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The Bias of ,Instructional Systems for the Disabled”

Ethnographic insights from deploying augmented reality in a sheltered workshop

David Kostolani, TU Wien, Annemarie Ploss, Wien Work integrative Betriebe und
AusbildungsgmbH, Sebastian Schlund, TU Wien

The rehumanization of industrial work has emerged as a key focus in Industry
4.0 research, emphasizing the empowerment of human workers amidst advancing
automation. Within this research, supporting workers with disabilities through
digital assistance technologies serves as a prime example of a human-centric
approach to industrial engineering. These technologies often claim to enhance
productivity, which aims to promote the integration of workers with disabilities
in industrial roles. But can they genuinely improve their work experience? This
ethnographic study presents insights from two years of developing and deploying
augmented reality in a sheltered woodworking workshop. Over this period, we
engaged in conversations and facilitated over 30 technology sessions with
workers with diverse disabilities. Our experiences challenge the narrative of
industrial research, in particular with digital instructional systems serving as
“enabler technology” to help them work “better.” We reflect on how this reshaped
our understanding of meaningful technology support for individuals with
disabilities. By critically examining the roles of industrial engineering, HCI, and
assistive technologies, we discuss how research can improve the work experience

of this human-centered
approach to manufacturing
is the use of digital
instruction systems to
support workers with
disabilities [3]. These
technologies not only aim
to provide productivity
gains but also aim to make
industrial workplaces more
inclusive. Digital
instructions tools, such as
screens or augmented
reality systems, help by
breaking down complex
information into smaller

of workers with disabilities.

The manufacturing and industrial sector have been
undergoing a large change, driven by interconnectivity
and the advancement of digital technologies. Industry 4.0,
the term coined to describe this transformation, has often
been connected to the change in the skill profile of workers
that such a transformation goes hand in hand with. The
lack of skilled workers and reflections on the changing
role of humans in industrial systems have led to a shift
toward a more socio-centric perspective that considers
the interests of various stakeholders rather than focusing
solely on technological development and productivity
gains [1]. Ultimately, the follow-up term Industry 5.0 reflects
on the human'’s role in industrial systems saturated with
digitization and calls for the deployment of technologies
with the principles of sustainability in mind [2].

A key message of Industry 5.0 calls for the use of
“digitalization with a purpose” [2]. One important example
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steps, making tasks more
manageable for a wider
range of workers [4].

For people with disabilities, work presents not only
economic participation and provision of pay but also a
possibility for social integration and independence.
However, despite policies aimed at improving employment
of people with disabilities, they continue to face lower
employment rates and lower pay [5]. Their marginalized
position is exacerbated by the perception of them as
deviating from the concept of an ideal worker due to
being less productive and less able to work [6].

Industrial engineering research rarely questions the link
between disability, limited work ability, and lower
productivity. Against this backdrop, we started the
research project A2l in 2023, which focuses on using
augmented reality (AR) as a learning assistance tool in a
sheltered workshop. Over the past two years, we have
applied a user-centered approach, collaborating closely
with workers with disabilities. Our experiences challenge
the narrative of industrial research, in particular the idea
that instructional technologies serve as an “enabler tool”
for work. Through autoethnographic insights, we reflect
critically on the role of research in developing and
promoting digital assistance technologies in future
studies.

Industry 4.0 Science 2025, 5
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So, you're saying we should stop
talking about the productivity gap
between disabled and non-disabled
workers? But isn't that the whole
point of assistive tech, closing that
gap?

T

But how do we even
begin to implement tech
for such diverse needs?

®

That assumes there is one sing@
gap to close. Disability isn't a
checkbox, it's a spectrum. You
wouldn't expect the same solution
to work for a novice and an
experienced operator, right? Same

logic here. -

By doing what tech should've always
done—user-centered design.
We ask, we listen, and we develop

with workers.

Figure 1: Vision of future assistive technologies for workers with disabilities, where industrial research includes workers in

the development process (cartoon figures were Al-generated).

