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ABSTRACT

Digital Assistive Technology can foster the inclusion of persons with disability on
the job market tremendously. At present however, its potential to increase their
employability as partial solution to the current skills shortage remains untapped. The
lack of knowledge around the applicability of digital AT in various industrial sectors
and its usability for different types of disability or employer’s demands obstructs its
further dissemination into the labour markets. More feasibility studies are needed
exploring drivers of a successful implementation of digital AT in different industrial
sectors and different needs of employees and employers on the non- sheltered job
market. In this paper, we report preliminary results of an (ongoing) two-phase study
on implementing digital AT in different industry sectors with employees with different
types of disabilities. The preliminary findings from a thorough digitisation potential
analysis reveal valuable insights on the requirements for the implementation of
digital ATs.

Keywords: Digital assistive technology, Usability and inclusive design, Persons with disability,
Social and employment inclusion, First labour market

INTRODUCTION

Digital Assistive Technologies (digital AT) are key to promoting the social
inclusion and rights of persons with disabilities (PwD) (Smith et al., 2022).
Unlike earlier technologies, digital AT enable new ways of accessing society
and pursuing activities independently. This enhances PwD’s ability to
participate equally in society and compete in the open labour market (Bratan
et al., 2020; Smith et al., 2022). However, its availability and usability for
this group lag behind (Aleksandrova & Nenakhova, 2019; Chudel-Linden
et al., 2019; Vassilakopoulou & Hustad, 2023). Given the United Nations
Convention on Rights for Persons with Disabilities (UN- CRPD) and national
accessibility laws (e.g., the European Accessibility Act), what obstacles hinder
the full implementation of digital AT for PwD? Common barriers include
insufficient technological infrastructure, inadequate allocation programs,
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accessibility issues, and resistance to digital transformation, including digital
illiteracy (Digital Directions, 2023). However, these challenges apply broadly
and are not exclusive to PwD. A major issue in the digital disability divide
(United Nations, 2021) is the lack of involvement of PwD in the development,
testing, and implementation of digital AT (Henni et al., 2022; Neal et al.,
2022; Vassilakopoulou & Hustad, 2023). Current processes primarily engage
individuals with less severe disabilities who can provide active feedback
(Manzoor & Vimarlund, 2018), yet this group does not represent the full
spectrum of disabilities and needs (Neal et al., 2022).

As a result, available digital AT often fails to meet the situational
needs of users fully (Manzoor & Vimarlund, 2018; Henni et al., 2022;
Neal et al., 2022). Few implementation studies assess prototypes in real-
life conditions, often due to funding gaps or a lack of willing test sites.
Consequently, little is known about the socio-technological requirements
for developing truly usable digital AT (Schnasse et al., 2021; Nierling
et al., 2021). While digital AT implementation must consider interactions
between humans, technology, and organizational structures, awareness of
these complexities remains limited in the context of inclusion (Boger et al.,
2017; Vassilakopoulou & Hustad, 2023). Additionally, digital literacy and
acceptance among both users and those who provide training or personal
assistance must be considered, yet this aspect is often overlooked (Schnasse
et al., 2021; Nierling et al., 2021; Bratan et al., 2022). These challenges are
particularly pronounced in the labor market. Despite digital AT’s potential
to improve employability and address skill shortages, it is rarely utilized for
workplace modifications. In the rapidly evolving digital labor market, this
further reduces PwD’s job opportunities (Aleksandrova & Nenakhova, 2019;
Jetha et al., 2023). Few studies have tested digital AT in work settings (Mark
et al., 2021), and concerns about representativeness and transferability limit
their applicability to non-sheltered workplaces. As a result, the feasibility of
implementing digital AT in the open labor market remains uncertain, further
widening the digital disability gap (Tsatsou, 2020; Jetha et al., 2023). More
research is needed to investigate digital AT’s full potential. Feasibility studies
should identify prerequisites for successful implementation in inclusive work
environments. These studies must address PwD’s assistive needs, employer
expectations regarding economic viability, and the varied levels of digitization
and technological infrastructure in the labor market.

In this paper, we present preliminary results of an initial study
focusing on the implementation of digital AT in different industry sectors
with participants representing various disabilities. The project involved
technical implementation by a development partner and scientific evaluation
by a research institution and federal disability welfare institute. While
this approach addresses some research limitations (e.g., non-sheltered
work settings and diverse disability types), it does not claim exhaustive
transferability or generalizability. However, our preliminary findings
contribute to understanding the factors driving digital AT’s applicability in
the open labor market.
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RELATED WORK

In this section, we provide a brief overview of Germany’s regulatory
framework regarding disability employment and labour market integration
structures1 as well as the body of research on digital AT within the work
context.

