view of HF
than others, as can be seen in the following quote:

Software for drawings tend to bemade by engineers for engineers.
Of course, this means that lots of measuring tools. It’s even hurtful
to see, as an engineer myself, how little functionality they actually
are asking for. They just want their functionality. And they want
everything else to be going away. So, they want a veryminimalistic
user interface. We actually have one of our sayings that the best
user interface is no user interface.

Therefore, we want to emphasize that not all engineers and
developers have a biased view. Finally, the development of IVT
applications was mentioned to be prominently male driven and
therefore usability may be compromised for female users with
regard to certain features.

Identification, Inclusion and Collaboration With End User to

Promote Technology Use
Another challenge was defining the “right” end user to
be involved in the development process. The interviewees
mentioned both challenges of having inexperienced users who
may not be familiar with technology and therefore may not
give constructive feedback, as well as challenges of having
too experienced users whose comments are no longer “pure”
feedback. Therefore, it seems that different applications and use
cases require different experience levels of users, as seen in the
following quote:

I think the challenge always is to find new users, because if the
user becomes too familiar with the concept or the feature, then
it might not be the good user to test out. So, trying to find like a
first-time user, it’s a big challenge.

Another relevant quote is:

people are not using extended reality devices currently so much,
so we cannot get the real feedback. We can get first feedback from
the user, but they are not used to be in the Extended Reality, like
gamers who are all the time in the Extended Reality. They can give
us the best feedback.

It was mentioned that a wrong user would be the decision makers
that choose a solution or device that has low usability but is
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expensive. In-house testing was considered problematic since real
users were not involved as reflected in the following quote:

You are supposed to be wearing this (Head Mounted Display) for
several hours at a stretch. This one should be super comfortable
and it’s not. It has a worse balance than its predecessor. So, it’s
actually heavy which makes it fall over [. . . ] and then it becomes
evenmore uncomfortable. These are the givenmistakes. These are
things that happen because they only tried this one with managers
wearing them, who do not really have the experience. I have some
of my people work with it for ten minutes and they say, okay, this
one is not as good as I expected it to be. It is a shame because it
also costs billions of dollars for the computer hardware.

Another challenge was linked to the volition of use by end users.
If they are being watched by supervisors during consulting, they
may give false impressions of being happy and content with the
solution, in effort to avoid being seen as resistant to change.
However, if they struggle with technology use or if they do not
perceive it as useful, they may stop using it when they are not
being watched by their supervisors.

On-site involvement of end users in the design process can
be constrained by safety and accessibility challenges to the user
environment. Not every developer is active within safety-critical
industries, but for some of the developers, accessing the work
site is a challenge as they may need to wait a long time to
arrange for visits due to safety concerns, for example, their mere
presence and interaction with the end users on site could pose
a safety challenge. In addition to that, the safety requirements
and challenges for different IVT hardware, such as AR and VR
headset are different depending on which environment the user is
acting in. The developers need to access and understand the user’s
context to see how the software is used, transported, stored and
what are the safety criteria required on-site to lower the error rate.

Lack of Standardized HF Protocol in IVT Applications
Suboptimal standardization of HF requirements and procedures
in a wide range of IVT applications, industries and use cases
was another challenge to HF application, as mentioned by the
interviewees. Some developers are from the gaming industry and
some have been involved in more conservative or safety critical
industries, where the demands of the product could widely differ
as shown in this statement: “I think a lot of things are still in
quite intuitive level and they are not too much formal definitions
or documented procedures that you follow the steps and life will
be beautiful.”

Challenges of Technology Maturity, Infrastructure and

Compatibility
The responses showed that there is a lack of compatibility
between end users’ technology platforms and infrastructure
and what the developers design. This could compromise user
experience. End users may still be using two-dimensional
platforms, while the product is designed for three-dimensional
platforms. The lack of compatibility poses restriction for design
and development, as shown in the following quote:

We are working with industry, which means that a lot of devices,
can be very old. The system still has to run on whatever device
happens to be found in the pocket of the end user. So, I think that
is the biggest thing that creates problems.

In addition, the usual problems of system malfunction or
connectivity problem are also present. At the same time,
hardware and software evolve rapidly and developers need to
continuously update themselves to keep up with this pace.
Another problem is that despite the rapid advancement of IVT
technology, it is not yet mature enough to be applied widely
to its full potential. Furthermore, technical uncertainties and
dysfunctional design codes can delay the process, leading to the
need for further optimizations in the system.

Suggested Improvements to Enhance HF
in IVT Development Process
This theme reflects on the developers’ ideas about how HF
application in IVT development process can be enhanced. Three
subthemes are identified based on the interviewees’ comments.
These subthemes are presented next.

More End User Testing and Participatory Design

Approach
It was suggested that the process of involving end users should
be improved. A more diverse range of stakeholders should be
involved in development process. The test users should be cross
representative of all potential stakeholders to provide a wider
range of feedback. This would enhance the understanding of
usability for real users, see the following quote:

Currently mostly software users, coders and gamer, like me (are
involved in testing) and I think it is a negative side that we do not
have so much human testing. We do not know more about the
real thing in user computer interface that how people should use
the Extended Reality.

