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Abstract. To form an inclusive and sustainable society, workplace design that can
be used by different individuals, regardless of sex, language, background, and body
function variations is needed. Such workplaces can also give economic benefits to
companies if they provide a more accessible, safer, more productive and error
proofed working environment. This aim of this paper is to evaluate a universal
design concept developed at a company aiming at providing an “easy job”-
workplace design for manual industrial operations. The study investigated key
factors from 8 interviews and compared it to theoretical constructs such as WHO’s
ICIDH-2. A synthesis was formed that included the following factors: personal
factors, environmental factors and outcomes of universal work. The study has
resulted in new insights regarding universal workplace design and the vision is that
the synthesis can be used by other production companies that want to increase the
universal design in assembly work.

Keywords. Assembly, design, standards, poka-yoke.

Introduction
1.1. Background

There is a societal need for increased universal design in the working life. Ensuring
workplace inclusion is part of Agenda 2030 and considered a human right for persons
with disabilities [1]. As an example, workplaces are generally not adequately adapted to
support demographic changes [2]. In addition to functional variation, a social “disability”
may be experienced by migrants and others with lack of language or industry skill in
industrial workplaces. The Swedish government presented a societal need for “simple
jobs” (“enkla jobb” in Swedish) [3] after the large number of immigrants received in
2015. People with different functional variations experience a disability to participate in
many workplaces. The issue of including more people in the working life is also driven
by the need that exists in many sectors of the labour market: The challenge of a long-
term sustainable supply of skills [4].

A challenge in the manufacturing industry is a growing lack of competent work
force. The challenge of providing skills to private companies as well as municipal,
regional and state activities consists of several parts, but the most prominent are the
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demographic development, urbanization and technological development. This is
especially true for small and medium sized enterprises. The prognosis is that they will
suffer competence loss when the aging population goes into pension.

Although digitalisation and automation is often said to “’take jobs”, that is not always
true for manual assembly tasks. Contrary, manual work can be supported by
digitalisation and automated quality assurance [5]. Machining operations are often
automated and requires less amount but highly skilled labour. However, assembly is
one type of work where manual labour is still often chosen before automation, due to
humans’ superior flexibility. Digitization can transform traditional work so that it is
adapted and becomes user-adapted [6]. Trends in development of Industry 4.0 into
‘Industry 5.0 point towards human centred digitalisation that support all types of
sustainability goals.

Universal design can be defined as a “design for all people” and seeks to create
environments and products that can be used by as many people as possible, regardless
their age, “normal” abilities or disabilities [7]. This type of design thinking can be used
to form an inclusive sustainable society, work and workplaces should be designed so that
they can be used by different individuals, regardless of sex, language, background and
body function variations. Well-designed ergonomic work in assembly can increase
physical safety as well as increase productivity of workers [8].

To support development of an inclusive sustainable society, with workplaces that
welcomes different individuals, regardless of sex, language, background and abilities is
the aim of a project “Universal design of workplaces - manual assembly” in which this
study was performed. A knowledge gap for industrial companies lies in understanding
how work and workplaces can be designed to support everyone [1]. Historically, much
work has focused on supporting the working population. However, it lacks focus on
supporting people with function variations. Such workplaces can also give economic
benefits to companies if they provide a more accessible, safer, more productive and error
proofed working environment.

1.2. Aim

The aim of this paper is to evaluate findings from the case study at a company
Husmuttern AB and suggest a synthesis of how universal design could be carried out in
industry. The model is based on relevant theory regarding individuals and work methods
i.e. WHO’s standard for functioning and disability, universal design, productivity
assessment, standards and poke yoke.

1.3. Previous work with the company Husmuttern AB

The project Universal design for manual assembly (UUAAMM) is based on previous
empirical experience at the company Husmuttern AB. The empirical experience started
with developing industrial workplaces for people with low education and without
language skills in one of Tillvéxtverket's funded project, "Husmuttern's development of
simple jobs 2.0" with manual assembly operations that were easy to perform and learn,
in line with govt. intentions without being govt. run ‘emergency jobs’ [3]. The basis of
development was Lean methodology (including visual standards and so-called poka-
yoke) together with digital visual instructions to develop a system where people with
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foreign background and without previous industrial experience could be included in
industrial working life, work productively, risk-free, and with assured quality [9]. After
successful development the scope was extended to include people with functional
variations.