Inclusive Work

Germany’s UN-CRPD implementation law, the Bundesteilhabegesetz
(BTHG), ensures autonomous, equal participation in all areas of life
(Chudel-Linden et al., 2019; Bratan et al., 2020). In line with Article
§27 of the UN-CRPD, Persons with Disability (PwD) seeking paid work
are supported through various policies, programs, and (wage) subsidies.
Employers who do not include PwD must compensate through levies.
Like other European labor markets, Germany offers disability employment
programs, including supported work and vocational training in both open
and sheltered settings. Sheltered workshops2 provide high levels of care
and accommodate individuals with severe impairments. Recently, more
individuals with psycho-social disabilities have entered this system. In
contrast, the open labor market demands higher performance but offers
better wages. Various government programs, subsidies, and policies support
PwD in gaining or retaining employment (see (Mallender et al., 2015) for
details). Germany’s labor market complies with Article §27 of the UN-
CRPD, but the two systems have limited permeability. Exiting the sheltered
labor system is difficult, with low transition rates and concerns about its
segregating effect ref. With limited access to the open labor market and rapid
digital transformation, digital AT could help prevent further exclusion of
PwD. Recognizing digital AT’s importance, sheltered workshops were early
adopters in testing it.

Assistance Systems

Developing usable digital AT that support PwD on the labour market has
been a research topic for over a decade, albeit less fast-forwarding then
the parallel movement on developing usable digital AT for non-disabled
users (Blattgerste et al., 2019; Mark et al., 2019). This currently available
digital assistive technology for PwD developed and evaluated different
visualization and interaction technologies (Funk et al., 2015), different
presentation types for instructive and feedback information (Kosch et al.,
2016), and the application of gamification approaches (Korn et al., 2015;
Grund et al., 2020) to increase work motivation. Unfortunately, this research
focuses on manufacturing sector (packaging and assembly) as main industrial
employment sector for PwD, typically persons with intellectual disability.
These studies show positive impact on work performance, operationalised as
reduced count of error and increases in work pace (Mark et al., 2019). What
is more, there is little resistance to the digitisation of their work, and PwD

1For more information see: (Bratan et al., 2020; OECD, 2022)
2See for more information on sheltered workshops also: (EASPD, 2022)
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generally indicate a high level of acceptance towards digital AT (Heinz et al.,
2022). However, the generalisability of these findings is confined to the above
described industrial sector, sheltered work settings and non- representative
disability types. Moreover, the digital AT is static to the workplace and non-
adaptive to a persons’ special-need profile (Funk et al., 2015; Kosch et al.,
2017). Only few studies so far have focused on designing adaptive assistance
systems that gear to the individual’s capacities and special needs for assistance
at work (Heinz et al., 2021; Oestreich et al., 2022; Peltokorpi et al., 2023).
In addition, these systems have been evaluated in sheltered workshops of the
labour market only. Thus, although previous work indicates that assistance
systems generally have a high potential to support PwD at work, this research
is limited. It remains to be open whether these findings are applicable to other
industrical sectores of the open-labour market and usable for different types
of disability and employer expectations.

Study Overview

In this section, we explain the methodological design and the objectives
of the field study. We planned a two-staged methodological scheme (see
Figure 1) on the preposition that the tested digital AT system would not
necessarily provide additional beneficial assistance to every workplace and
not every company would be sufficiently equipped with the prerequisites
necessary to equip the workplace with a digital AT tool. Therefore, the two
independent phases were designed so that interested companies could either
traverse through both or participate in the first phase only. This first phase,
henceforth referred to as the Digitisation Potential Analysis, was obligatory
for all participating companies since it aimed at analysing the degree of
available digital infrastructure and ‘digitisation’ of task demands (see also
hypotheses). Those companies deemed suitable to field-test the digital AT
system were offered a scientifically guided implementation that constituted
the second phase of the project, henceforth referred to as the Feasibility
Study.

Figure 1: Overview of the two project phases and the activities carried out within each
phase respectively.
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The following sections focus exclusively on the implementation and results
of the first phase. The results of the second phase, however, will be part of a
future publication.

Phase I: Digitisation Potential Analysis

The Digitisation Potential Analysis was conducted on the assumption that
(1) participating companies would vary in their degree of digitisation, ranging
below average (based on the index for digitisation for small and medium-
sized enterprises in Germany (Bundesnetzagentur, 2023)), (2) their degree
of available digital infrastructure would vary depending on the sector of
industry, and (3) the degree of beneficial assistance for a given task would
vary (i.e. not every task may be easier to perform with digital assistance).