Testing should become more incremental during the
development process and more interest and initiative from
the user organization must be obtained. It was also suggested
that the focus must shift from technology to practical advantages
for the user, such as usability and learning outcome. The user
organizations should be willing to spend more time and dedicate
a test site to developers during the project, thus more testing can
be done in the users’ environment, as shown in the statements
that “I think the usual problem is that for example the customer,
could be involved more in these applications but they are usually
very tight on time” and “having a workspace where we could
do the prototyping, that would be good (for testing).” They
suggested that more time and resources should be allocated to
HF and more specialists should be involved. Furthermore, better
communication process and tools are also needed to improve
end users’ involvement. This can be through remote or digital
collaboration platforms.
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More Education and Awareness for all the

Stakeholders About HF and Its Scope
The responses from the interviewees showed that in order
to improve HF consideration, there is a need for increased
knowledge and awareness of what the term means and how to
apply HF in development of IVT, as shown in this statement:
“it would be very good if it would be a bit more explicit, a
bit clearer how things work and what is done and what is not
done.” The interviewees suggested having more resources and
more documentation on improving usability for IVTs, as well
as educating the developers and customers more on success
stories of how larger organizations have benefited from applying
HF. The development process would also benefit from staying
in a more balanced position in the human-machine interaction
spectrum, as shown in the following quote:

It is mentally very hard, and intuitively very hard to be objective
in these designs, and actually try to design a system that we
cannot give importance to the human. It is very unnatural for us
as humans to think that way unless we are for some part brute
engineer who thinks about efficiency of the machine. I think to
try to stay in the middle and objectively try to focus on how I can
reach the system goal in the best possible way, that is a baseline
golden kind of thing what we try to follow, and everything derives
from that.

More education is needed for both developers and customers,
about the importance but also about the breadth of the scope
of HF. This means that stakeholders should consider how the
technology would fit the broader sociotechnical system and how
different stakeholders will be affected by it. More communication
is needed to spread awareness and to help both the market and
the end users to be more open toward innovative solutions.

Training Needs Determination and Adjustment
There should bemore emphasis on identifying training needs and
outcomes using technology, as shown in this statement:

You also must keep in mind who are the target groups, what
is the learning target, what should be the learning or training
outcome and then you talk to technologists. We often talk about
technology. We should talk a lot more about learning outcome,
learning targets and choosing the right method to reach those
targets. And in some perspectives the VR is very good, and in
other perspectives the VR is not good at all.

The way in which the training is implemented, however, seems
to vary a lot among the companies. Different ways of offering
training were mentioned by the different interviewees, including
web-based e-learning packages with virtual training, in-built
training as the basic part of the application, game-based learning
platform, YouTube-video tutorials, demo sessions, and five
interviewees also mentioned about visiting the customers and
either spend the whole day or some hours to show them how
to use and how to set up the application. Meanwhile, for
some interviewees the training was not deemed necessary. This
variation in training methods could be explained by what was
the solution that was offered and how complicated it was. The

companies also vary in their opinions on how sufficient they
think the training is. One interviewee stated that the goal was
to empower the user enough so that training was not necessary.
Despite the differing view on training that was presented, most
interviewees shared the view that there is a need to learn and
adapt to the new technology for the years to come, for instance,
some have experienced that there was a low tolerance for
technical issues and difficulties among the users. They believed
that user organizations should be more responsible to determine
training needs for their users and should offer it themselves. They
also believed that end users should be more trained on how to use
IVT and be more up to date with the technology.

More HF and IVT Use Standardization and Better

Development Tools
This theme reflects on the need of more standardization
of how to apply HF and how to promote it amongst
developers. More knowledge sharing is needed, as shown in the
following statement:

I actually have no idea how other AR studios function, or
what their process is. It could be quite nice to maybe have AR
production process discussion with our colleagues and see how
they do things and what they found to work best. I do not know
who should do it. I think everyone should do it.

They also suggested having HF specialists involved in the process,
or a dedicated person that can focus only on HF. It was
also suggested that there is a need for standardization of the
technology hardware and software itself and having a standard
way of using, thus end users could learn easily. Having less
controllers and more intuitive way of using IVT was mentioned,
as indicated in this statement: “we are hoping that virtual reality
will either evolve to be without controllers, or there will be some
standardization.” In addition to better and more standardized
processes, the development tools should be improved as well.
One interviewee mentioned that the development tools should
also become more standardized and should be further refined.
Better manuals need to be developed as well for both developers
and potential end users.

DISCUSSION AND FUTURE IMPLICATIONS

The aim of this paper was to understand howHF is applied in IVT
development process. The context represented the Nordic region
and the interviewees represented a diverse group of developer
organizations of different sizes and market niches. IVT is a
fast-evolving technology with varied use cases and potentials in
different industries. Three research questions were investigated
through conducting interviews, to understand the context of HF
consideration in the development process of IVT, the challenges
and the improvements that could be made.

The results of the thematic analysis of the interviews revealed
that the majority of the interviewees across the fourteen
organizations were not familiar with the term HF, its constituent
elements, and its scope. This could be because the term HF
is defined differently based on the discipline and educational
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background (Capretz, 2014), and it can be rather abstract and
quite broad in scope (Laumann et al., 2018). Furthermore,
this knowledge may not be accessible to everyone outside
academia or certain industries (Shorrock and Williams, 2016).
HF encompasses many disciplines, many steps and categories
of analyses that are not always distinct from one another.
Furthermore, the term involves individual level, group level,
organizational level and sociotechnical level factors (Laumann
et al., 2018). However, most of the current HF literature are at
the individual level (Laumann et al., 2018). If most developers
are not aware of HF, they cannot apply it. However, when the
interviewees explained how they applied HF, we could see that
some of them had a better understanding of the scope of the
HF than others. Therefore, although it is difficult to expect that
a developer applies HF at every level, it can be expected that they
are aware of the significance and breadth of HF. Nevertheless,
regarding how they applied HF in their work, they mentioned
about adopting an iterative process, involving users and carrying
out usability testing. One interviewee mentioned that they
adopted agile development approach to deal with usability needs.
However, Larusdottir et al. (2014) found that an agile approach
was not always as responsive to users’ needs as assumed and it
was not always aligned with user-centered design. The current
state of HF is marked by the lack of sufficient knowledge and
awareness of the term and its application. Furthermore, not
every interviewee had a clear understanding of the standards that
should be followed regarding HF.