Spatial augmented reality as an
assistance tool in manufacturing

Digital assistance systems promise to improve the position
of workers with disabilities by supporting them during
work [3]. Especially for persons with learning, cognitive,
or attentional disabilities, paper-based instructions can
lead to split-attention effect, i.e. when the instructions are
spatially disconnected from the work task [7]. Reducing
extraneous load, i.e. the load necessary to process the
work instructions, could free cognitive resources that in
turn could be dedicated to learning and performing
complex work. The spatial contiguity effect is grounded
in the cognitive load theory of learning and has been
supported by multiple empirical works and meta-analyses
[8]. In manufacturing and assembly, spatial contiguity can
be achieved by overlaying augmented reality instructions
or holograms into the field of view [7].

Spatial augmented reality (SAR) is a form of AR that enables
spatial projection of holograms through a projection
system installed in the workspace [9]. SAR has been used
in multiple studies with disabled workers in a manufacturing
and assembly context [4, 10, 11]. Compared to paper-based
instructions, these studies found SAR to lead to higher
usability and productivity.

Prior research often presents assistance technologies,
such as SAR, as compensatory tools that enable workers
with disabilities “to be successful in their performance of
industrial tasks that were formerly difficult to accomplish”
[11]. This conception of assistance technologies serving
as an enabler tool to achieve productivity and improve

Industry 4.0 Science 2025, 5 40f 8

work capabilities are mostly based on short-term studies,
often conducted in laboratory settings. However, a gap
exists regarding long-term perspectives on assistance
systems for workers with disabilities. We aim to address
this gap through long-term considerations and reflections
from deploying SAR in a sheltered workshop.

Method

Manufacturing research rarely employs long-term
methodologies that incorporate first-person perspectives,
particularly in the context of deploying assistance systems
for persons with disabilities. In addressing this gap, our
discussion draws on autoethnography, an ethnographic
method from the social sciences that merges personal
experience with research analysis. Autoethnography
positions the researcher both as subject and investigator,
enabling a systematic exploration of cultural and social
phenomena through lived experience. This approach has
recently gained in popularity in HCl research due to its
potential to provide insights into individual experiences
that are often disregarded in conventional research.
Beyond evaluating quantitative aspects like functionality
and usability, autoethnographic methods allow for a deeper
dive into the social implications of technology [12].

Use of spatial augmented reality in the
project A2i

Our project uses spatial augmented reality as an instruction
provision system in the context of manufacturing and

© 2025 The Authors. Published by GITO
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Spatial Augmented
Reality using a
projection system with
a mirror head, which
enabled us to cover
large surface areas.
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Figure 2: Visual depiction of selected use cases: A.) learning how to program a collaborative robot with SAR instructions,
deployed in lab settings; B.) instructional videos integrated in the workspace via the example of operating an industrial buzz
mill; C.) interactive projections, depicted via the example of choosing the right buzz saw tool according to material properties.

assembly, in particular woodworking and furniture
manufacturing. The work was performed at Wien Work,
a sheltered workshop that employs over 360 persons,
70% of which have disabilities. In the woodworking
department, the majority of workers have a hearing
impairment. In addition, the woodworking department
offers inclusive vocational training for apprentices with
hearing, cognitive, or learning impairments.

After preliminary interviews with workers, mock-up use
cases with SAR were deployed in our laboratory to enable
the workers and apprentices to experience the technology
outside work settings. This included use cases like SAR-
supported cabling assembly or learning how to program
a collaborative robot with the help of SAR instructions.
Over 30 sessions were carried out in the lab settings before
the deployment was transferred to the production
environment. This included an SAR-supported tutorial on
using an industrial buzz saw, which was implemented
participatively via regular feedback from experienced
apprentices and finally evaluated with five apprentices
that had not operated the machine before. Figure 2
illustrates examples of the use cases.

104

Data and analysis

The autoethnography was based on a mixed approach
via the authors’ notes and protocols from observations
and user studies with workers and lived experiences. This
data was subsequently coded as reconstructions of the
experiences. The analysis of the data was performed
using thematic analysis [13].

In this section, we present our findings, structured around
the themes resulting from the thematic analysis: (1)
productivity and work ability as goals, (2) usefulness of
instructional systems in the context of the target group,
and (3) challenges when working with persons with
disabilities. Aligned with the autoethnographic approach,
the presentation of findings aims to offer a rich and
evocative narrative of the researcher's personal
experiences.

