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ABSTRACT

Assembly work in sheltered workshops faces a variety of challenges and obstacles. In
this context, these challenges have been identified in this paper and can be divided into
structural and technological challenges, which will be discussed in detail. Additionally,
an outlook is provided on the role digital assembly assistance systems can play in
addressing these challenges. Digital assembly assistance systems offer promising
solutions to meet these demands by increasing efficiency and accuracy, enabling
customization, and serving as training tools.
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INTRODUCTION

According to the World Health Organization (WHO), participation means
“involvement in a life situation” (ICF-CY, 2019). The inclusion of people
with intellectual disabilities received a significant boost through the United
Nations’ “Convention on the Rights of Persons with Disabilities,” adopted
in 2006 and enacted in Germany in 2009 (Burtscher et al., 2013).
Participation in working life has both social and economic aspects. Work
provides individuals with intellectual disabilities with structure, security, and
recognition. However, sheltered workshops (WfbM) face challenges such as
non-transparent wage systems and low transition rates to the general labor
market (Engels et al., 2023).

Economically, WfbM are a significant factor, employing around 300,000
people in Germany (Palleit, 2016). The marketing of their work
results influences the remuneration of employees (Pansky, 2002). Digital
assistance systems offer potential for humanizing the working world by
relieving employees, improving work quality, and enhancing participation
opportunities (Apt, Schubert and Wischmann, 2018). These systems support
work processes and decision-making situations in production (Klapper et al.,
2019), but they are often complex and require technical expertise that is
frequently lacking in WfbM.

Particularly in assembly work, challenges arise because the cognitive
limitations of employees place special demands on the clarity and safety
of processes. There is a lack of methodology for selecting suitable digital
assistance systems that align with the abilities of users with intellectual
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disabilities. This paper addresses this gap by analyzing the challenges and
obstacles in assembly work within sheltered workshops.

THEORETICAL BACKGROUND

(Mental) Disability

For the definition of the term “people with disabilities” the WHO
issued a three-dimensional classification in 1980 called the “International
Classification of Impairments, Disabilities, and Handicaps” (International
classification of impairments, disabilities, and handicaps, 1980). However,
this was revised and replaced by the “International Classification of
Functioning, Disability, and Health” (ICF-CY, 2019), which was already
mentioned in the introduction. From the perspective of the body, the
individual, and society, the ICF is divided into two parts, each of which
consists of two subcomponents:
Part 1: Functioning and Disability

(a) Body functions and structures
(b) Activities and participation

Part 2: Contextual factors

(c) Environmental factors
(d) Personal factors

Figure 1: ICF modell (adaped from (ICF-CY, 2019)).

Quality Assurance in Manual Assembly

“As part of quality management, quality assurance comprises all
organizational and technical measures that serve to prepare, accompany and
test the creation and maintenance of a defined concept and execution quality
of a product or service” (DIN EN ISO 9000:2015-11, P. 31).

Quality assurance (QA) thus has the task of guaranteeing the
implementation of the measures defined by quality management in order
to ensure compliance with a certain quality standard (Klanitz, 2024).
Companies are then obliged to place quality assurance personnel directly
under the control of quality management or management so that they are not
bound by instructions from the specialist management level. This is common,
for example, in sensitive or high-risk production areas; typically these include
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the pharmaceutical and chemical industries, food production and aerospace
companies; workshops for the disabled (WfbM) are also bound by these
standards as soon as they produce for these industries (Klanitz, 2024). In
addition, service sectors such as medical care and nursing care must also
comply with strict requirements (see, for example, section 8.2.2 of DIN EN
ISO 9001:2015 as well as § 135 a SGB V and § 113 SGB XI).

Quality assurance can be carried out both internally, via the existing staff,
and externally, via specialist agencies and service providers (Klanitz, 2024).
Internal QA aims to fulfill the quality standards set by the company itself or
agreed with partners (Klanitz, 2024).

The DIN standard defines the meaning of the term “quality assurance”
and was quoted at the beginning of this section. The standard also describes
various QA procedures and measures. This results in a “standardized quality
assurance”, so to speak. Nevertheless, there is room for maneuver in the
interpretation and implementation of quality assurance in many areas of the
economy (Klanitz, 2024). Types of QA can be derived from this. A distinction
is made, for example, between static and dynamic quality assurance. Dynamic
QA plays a role above all in companies and industries with rapidly changing
product portfolios and is therefore not considered further when applied to the
WfbM sector. In static quality assurance, several contractual partners - e.g.
manufacturers and customers as members of the supply chain or links in the
value chain - jointly define key values for processes and products as quality
parameters in assembly. Deviations from these target values are permitted
within a certain range (Klanitz, 2024).

CHALLENGES AND OBSTACLES

Sheltered workshops for disabled persons face several structural and
technological challenges that impact their efficiency and inclusivity. These
challenges were first identified in focus interviews with representatives of
sheltered workshops and then validated in a second step through a literature
review.

Figure 2: Overview of challenges and obstacles (own illustration).

Structural challenges can be categorized into four main areas, complexity
of work processes, lack of suitable tools, insufficient training and support,
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and individual abilities and limitations see Figure 2. The four main categories
are described in more detail in the following text.