ISO offers standard processes, but it could be that not every
practitioner has access to ISO or that they are not required
to abide by it. It can be that due to the vast application
and requirement for customization, the standards are not as
detailed and customized. It can also be that some developers
have gained their expertise through experience rather than
through education, or those working in smaller organizations,
may not know about all the standards. In the future research, we
should ask about the extent of awareness and adherence to the
ISO recommendations.

We compared the definitions and perceptions of the
interviewees with the definitions provided by ISO. This
comparison showed that the definitions and the application
of HF from the perspective of the interviewees was perceived
to be about enhancing the interaction between human and
the elements of the system to improve the overall system
performance. This was consistent with the first part of the ISO
definition of the term HF. However, not everyone was aware
of the term, and therefore, also not aware of the tasks of an
HF professional, as indicated in the second part of the ISO
definition. Furthermore, the perception of the term “system”
was different among interviewees. Some interviewees referred
to system as the technological product or the service that the
human-technology interaction could offer, while others named
more elements of the system, such as “multiple stakeholders” that
are involved. The term system in ISO is defined as a “combination
of interacting elements organized to achieve one or more stated
purposes” (ISO/IEC, 2018) and other definitions mentioned in
section Introduction, provided a more holistic approach to the
term system, compared to the ISO definition. Therefore, we

believe that it is not surprising that the perceptions of the term
system are varied amongst interviewees. There is also a difference
between the HF expert’s view of the term system compared to
some of the designers and developers. The focus and the scope are
narrower for developers and designers, but they are not wrong,
nor inconsistent with the ISO definition of the word system.
One of the improvements could therefore be to clarify the term
“system” and what it entails for different stakeholders involved.

In the field of HF, the term system is perceived to extend to
the sociotechnical context and is seen as a more holistic term.
However, as a system is composed of its components that have
a relation to each other and interact, a software can be regarded
as a system as well. Therefore, the difference in the disciplines,
and knowledge and awareness of the other disciplines and their
paradigms, plays a role in how “system” is defined and what this
word brings to the mind of a HF expert vs. a software developer.
This was also reflected in the interviews where the word system
was more often used to refer to the technology itself or the
user-technology interaction, rather than the broader scope. This
highlighted difference is also another reason why HF is not fully
appreciated for its breadth in practice.

The interviewees’ implications about perceiving the term
usability were quite thorough. ISO defined usability to be “extent
to which a system, product or service can be used by specified
users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” (ISO/IEC, 2018). In
general, we believe that the interviews mentioned many criteria
that covered this definition, such as simplicity, learnability,
intuitiveness, ergonomic design, availability amongst others in
their interviews, showing that the term is more familiar than
the term HF. Regarding the user or human-centered design,
ISO defined the term to be an “approach to system design
and development that aims to make interactive systems more
usable by focusing on the use of the system; applying human
factors, ergonomics and usability knowledge and techniques.”
The application of HF is implied but despite the fact that most
interviewees mentioned to be user-centric, few of them knew
the term HF, which has the goal of creating user centered
systems. The interviews also showed that they applied user-
centered design in different ways and the challenge of selecting
the right user was also mentioned. The definition of user
centered design is more thorough but perhaps too general.
This implies that in practice, there will be more deviations and
customizations than what ISO suggests. This is also because the
challenges of design and development, per project, are different.
Therefore, it is not surprising to see differences between ISO
and interpretations or practices by the software developers. It
again reflects back on the importance of converging research and
practice (Stolterman, 2008), and to see how and why guidelines
and practices could differ.

Furthermore, as HF needs to be further clarified, IVT
taxonomy, application and use cases need to be clarified,
standardized and more explicit. There is a plethora of use
cases across industries currently for IVT. This poses a serious
challenge for introducing one unique ISO guideline for all the
stakeholders in this field. However, creating a knowledge bank
and promoting cross-communication can promote knowledge
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sharing and accessibility. This can become a challenge in today’s
competitive market and patent-driven technology development.
However, industries can start by clarifying what is the usability
criteria for different industrial use cases. Concepts such as
realism, immersion and their trade-off (Jerald, 2015) need to be
more researched and standardized.

In this section, we present further suggestions, in addition
to what was suggested by the interviewees, on what could be
done to improve HF consideration and application in IVT
development process.