On the “Productivity vs. Disability” gap

Research often states that assistance systems must cover
for a “productivity gap” between workers with disabilities
and non-disabled employees, exacerbated by assumptions
of reduced work ability present in industrial research. For
example, studies presented in [14] or [15] assume that
workers with disabilities work two to five times slower

Industry 4.0 Science 2025, 5
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than non-disabled peers. These views partially formed my
perceptions of productivity and usefulness of augmented
reality systems for workers with disabilities prior to the
project.

After two years of deploying SAR in a sheltered workshop
and regular interactions with workers with disabilities, |
have found no uniform productivity deficit that technology
must compensate. The workers | collaborate with represent
a variety of skills and experiences. Many hold three- to
four-year vocational qualifications, use CAD software and
operate computerized machinery proficiently. Some
individuals do encounter difficulties with certain industrial
tasks, but so do some non-disabled colleagues. Disability,
in practice, is not a binary “checkbox” that deterministically
predicts lower industrial performance. Rather, it is one
dimension among many that shape an individual's
capabilities. Do we assume all workers to have the same
skill set? The same logic applies here as well.

Will assistance systems like augmented reality ultimately
improve the productivity of workers with disabilities? My
field observations suggest a nuanced answer. For some
employees, whose work capacity is already high, it will not
change much about how they approach work tasks. For
others, digital assistance systems will not result in them
being more productive at all. For instance, optimized
instruction provision could improve the work of a worker
with attention deficit/hyperactivity disorder (ADHD), but
this improvement might not be significant enough in terms
of productivity. These autoethnographic insights therefore
caution against treating assistive technologies solely as
remedies for a supposed deficit. We should adapt them
to a wide range of skills found in the manufacturing
workforce.

What, then, is the contribution that HCI and industrial
engineering research can make, if not “closing a productivity
gap"? Our research goal should be to create conditions in
which every employee can perform at their best. Overly
focusing on quantitative outcomes like productivity in
terms of cycle time, throughput, or error rates overshadows
the benefits such systems can provide, such as their ability
to create more engaging work conditions. In the end, work
should also be an enjoyable experience.

Useful instruction provision—where
requirements of disabled and non-
disabled workers align

What goals and requirements should we follow when
developing instructional assistance systems for workers
with disabilities? In accordance with the principles of
human-centered research, we must listen more and
assume less. And when we listen, it is interesting how the

Industry 4.0 Science 2025, 5 6 of 8
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requirements of workers with disability and non-disabled
workers align.

At the start of our project, | believed that augmented reality
instructions should be simplified for workers with
disabilities as much as possible. Experience quickly proved
otherwise. Difficulties rarely lie in the simple steps; they
appear when the tasks get complex. Thus, overly reducing
the complexity of instructions would hinder the learning
effect, because it lacks the context of real-life work.

A prime example of this is technical terminology. My initial
instinct was to substitute complex terminology with simpler
wording, fearing that such instructions might not be well
understood by workers with hearing impairments due to
these terms not being present in sign language. However,
my fellow collaborators disagreed, saying that “learning
the terminology is an integral part”, for instance, in
preparing for the vocation certification. Interviews
confirmed that apprentices with hearing deficiencies have
already encountered and understood these terms in
school. In this regard, it would be unwise to overly simplify
instructions in these systems beyond the complexity that
reflects real-world settings. Yet, research typically talks
about step-by-step guidance to break down complex work
into simple steps.

The problem of step-by-step guidance is that it can limit
worker autonomy. If you project an instruction saying,
“now put this part here”, which is common in use cases
of AR for workers with disabilities [4, 10], such micro-
guidance limits decision-making and the contextual “before”
and “after” needed for deep understanding. My field
experience showed me that most workers do not want
guidance, they want a concise representation of complex
information to understand better. Sure, deaf employees
might prefer visual instructions via images and pictograms.
But have you ever tried assembling a piece of Ikea furniture
using only text instructions, with no visuals? Good luck
with that!