Husmuttern AB is an SME that develops assembly systems and man these with people
that are far from the usual job-market. The company developed a system for manual
assembly, first practiced on building modules for modular houses [10], but also set up
workstations for other assemblies from packaging material assembly to tool-board and
door assembly. Husmuttern uses digitized animated visualization of standardized work
instructions that are free from text and thereby linguistic restrictions in combination with
poka-yoke, templates and a fail-safe process of work operations. During the project, the
company has adapted its workstations for house module assembly according to the motto
"including without excluding". The workstations have a high degree of visualization and
digitization but low degree of automation and mechanization, which we have seen is a
key to inclusion. In addition to developing their own production of house modules, they
also have successfully sold the service, ”to develop an industrial workplace for staff
without language skills”, in one case.

2. Theoretical frame
2.1. Universal design and personal ability/ functioning

Universal design can be defined as a “design for all people” and seeks to create
environments and products that can be used by as many people as possible, regardless
their age, “normal” abilities or disabilities [7]. There are seven principles of universal
design: (1) equitable use, i.e., regardless diverse abilities, the design can be used by
everyone without additional tools that might be stigmatizing; (2) flexibility in use; one
can for example use it with right or left hand, adjust height etc.; (3) simple and intuitive
use; it is easy to understand regardless language, experience, skills, ability to concentrate;
(4) perceptible information; different ways of information (verbal, tactile, pictional) and
clearly feedback if you use it right or wrong; (5) tolerance for error; design minimize
hazards and errors and opportunities to make mistakes; (6) low physical effort; and (7)
size and space for approach and use.

To understand the nature of a person’s function variation i.e. health condition WHO
has classified functioning and disability in ICIDH-2 (International Classification of
Functioning and Disability). Figure 2 shows the model for functioning and disability. It
describes how a person’s functioning and disabilities interrelate with one another. The
relevant aspect for this article is to demonstrate the importance that environmental factors
have on a person’s health condition. This model is used in the article to discuss results
from the interview study and will form a basis of the synthesis of the results.
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Figurel. WHO standard for health conditions for functional and disability consists of the factors: body
functions and structure, activity, participation, environmental factors and personal factors (adapted from WHO
ICIDH-2).

An individual’s health conditions determine what body function variety is present as well
as the individual’s social ability to participate in a particular work activity. Moreover,
will environment factors, such as workplace design, as well as personal factors moderate
the person’s ability to perform the activity. The model has three main dimensions: 1)
body functions and structure which include both the physiological functions and
anatomic parts of the body, ii) activity which is the performance that is associated with
a task or action that is performed by the individual and iii) participation which is the
individual’s involvement in life situations. The contextual factors: environmental factors
and personal factors are features of the physical, social, and attitudinal world. This also
includes attributes of the person, according to the model. To further build on the model
additional aspects are described: assembly tasks, productivity and standards.

2.2. Assembly tasks

In Mattsson et al. [11], a model for assembly tasks was presented based on assembly
modes which were identified as important for Operator 4.0. The three modes were based
on Sheridan’s five interrelating roles of system operators: Plan, Teach (programming),
Perform, Intervene, and Learn [12]. The three modes: Learning, Operational and
Disruptive (L-O-D) are presented in Table 1 together with work modes (adapted from
Stahre [13]) and the suggested cognitive processes (from Mattsson et al., [11]).
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Table 1. Assembly task modes

Assembly modes Work tasks Cognitive processes
Learning New work tasks, technologies, routines or strategies Reasoning
are learned
Operational The operator monitors machines, does manual Intuition

assembly, handles small disturbances, teaches i.e.
program robots or operators, handles material and
orders and does set-up or maintenance
Disruptive Tasks unknown to the operator e.g. handling bigger Reasoning &
disturbances such as lack of components or machine Intuition
failures, problem solving or strategy planning

To support the operator in the assembly task support should be developed so that it fits
the ongoing cognitive processes.

2.3. Productivity in manual assembly

To make sure that the production is profitable it is necessary to measure productivity.
Productivity is general measures as the output from a production process divided by the
input. Productivity can be measured on different levels and the output and the input can
be different entities [14]. It is therefore important to clearly define. In the context of this
article, we are concerned about productivity on the shop floor level and a proper
productivity measure in assembly work can be for example the number of assembled
products per work hour [15]. On the shop floor level and for a certain activity the
productivity is built up and can be improved by three factors [16]: The method factor is
the ideal productivity rate that depends on the design of the workplace and the intended
work procedure. The method factor is modified by two multipliers: The performance
factor and the availability factor. Performance is the speed of the work measured as a
percentage rate of a normal speed. The normal speed can be determined by a
predetermined time system like Method Time Measurement (MTM) [17]. MTM is by
agreement the normal speed in the Swedish manufacturing industry determined by the
collective agreement (between industry owners and union). The performance rate, i.c.,
how fast someone works is determined by the physical ability of the individual as well
as motivation. In several industries, such as the construction industry, it is common to
have piece rates. That wage system means that workers get more paid if the work faster,
i.e., have a performance rate over 100%. The performance rate is also temporarily
affected by the skill level of the worker, a not yet fully trained worker cannot be expected
to work at 100% speed. The third factor that will affect productivity is the availability
rate. This rate is affected by three sub factors: Need based availability rate, system
designed availability rate and disturbances. Since humans can’t work all the time the
availability rate never be 100%. System designed losses are for example balance losses
in a production flow, which is something that the worker can’t affect, but will result in
waiting time. The final factor are disturbances such as broken tools or lack of material
from suppliers. This affects productivity but is usually out of control. The productivity
factors can be used to explain in detail how different disabilities (both physical and
psychological) will affect the output of an activity.