HF Should Be Allocated to Experts at Each
Level of HF
HF responsibility at each level should be allocated to experts
in that particular level. For example, designers and developers
deal mostly with individual level, such as user need analysis,
task analysis and function analysis (Laumann et al., 2018).
At this level, they can benefit from expert opinions on these
matters. In this case, it will be the real end users. If an HF
specialist would be recruited in the project at this stage, he
or she would have to know about physiology, cognition and
individual limitations of the user. At the next level, group
and organizational levels, other experts need to be involved.
Decision makers, such as managers and organizational scientists
or HF experts with organizational design knowledge, can be
included to re-design work tasks, work environment, scheduling
design, balance resources, facilitate communication, training and
user participation (Vicente, 2003; Wickens et al., 2004). This
consideration is important because “a lack of consideration
for organizational culture and standard practice is another
problem of transferring HCI values, and practices to [software
engineering] processes” (Ogunyemi and Lamas, 2014, p. 4).
This would require adjustment in organizational strategies
on both developer and customer sides (Rauch and Wilson,
1995; Venturi et al., 2006). Wilson (2014) explained that some
organizations appoint their HF experts to one level, such
as design, development, safety, training for example, while
other organizations may appoint the HF experts to all the
levels. However, if there are not enough HF experts in large
organizations, they may either become marginalized or they may
blend in to perspective of that level at the cost of losing the more
holistic perspective (Wilson, 2014). Therefore, we believe that for
each HF level, people who have expertise in addressing issues and
necessities on that particular level should be involved. They also
need to cross-communicate, thus educating one another across
levels in order to cover the entire scope of HF in sociotechnical
system (Venturi et al., 2006). We would like to add that HF
experts have a broad base of knowledge that should not be limited
to only one specific level. They have the ability to see the links
and apply the knowledge across different levels and this expertise
should be made use of. The literature suggested involving a HF
specialist (Sætren et al., 2016). The problem is that if the term
HF is unclear, the expectation of what a HF specialist must
do is also unclear. The supposed areas of expertise for an HF
specialist is too wide. It includes physiology, cognition, software
development, organizational management and sociology. There

should be more knowledge about what could be expected from
HF specialists and how they can be supported by other experts
in organizations.

Another factor to consider is that recruiting an HF specialist
should not stop developers’ need for more education about
HF. The need to learn about HF and applying it in design,
should become a standard procedure, not an add-on feature
for developers. In addition, hiring an HF specialist will not
automatically address the issue if the given role is more of a
consulting role, where the HF specialist does not have significant
influence in the development process (Iivari, 2006) and the
decision making. We believe that a dedicated multidisciplinary
team, with expertise related to each level working with HF
experts, and a dedicated project manager could be a practical
approach to improve HF application.

Organizational Strategy Can Balance
Resource Allocation
Most interviewees indicated HF was not applied enough due
to limited resources. One of the interviewees who gave this
reason also mentioned how they continuously explored new
opportunities. This requires time which is also a form of resource.
Both start-ups and established organizations mentioned the lack
of resources to result in the lack of HF. If every organization
struggles with allocating resources to HF, the problem may lie
with prioritization or balancing the resources, rather than the
lack of it. Therefore, the organizational strategy in both developer
and user organizations need to be adjusted to prioritize HF.
However, not every organization took a passive approach. There
were two organizations that stated how they stayed very close to
the end user and focused on bringing value to the end user from
the start of the design and development process. Therefore, we
believe that adjusting organizational strategy and communicating
that HF is an inherent and essential part of development, not only
internally but also externally to the customers, will encourage
resource allocation toHF (Rauch andWilson, 1995; Venturi et al.,
2006).

The management will also need to take lead in balancing the
resource allocation, negotiating with the customers about the
cost vs. benefits of HF and showing the success stories of how it
can promote long-term use and benefit. One of the interviewees
mentioned that everyone knows HF should be emphasized more,
but nobody wants to talk about it, which is aligned with the
findings in Rauch and Wilson (1995), Bygstad et al. (2008).
Managers can bring this topic into organizational discussions and
encourage this approach by investing in it.

Further Education and Training for Both
Developers and User Organizations and
Co-creative Designing
Some interviewees blamed the lack of knowledge of customers for
compromised HF. However, they did not mention to what extent
they actually includedHF clauses in their contract negotiations. If
the customer is well-informed about the importance of HF, they
would not knowingly neglect it if they were aware of financial
payback in the long term. Nevertheless, the different customers in
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different industries must also educate themselves. They must try
to understand both potentials and limitations of the technology if
they want to empower their employees through human-machine
interaction solutions. Furthermore, they must not assume that a
developer or an engineer can understand every aspect of the end
user’s task and context. They should actively promote interactive
and co-creative innovation and dedicate a multidisciplinary
team to encourage early-stage communication and information
exchange. This leads to cross-education. The shared knowledge
will further facilitate future technology implementations.

The clarification of usability criteria can also help with
selection of the right users to be involved in the development
process. Once that is known, the developer and user
organizations can create dedicated multidisciplinary groups
where the right end users are identified and their needs are
prioritized, and then communicated to the project team. This
can help aligning the visions of different stakeholders which
was one of the challenges of developers. The bias in judgments
and design can be amended by diversity and end-user centricity
as opposed to customer- centricity. The inclusion of the right
end user and the support of the project team will create a sense
of ownership and accountability for the co-creation process
(Boivie et al., 2003). This can enhance volition of use and brings
long-term benefits for the IVT solution in the user organization.

Reflections on the Potential Training
Structure and Scope to Enhance HF
We propose that training should become more standardized for
both user organizations and developer organizations. It should
perhaps begin by showing the value of the HF consideration
by displaying how the industries, that have applied HF, have
benefited from doing so. It can show success stories and failure
stories to capture attention in both target audiences. Training in
HF is usually associated with preparing the end users mentally
and physically for different job situations (Wickens et al., 2004).
The end users training has often been discussed, but we would
like to add the importance of training that targets attitude about
giving honest feedback, meaning that they should learn to give
salient feedback and do not hold back due to conformity. It also
aligns with promoting a questioning culture amongst end users
where a healthy level of resistance, and being critical, can enhance
safety through enhancing HF (Sætren and Laumann, 2014).