Procedures

Phase 1 was carried out in seven inclusive enterprises (BAG IF, 2019) (see
Table 1 for more information on the different sectors and detailed work
characteristics). This phase was conducted by members of the engineering
team of the digital AT and staff of the supra-local disability employment
provider to ensure that possible necessary accompanying measures would
be identified and subsequently installed. Information on the infrastructure
of the inclusion company, the workforce and work settings as well as task
demands and expectations was collected through qualitative interviews with
employees, foremen and supervisors. Additionally, the degree of digitisation
was determined on a set of predefined criteria that were assessed in every
single inclusion company. These criteria comprised the available hard- and
software onsite, and the degree to which digital technology was used to
perform daily routines. The scores were rated on a 5-point scale between
a low (one) and a high (five) degree of digitization. Finally, possible areas
of work that would benefit from digital assistance were determined by all
involved partners. These tasks could include both new chores and already
assisted chores. All assembled information was then analyzed regarding the
implementation feasibility of the digital AT systems. If deemed feasible, the
companies were offered participation in the Feasibility Study (Phase 2).

RESULTS

The results of the Digitization Potential Analysis are summarized in Table 1.
They show that six out of seven companies provided adequate infrastructure
to implement the system (contrary to our hypothesis of a low degree of
digitisation at participating companies). In these companies, work processes
were deemed to benefit from digital support, resulting in a high degree
of applicability of the digital AT. The seventh company, a orthopedic
manufacturing inclusion company was digitised to such a degree that
installing the digital AT system would not have added a beneficiary surplus.
For the six other companies, the analysis further identified a varying range
of skills and competencies to be supported and associated functions required
for the implementation of the digital AT (see Table 1).
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CONCLUSION

The results of the Digitization Potential Analysis from the first phase of
the study indicate varying levels of digitization among the participating
inclusive companies across different sectors. Despite these differences, six
out of seven companies demonstrate potential for participation in the second
phase of the study. Participation was deemed unnecessary for the seventh
company due to its already high level of digitization and the fact that its
employees with disabilities had exclusively motor disabilities, which did not
require additional digital assistance. These findings underscore the broad
potential for implementing digital ATs across companies with diverse sectoral
backgrounds and digitization levels. Furthermore, the analysis highlights that
digital ATs should primarily support key skills and competencies such as
autonomy, motivation, work efficiency, and quality awareness among PwD.
To effectively address these needs, the core functionalities of digital ATs
should include personalized instructions, checklists, documentation tools,
and communication aids. These technologies can play a crucial role in
enhancing workplace participation, improving task execution, and fostering
greater independence for PwD.

The results provide important insights for the implementation of digital AT
in the second phase of the study and beyond, for the general implementation
of digital AT in the open labor market.

LIMITATIONS

As is the case with every empirical study, this project too, has limitations. For
one, the number of testing companies was smaller than initially calculated
upon. Albeit recruiting efforts were geared towards the entire open labour
market in Westphalia, only eight companies applied for participation, seven
of which explicitly embrace inclusion of PwD3. Nevertheless, inclusive
enterprises in Germany represent a wide variety of sectors and employ a
heterogeneous scope of disability types and severity. This meets some of
the transferability limitations of the commonly conducted field-tests, which
are predominantly carried out in sheltered work settings with persons with
intellectual disability in the manufacturing sector. Nevertheless, this study
shows that networking structures between industrial partners of digital AT,
welfare institutions and employer federations or trade associations need to
expand and inform that digital AT is available, cost-effective and usable. Not
least to strengthen the inclusive labour market but also to meet its current
skills shortage.

SUMMARY & OUTLOOK

This 2-phased field-study is - to our knowledge - among the first to explore
the prerequisites that underlie a feasible implementation of digital AT in
companies of the open labour market. Although there is a growing number
of studies that test digital AT for working PwD, the transferability of

3See also: (BAG IF, 2019)
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these findings is confined to sheltered work settings. However, to learn
about factors that drive a successful implementation on the open labour
market, field - studies need to be conducted within non-sheltered, diverse
working contexts. Our results contribute to the current body of knowledge
by identifying necessary basic requirements for a successful implementation
process on - site and characteristics of a usable digital AT. Future research
should clarify socio-technical aspects involved in the use of digital AT at
the work place and its impact on work performance. The here described
methodological set-up, Instruments and interim results provides a blueprints
upon which future, larger - scaled studies can build upon, to clarify these
knowledge gaps.
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