Complexity of Work Processes

The complexity of work processes in sheltered workshops often poses
significant challenges. These processes are typically weakly structured,
leading to frequent task interruptions and changes based on the preferences
and needs of the workers (Herrmann et al., 2024). Additionally, the
setup of commercially available assembly systems, which includes hardware,
software, and application, is often too complex for the capabilities of
both workers and supervisors in these environments (Jost et al., 2022).
This complexity can hinder the smooth operation and productivity of the
workshops.

Lack of Suitable Tools

Another major challenge is the lack of appropriate tools and assistance
systems tailored to the needs of disabled workers. Many existing assembly
systems do not address the specific requirements of people with disabilities,
making it difficult for them to perform tasks efficiently (Jost et al., 2022).

Insufficient Training and Support

Training and support are crucial for the successful inclusion of disabled
individuals in assembly work. However, there is often a lack of structured
training programs and support systems in place. Studies have shown that the
implementation of standard operating procedures (SOPs) and hierarchical
task analysis can significantly improve the training and performance of
mentally disabled workers (Chi et al., 2018). Additionally, digital assistance
systems and advanced work instructions can help bridge the skill gaps
and increase the independence of mentally disabled workers (Heinz-Jakobs,
Grose-Coosmann and Rocker, 2022; Peltokorpi et al., 2023).

Individual Abilities and Limitations

The individual abilities and limitations of disabled workers must be
carefully considered in the planning and execution of assembly tasks. The
variation in skills and impairments among workers requires a flexible
and adaptive approach to task assignment and support (Herrmann et al.,
2024; Mordaschew et al., 2024). Multi-skill resource-constrained project
scheduling problems is an example that can help in mapping the skills of
disabled workers and optimizing task assignments accordingly (Herrmann
et al., 2024; Mordaschew et al., 2024).

In addition to the structural challenges just presented, there are
technological challenges that can be divided into the two categories of
digitalization and technological change and costs and access to technologies.

Digitalization and Technological Change

Sheltered workshops face significant challenges in adapting to the rapid
pace of digitalization and technological change. The implementation of
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digital assistance systems, which can reduce cognitive stress and improve
efficiency, is often hindered by high investment costs (Reisinger et al., 2018).
Additionally, the complexity of integrating these systems into existing IT
infrastructures and ensuring they provide adaptable and specific information
further complicates their adoption (Reisinger et al., 2018).

Moreover, the unique needs of disabled workers require specialized
digital solutions. However, the creation and implementation of such
advanced models demand significant technological expertise and resources
(Mordaschew et al., 2024).

Costs and Access to Technologies

The high costs associated with advanced technologies pose a major barrier for
sheltered workshops. Many commercially available assembly systems are not
designed with the needs of disabled workers in mind, leading to additional
expenses for customization and accessibility features (Jost et al., 2022). This
financial burden is often beyond the available resources of these workshops,
limiting their ability to implement necessary technological solutions.

Furthermore, the affordability and availability of assistive technologies
remain critical issues. Despite advancements in assistant systems, there is
a persistent gap between the legislative mandates for access and the actual
implementation in practice (Chen, 2024).

In low-resource settings, the situation is even more challenging. The lack of
awareness and inappropriate design of technologies further restrict access for
disabled individuals (Barbareschi et al., 2021). Efforts to design cost-efficient
and accessible technologies, such as the use of simple hardware like RGB
cameras and projectors, show promise but require more widespread adoption
and support (Jost et al., 2022).

DIGITAL ASSEMBLY ASSISTANCE SYSTEMS

As already mentioned in the previous section, digital assistance systems for
manual assembly in workshops for the disabled have great potential but may
also be associated with high acquisition and implementation costs, as well as
adaptations to the mentally disabled workers.

What is needed here is a well-founded method that brings together both
worlds, assistance systems and mentally disabled workers. As a basis for
this method development, which is not part of this paper, it is necessary to
cluster digital assistance systems first. The following diagram provides a brief
overview:

The potentials of digital assistance systems are above all the increase in
efficiency and accuracy, the ability to adapt to the needs of mentally disabled
workers and the possibility of person-independent training and support in the
work process. If these potentials of digital assistance systems are recognized
efficiently and correctly, they represent a profitable opportunity to make
work in WfbM more attractive, more efficient and easier.
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Figure 3: Overview of digital assistance systems (own illustration).

CONCLUSION

The analysis of assembly work in sheltered workshops highlights significant
structural and technological challenges that impact both efficiency and
inclusivity. Structural challenges, such as the complexity of work processes,
lack of suitable tools, insufficient training, and the diverse abilities of
workers, underscore the need for tailored solutions. Technological challenges,
including high costs, and limited access to adaptive technologies, further
complicate the implementation of effective support systems.

Digital assembly assistance systems emerge as a promising avenue to
address these challenges. However, the successful integration of these systems
requires careful consideration of user-specific needs and the development
of methodologies to align technological solutions with the capabilities of
workers in sheltered workshops.

Future research focuses on bridging the gap between technological
potential and practical application, so sheltered workshops can create more
inclusive, efficient, and sustainable work environments.

This paper lays the groundwork for further exploration into how digital
assistance can humanize and optimize assembly work for individuals with
disabilities.
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