The developer training should bring awareness about the
psychological principles that influence both end users and
developers and how to account for these principles. Developers
are prone to the same psychological and cognitive propensities
as anyone else and these cause a bias in judgement in design.
They should be trained to be aware of the occurrence of biases,
spot and act against dysfunctional patterns that could arise
due to these propensities, such as confirmation bias and sunk-
cost fallacy (Vicente, 2003). Confirmation bias is about seeking
information that proves our point of view and dismissing what
opposes our point of view (Wason, 1959; Nickerson, 1998).
Sunk-cost fallacy is about continuing to invest in a lost cause,
in hope of recuperating it (Arkes and Blumer, 1985). When,
a minimum viable product is developed and time and budget

has been invested already, non-confirmatory feedback from HF
specialist and/or end users may not be received well. It may
introduce new and non-confirmatory information that may
be unwelcome. Prevention can be done through training on
spotting and reducing biases (Nickerson, 1998), which could be
considered as part of the organizational training. Furthermore,
conducting more empirical research and actively look for
information that is disconfirming can help overcome biases
(Stacy and Macmillan, 1995).

It was mentioned in the literature that the software issues were
often not physical factors, but they were psychological factors
(Vicente, 2003). It can be because quantitative data on physical
side of usability and design are prioritized over the psychological
side of usability and design. More training on different methods
of data collection, both quantitative and qualitative and more
openness to different methods should be provided to developers.
It can enhance developers’ appreciation of not only the hard
factors of design but also the soft factors (Wickens et al., 2004),
such as the adjustment of work schedule and duration of using
an IVT software with regard to human limitations, or the
design of the work environment to mention a few (Vicente,
2003). This requires a training on adopting system thinking
where both humanistic and mechanistic views are considered
to understand the complexity of a system. This is a shift in
paradigm from mechanistic or reductionist view into a more
human-technology approach that is more characteristic of our
modern world complex systems (Wickens et al., 2004; Oliveira
et al., 2020).

At the organizational level, training should bring awareness
to how resources are allocated and what that implies in the day-
to-day prioritization of tasks under time limit. This expands
to awareness of the incentive structure. Managers should be
trained to be more mindful of their indirect communication
through resource allocation. They should be trained to start a
dialogue about HF-related topics that may not be given their
duly place in both intra and inter-organizational dialogues. They
should be trained on conducting HF cost-benefit analyses at the
onset of new technology implementations. This will enhance
organizational performance in the long run.

A shift in paradigm is needed. Most safety critical-industries,
where HF was researched in, had traditionally adopted a
mechanistic view, where focus is primarily on hardware and
software, but have shifted toward a more human-technology
approach and it must happen before it is too late (Vicente, 2003).
We argue that this shift should expand to all other industries
involving an interaction between human and technology.

LIMITATION AND FUTURE WORK

As mentioned in section Participants, the interviewees came
from the organizations that worked on the software-side of
IVT applications. With respect to hardware, most interviewees
were limited to what they or their clients already had in their
possession, what fitted their existing platforms, what they were
familiar with and/or what fits within the client’s budget (see
sections Challenges of Resources Allocation and the Extent of
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the Engagement in the Project and Challenges of Technology
Maturity, Infrastructure, and Compatibility) This resulted in
less discussion of the hardware side of IVT applications
in the interviews, even though what the software could do
is highly dependent on the chosen hardware. Selecting the
intended hardware based on HF considerations is also an equally
important consideration, since hardware can also have direct
implications on users’ performance and experience when using
IVT applications (Aukstakalnis, 2016). It is known that there
is a correlation between technology specifications and users’
sense of presence, although not all technology specifications
had equal effects on users’ sense of presence (Bowman and
McMahan, 2007; Cummings and Bailenson, 2016). When the
budget for IVT development is limited, it is advised to put more
resources on hardware that offers stereoscopic vision, wider field
of view and better tracking, since these specifications have higher
influence on users’ sense presence (Cummings and Bailenson,
2016). Nevertheless, it would also be interesting to conduct
a similar study with more emphasis on the hardware side of
IVT applications.

CONCLUSION

The aim of this paper was to understand how HF is being applied
in IVT development process across diverse industries. Three
main questions were asked for this purpose: what is the status
quo of HF in IVT software development?What are the challenges
facing developers in applying sufficient HF? And how can HF
application for IVT be improved? The answers to these questions
helped to understand that HF application in IVT process is
not well-understood by developers in its full scope, but it was
partly practiced through usability testing and early end-user
involvement in iterative design process. However, it is not applied
enough. The challenges regarding the suboptimal HF application
expanded from lack of awareness and knowledge of HF, to
resource allocation, market inertia and multiple stakeholders
that were involved in the process and their conflicting visions,
biases, needs and selecting the right users to be involved in
the process. Lack of standardization of HF protocol and IVT
use, as well as the challenges regarding technology maturity and
compatibility were also mentioned. Improvements suggested are
as follow: (1) HF should be allocated to expert at each level of
HF, (2) organizational strategy can balance resource allocation,
and (3) further education and training for both developers and
user organizations and co-creative designing. This will enhance

knowledge sharing regarding usability criteria, helping to identify
the “right” users to be included at each level of HF, aligning
the visions of different stakeholders, overcoming bias through
diversity of stakeholders and specificity of participants and expert
at each level of HF and its stages to ensure a user centricity.
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VR and Its Potential for Europe. Belgium: Brussels.