When developing work assistance systems, the real
question is whether requirements of workers with
disabilities differ from those of their non-disabled peers.
In the context of instruction provision, | see a large overlap
between the groups (Fig. 3). If a system has been shown
to increase productivity for disabled workers, | hold it for
likely that it will have a similar effect for non-disabled
workers, and vice versa.

It is not all happy talk

Despite the positive experiences from the last two years,
it is important to reflect on the challenges of deploying
digital assistance systems for workers with disabilities. A
key challenge lies in communication and the lack of
feedback. This goes beyond a natural language barrier in

© 2025 The Authors. Published by GITO



If we were able to map user requirements for
instruction assistance systems to a single
dimension, would we find a requirement
gap or requirement overlap?

Figure 3: Our experiences from deploying spatial augmented
reality as a learning assistance tool point towards a
requirement overlap between workers with and without
disability.

the case of workers with sign language as their native
language, even when sign interpreters are present. At the
beginning of the project, workers were hesitant to discuss
ideas for use cases, stating “I don‘t know how to contribute.”
This lack of feedback makes it hard to gain meaningful
insights into how best to support them. A potential reason
for the sparse feedback could be their arguably low
acceptance of technology. Common questions included
“will 1 be replaced?” or “am | going to be observed?”
Deploying new technology can trigger one’s status quo
bias [16]—the preference for maintaining the current
status quo—as having to get accustomed to new technology
might simply mean additional effort.

The concept of an ideal worker includes two factors—
productivity and social interaction [6]. Concerning the
deployment of assistance systems, the user-centered
design approach hinges on open interactions and feedback
from the envisioned user group. Sparse feedback leads
to guesswork and designing systems in the dark, and it
prolongs the development timeline. To overcome this
challenge requires effort from both the researchers and
the workers and enough time for both groups to get
accustomed to each other. Based on my experience, |
argue for a slow and transparent approach to deploying
digital assistance systems to avoid a sense of failure if the
system is not working as intended. It should be an iterative
process with gradually increasing rich experiences for
both groups.

Digital assistance grounded in reality
The goal of digital assistance systems, such as augmented
reality, is to improve the work of employees with disabilities

and help them to better integrate in industrial processes
[11]. Ultimately, one could argue that this aims to cover
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for the industrial perceptions of ideal productivity and
work ability [6]. We present ethnographic insights from
deploying spatial augmented reality as an assistance tool
in a sheltered workshop, with a focus on woodworking.
Our findings caution against the narrative of digital
instructional systems serving as an “enabler technology”
to help people work “better”. Empirical field work on
productivity points towards workers with disabilities
exhibiting similar job performance as non-disabled workers
[17].

In designing digital assistance systems, it is of utmost
importance to reflect this and focus on designing systems
that create more engaging work conditions rather than
seeing assistive technologies as a remedy for a supposed
“productivity gap”. We should base our research on active
participation and listen to ideas about how to best create
such engaging systems. In doing so, we might find that
the requirements of workers with disabilities for creating
engaging systems overlap with those of non-disabled
employees, as in the case of instruction provision. These
perspectives invite researchers to reframe digital assistance
systems not as compensatory tools but as opportunities
to rethink industrial work in ways that are more inclusive,
engaging, and grounded in the realities of all workers.

This work was supported by the Vienna Chamber of Labour
as part of the A2 project (AK Wien Digitalisierungsfonds Arbeit
4.0).
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Digitization of the work environment
for sustainable production

Sustainability is gaining importance and the economy is
changing into a circular economy, especially with regard
to climate change and the need to create more resilient
value chains. The organization of work is meeting these
challenges with, among other things, the digitalization
of increasingly changeable production. Collecting and
understanding data is becoming increasingly complex,
as not only internal production data is of interest, but
also cross-company sustainability indicators play a role in
decision- making. The research results presented under
the main topic “Digitization of the work environment for
sustainable production”address this problem of compliance
with sustainability requirements by means of digitization
and its impact on the workplace and workers. The members
of the Scientic Society for Work and Business Organisation
(WGAB) present innovative concepts and research results
for practitioners and scientists and thus provide valuable
input for current challenges.
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