Boivie, I., Åborg, C., Persson, J., and Löfberg, M. (2003). Why usability gets lost
or usability in in-house software development. Interact. Comput. 15, 623–639.
doi: 10.1016/S0953-5438(03)00055-9

Bowman, D. A., and McMahan, R. P. (2007). Virtual reality: how much immersion
is enough? Computer 40, 36–43. doi: 10.1109/MC.2007.257

Boyatzis, R. E. (1998). Transforming Qualitative Information Thematic Analysis

and Code Development. Thousand Oaks, CA: SAGE Publications.
Braun, V., and Clarke, V. (2006). Using thematic analysis in psychology.Qual. Res.

Psychol. 3, 77–101. doi: 10.1191/1478088706qp063oa

Frontiers in Psychology | www.frontiersin.org 14 March 2021 | Volume 12 | Article 634352

https://www.frontiersin.org/articles/10.3389/fpsyg.2021.634352/full#supplementary-material
https://doi.org/10.1016/0749-5978(85)90049-4
https://doi.org/10.1016/S0953-5438(03)00055-9
https://doi.org/10.1109/MC.2007.257
https://doi.org/10.1191/1478088706qp063oa
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Saghafian et al. Human Factors in IVT Development Process

Brinck, T. B., Bunyan, J., Gergle, D., Wood, S. D., Blythe, D., and McReynolds, T.
(2002). Designing Web Sites That Work: Usability for the Web. San Francisco,
CA: Morgan Kaufmann Publishers.

Bygstad, B., Ghinea, G., and Brevik, E. (2008). Software development methods
and usability: perspectives from a survey in the software industry in Norway.
Interact. Comput. 20, 375–385. doi: 10.1016/j.intcom.2007.12.001

Calp, M. H., and Akcayol, M. A. (2015). The importance of human-computer
interaction in the development process of software projects. Global J. Informat.

Technol. 5, 48–54. doi: 10.18844/gjit.v0i0.114
Capretz, L. F. (2014). Bringing the human factor to software engineering. IEEE

Software 31, 102–104. doi: 10.1109/MS.2014.30
Cummings, J. J., and Bailenson, J. N. (2016). How immersive is enough? A meta-

analysis of the effect of immersive technology on user presence. Media Psychol.

19, 272–309. doi: 10.1080/15213269.2015.1015740
Dillon, A., Sweeney,M., andMaguire,M. (1993). “A survey of usability engineering

within the european it industry-current practice and needs,” in People and

Computers VIII, edited by J. L. Alty, D. Diaper, and S. Guest (Loughborough:
Cambridge University Press), 81–94.

Guba, E. G., and Lincoln, Y. S. (1994). “Competing paradigms in qualitative
research,” inHandbook of Qualitative Research, eds N. K. Denzin, Y. S. Lincoln.
(London: Sage Publications), 105–117.

Gulliksen, J., Boivie, I., Persson, J., Hektor, A., and Herulf, L. (2004). “Making a
difference: a survey of the usability profession in Sweden.” in Proceedings of

the Third Nordic Conference on Human-Computer Interaction - NordiCHI ’04.
(New York, NY: ACM Press), 207–15. doi: 10.1145/1028014.1028046

Holzinger, A., Searle, G., and Wernbacher, M. (2011). The effect of previous
exposure to technology on acceptance and its importance in usability
and accessibility engineering. Universal Access Inform. Soc. 10, 245–260.
doi: 10.1007/s10209-010-0212-x

Iivari, N. (2006). Representing the user’ in software development—a cultural
analysis of usability work in the product development context. Interact.

Comput. 18, 635–664. doi: 10.1016/j.intcom,.2005.10.002
ISO/IEC (2018). ISO 9241-11:2018(En), Ergonomics of Human-System

Interaction — Part 11: Usability: Definitions and Concepts. Geneva:
International Standard Organization.

Jerald, J. (2015). The VR Book. New York, NY: Association for Computing
Machinery. doi: 10.1145/2792790

Karray, F., Alemzadeh, M., Saleh, J. A., and Arab, M. N. (2008). Human-computer
interaction: overview on state of the art. Int. J. Smart Sensing Intelligent Systems

1, 137–159. doi: 10.21307/ijssis-2017-283
Keshavarz, B., and Hecht, H. (2012). Stereoscopic viewing enhances visually

induced motion sickness but sound does not. Presence Teleoperators Virtual

Environments. 21, 213–228. doi: 10.1162/PRES_a_00102
Kirwan, B., and Ainsworth, L. K. (1992). A Guide to Task Analysis: The Task

Analysis Working Group. London: Taylor & Francis.
Larusdottir, M., Cajander, Å., Gulliksen, J., Cockton, G., Gregory, P., and

Salah, D. (2014). “On the integration of user centred design in agile
development.” In Proceedings of the 8th Nordic Conference on Human-

Computer Interaction: Fun, Fast, Foundational. (New York, NY: ACM), 817–20.
doi: 10.1145/2639189.2654836

Laumann, K., Rasmussen, M., and Boring, R. L. (2018). A literature study to
explore empirically: what is the scientific discipline of human factors and what
makes it distinct from other related fields. Adv. Intell. Syst. Comput. 589, 63–73.
doi: 10.1007/978-3-319-60645-3_7

Milch, V., and Laumann, K. (2018). Interorganizational complexity—main
challenges and opportunities in the petroleum industry. Safety Reliability.

173–180. doi: 10.1201/9781351174664-22
Moss, J. D., and Muth, E. R. (2011). Characteristics of head-mounted

displays and their effects on simulator sickness. Hum. Factors 53, 308–319.
doi: 10.1177/0018720811405196

Murtza, R., Monroe, S., and Youmans, R. J. (2017). “Heuristic evaluation
for virtual reality systems,” in Proceedings of the Human Factors and

Ergonomics Society Annual Meeting 61, 2067–2071. doi: 10.1177/15419312136
02000

Nickerson, R. S. (1998). Confirmation bias: a ubiquitous phenomenon in many
guises. Rev. General Psychol. 2, 175–220. doi: 10.1037/1089-2680.2.2.175

Nielsen, J. (1993). Usability Engineering. San Diego, CA: Academic
Press.

Nowell, L. S., Norris, J. M., White, D. E., and Moules, N. J. (2017). Thematic
analysis: striving to meet the trustworthiness criteria. Int. J. Qual. Methods 16,
1–13. doi: 10.1177/1609406917733847

Ogunyemi, A., and Lamas, D. (2014). “Interplay between human-computer
interaction and software engineering,” in 9th Iberian Conference on

Information Systems and Technologies (CISTI) (Barcelona: IEEE), 1–10.
doi: 10.1109/CISTI.2014.6877024

Oliveira, B. G., Liboni, L. B., Cezarino, L. O., Stefanelli, N. O., and
Miura, I. K. (2020). Industry 4.0 in systems thinking: from a narrow
to a broad spectrum. Syst. Res. Behav. Sci. 37, 593–606. doi: 10.1002/sre
s.2703

Pascal, A., Thomas, C., and Romme, A. G. L. (2013). Developing a human-
centred and science-based approach to design: the knowledge management
platform project. British J. Manag. 24, 264–280. doi: 10.1111/j.1467-8551.2011.0
0802.x

Patton, M. Q. (1990). Qualitative Evaluation and Research Methods. 2nd ed.
Newbury Park, CA: SAGE Publications.

Pierre, M. E. S., Banerjee, S., Hoover, A. W., and Muth, E. R. (2015). The effects
of 0.2Hz varying latency with 20–100ms varying amplitude on simulator
sickness in a helmetmounted display.Displays 36, 1–8. doi: 10.1016/j.displa.201
4.10.005

Rauch, T., and Wilson, T. (1995). UPA and CHI surveys on usability
processes. ACM SIGCHI Bull. 27, 23–25. doi: 10.1145/221296.2
21303

Rosenbaum, S., Rohn, J. A., and Humburg, J. (2000). “A toolkit for strategic
usability,” in Proceedings of the SIGCHI Conference on Human Factors in

Computing Systems - CHI ’00, (New York, NY: ACM Press), 337–344.
doi: 10.1145/332040.332454

Sætren, G. B., Hogenboom, S., and Laumann, K. (2016). A study of
a technological development process: human factors—the forgotten
factors? Cognition Technol. Work 18, 595–611. doi: 10.1007/s10111-01
6-0379-x

Sætren, G. B., and Laumann, K. (2014). Effects of trust in high-risk
organizations during technological changes. Cognition Technol. Work 17,
131–144. doi: 10.1007/s10111-014-0313-z

Salas, E., Wilson, K. A., Priest, H. A., and Guthrie, J. W. (2006).
“Design, delivery, and evaluation of training systems,” in
Handbook of Human Factors and Ergonomics, (Hoboken, NJ:
John Wiley & Sons, Inc), 472–512. doi: 10.1002/047004820
4.ch18

Shorrock, S. T., and Williams, C. A. (2016). Human factors and ergonomics
methods in practice: three fundamental constraints. Theoretical Issues

Ergonomics Sci. 17, 468–482. doi: 10.1080/1463922X.2016.1155240
Stacy, W., and Macmillan, J. (1995). Cognitive bias in software

engineering. Commun. ACM 38, 57–63. doi: 10.1145/203241.2
03256

Stanney, K. M., Mourant, R. R., and Kennedy, R. S. (1998). Human
factors issues in virtual environments: a review of the literature. Presence
Teleoperators Virtual Environments 7, 327–351. doi: 10.1162/1054746985
65767

Stolterman, E. (2008). The nature of design practice and implications for
interaction design research. Int. J. Design 2, 55–65. Available online at: http://
ijdesign.org/index.php/IJDesign/article/view/240/148

Sundblad, Y. (2011). “UTOPIA: participatory design from scandinavia to the
world.” In IFIP Conference on History of Nordic Computing (Springer),
176–186. doi: 10.1007/978-3-642-23315-9_20

Sutcliffe, A. G., Poullis, C., Gregoriades, A., Katsouri, I., Tzanavari,
A., and Herakleous, K. (2019). Reflecting on the design process for
virtual reality applications. Int. J. Hum. Comput. Interact. 35, 168–179.
doi: 10.1080/10447318.2018.1443898

Venturi, G., Troost, J., and Jokela, T. (2006). People, organizations, and
processes: an inquiry into the adoption of user-centered design in industry.
Int. J. Hum. Comput. Interact. 21, 219–238. doi: 10.1207/s15327590ijhc2
102_6

Vicente, K. (2003). The Human Factor: Revolutionizing the Way People Live with

Technology. New York, NY: Routledge.
Vovk, A., Wild, F., Guest, W., and Kuula, T. (2018). “Simulator sickness

in augmented reality training using the microsoft HoloLens,” in CHI ’18:

Frontiers in Psychology | www.frontiersin.org 15 March 2021 | Volume 12 | Article 634352

https://doi.org/10.1016/j.intcom.2007.12.001
https://doi.org/10.18844/gjit.v0i0.114
https://doi.org/10.1109/MS.2014.30
https://doi.org/10.1080/15213269.2015.1015740
https://doi.org/10.1145/1028014.1028046
https://doi.org/10.1007/s10209-010-0212-x
https://doi.org/10.1016/j.intcom
https://doi.org/10.1145/2792790
https://doi.org/10.21307/ijssis-2017-283
https://doi.org/10.1162/PRES_a_00102
https://doi.org/10.1145/2639189.2654836
https://doi.org/10.1007/978-3-319-60645-3_7
https://doi.org/10.1201/9781351174664-22
https://doi.org/10.1177/0018720811405196
https://doi.org/10.1177/1541931213602000
https://doi.org/10.1037/1089-2680.2.2.175
https://doi.org/10.1177/1609406917733847
https://doi.org/10.1109/CISTI.2014.6877024
https://doi.org/10.1002/sres.2703
https://doi.org/10.1111/j.1467-8551.2011.00802.x
https://doi.org/10.1016/j.displa.2014.10.005
https://doi.org/10.1145/221296.221303
https://doi.org/10.1145/332040.332454
https://doi.org/10.1007/s10111-016-0379-x
https://doi.org/10.1007/s10111-014-0313-z
https://doi.org/10.1002/0470048204.ch18
https://doi.org/10.1080/1463922X.2016.1155240
https://doi.org/10.1145/203241.203256
https://doi.org/10.1162/105474698565767
http://ijdesign.org/index.php/IJDesign/article/view/240/148
http://ijdesign.org/index.php/IJDesign/article/view/240/148
https://doi.org/10.1007/978-3-642-23315-9_20
https://doi.org/10.1080/10447318.2018.1443898
https://doi.org/10.1207/s15327590ijhc2102_6
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Saghafian et al. Human Factors in IVT Development Process

Proceedings of the 2018 CHI Conference on Human Factors in Computing

Systems, (New York, NY: ACM). doi: 10.1145/3173574.3173783
Wason, P. C. (1959). The processing of positive and negative information.

Quarterly J. Exp. Psychol. 11, 92–107. doi: 10.1080/174702159084
16296

Wickens, C. D., Lee, J., Uu, V., and Becker, S. G. (2004). An Introduction to Human

Factors Engineering. 2nd ed. Upper Saddle River, N.J: Pearson Prentice Hall.
Wilson, J. R. (2014). Fundamentals of systems ergonomics/human factors. Appl.

Ergonomics 45, 5–13. doi: 10.1016/j.apergo.2013.03.021
Yanyan, Z., and Renzuo, X. (2008). “The basic research of human factor analysis

based on knowledge in software engineering,” in 2008 International Conference

on Computer Science and Software Engineering, (Wuhan: IEEE), 5:1302–1305.
doi: 10.1109/CSSE.2008.219

Conflict of Interest: TAS was employed by company CrossControl AB.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Saghafian, Sitompul, Laumann, Sundnes and Lindell. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Psychology | www.frontiersin.org 16 March 2021 | Volume 12 | Article 634352

https://doi.org/10.1145/3173574.3173783
https://doi.org/10.1080/17470215908416296
https://doi.org/10.1016/j.apergo.2013.03.021
https://doi.org/10.1109/CSSE.2008.219
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Application of Human Factors in the Development Process of Immersive Visual Technologies: Challenges and Future Improvements
	Introduction
	Theoretical Background
	HF Application in the System Design and Development Process
	Human-Computer Interaction and User-Centered Design
	HF Considerations in IVT
	Factors That Influence HF Applications

	Method
	Participants
	Data Collection
	Data Analysis

	Results
	Context
	HF Is Perceived as Fulfilling Usability
	The Ways HF Is Applied Are Not Specific Enough and It Varies in Scope
	User Centricity Emphasizes User Involvement
	The Significance of End User Knowledge and Need Expression for Successful Solution

	Design Team and Management Are Responsible for Sufficient HF Application
	HF Consideration in IVT Development Is Not Sufficient

	Challenges of IVT Development Process That Can Influence Sufficient HF Application
	Challenges Due to Lack of Perceived Value and Dialogue About HF in Development
	Challenges of Resources Allocation and the Extent of the Engagement in the Project
	Challenges Regarding the Market Inertia and Conservatism
	Challenges of Involving Multiple Stakeholders and End Users
	Different Stakeholders Have Different Visions and Requirements
	Identification, Inclusion and Collaboration With End User to Promote Technology Use

	Lack of Standardized HF Protocol in IVT Applications
	Challenges of Technology Maturity, Infrastructure and Compatibility

	Suggested Improvements to Enhance HF in IVT Development Process
	More End User Testing and Participatory Design Approach
	More Education and Awareness for all the Stakeholders About HF and Its Scope
	Training Needs Determination and Adjustment
	More HF and IVT Use Standardization and Better Development Tools


	Discussion and Future Implications
	HF Should Be Allocated to Experts at Each Level of HF
	Organizational Strategy Can Balance Resource Allocation
	Further Education and Training for Both Developers and User Organizations and Co-creative Designing
	Reflections on the Potential Training Structure and Scope to Enhance HF

	Limitation and Future Work
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