2.4. Standards, poka-yoke and safe work

To have lean and sustainable operations in assembly type of operations, training settings
get high requirements of the safety of equipment and efficiency of standardised work
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[18]. Standardized work and fault-proofing and to do the right thing from the start are
basic parts of Lean production and are tools needed to improve e.g. productivity of an
operation. In The Toyota Way, Liker [19] describe standardized work as based on the
staff's unique ability to understand a task, —as a standard as the best method right now.
Standardizing a work step so that everyone performs work in the same way every time,
regardless of who does it or when, provides benefits both in training, analysis of errors
and ensure that work is performed correctly. A basic rule in standardized work is that "it
should be easy” to do things “the right way", i.e. you must design the workplace so that
it is easier to perform the work in the standardized way than in an incorrect way. When
we work with people with less industry experience, language skills, hearing, sight, or
cognitive function variation, it becomes extra beneficial with the clarity achieved with
standardized work, even if it naturally benefits everyone. An advantage is that with an
agreed standard, it is also easier to detect any incorrect ways of performing work steps
[18]. To work effectively, the standard needs to be designed so that all risks are
considered.

A first steps in standardized work is to have the workplace in order, "A place for
everything and everything in its place" are key words used in this and 5S is a method to
reach an appropriate order. A visual standard is common for showing where tools and
work items should be placed. Next step is often to note all the work steps that need to be
performed, in order, in a standard operation procedure (SOP). In the SOP notes on which
sub-steps may go wrong and may risk health of the staff or quality of the product. A
classic SOP can be complex to read and understand, but visualised SOP that include
pictures can be used as visual instructions. One challenge regards information exchange
where both too much information and not enough information can be problematic [20]
Personnel then need to be trained in the specific job skills following the SOP [18]. An
SOP is not enough to train unskilled personnel in all details of the work, but. is necessary
for both efficient continuous improvement and job training. Critical issues and risks for
mistakes that still occurs can be handled by error proofing or ‘poka-yoke’ as a problem-
solving resolution [9].

It may be important to consider lean principles in specifying and designing the
production equipment and to link sustainable and lean equipment design. Safety of
operators, flexibility, quick changeovers, error proofing, reliable maintenance, energy
efficiency and one-piece flow are mentioned as important to account for when designing
production equipment in general [21] and physical ergonomics influence the quality
result of an assembly operation [22]. In inclusive work aiming at designing workstations
for personnel unaccustomed to industrial shop floor work Safety of operators and error
proofing is particularly important. Human failures connected to ‘error proofing’ include
e.g. slips, perceptual errors, rule based, mistakes and violations [23]. In manual assembly
with inexperienced workforce, mistakes can be dangerous and thus be pinpointed safety
and simplicity as a critical factor in designing the workstation.

Variation involving decreased physical or mental capacity of the workforce
emphasise the need to design the workspace and work tasks fault proof Reduced speed
of work or productivity can often be compensated for financially, but requirements for
quality and safety are not can usually not be compromised. In industry, fault protection
has long been developed to make it "impossible" or at least difficult to make mistakes.
In the lean sphere, these solutions are called poka-yoke [24]. To find solutions for
effective inclusive work, one can use a process that involves well-known techniques for
standardized work processes, visualization, and user-centred design [5]. In lean “training
within industry”, each job element is trained under supervision of an instructor. The
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instructor shows how to do the job correct and safe, then coach the employee in their
attempts. Daily repetition of the job-instruction with the instructor is recommended [25].

3. Methodology

This is a case study and includes a) a qualitative study on key factors for universal design
b) improvement suggestions based on a) and c) a draft for universal design. The
qualitative study at Husmuttern consisted of an interview study and observation and trials
which are presented in 3.1 and 3.2.

3.1. Interview study

Eight interviews with nine participants were conducted in the project where the aim has
been to find key factors and principles that can be used to improve Husmuttern's concept
(in one interview two participants were interviewed). Six women and three men were
interviewed remotely; during a conversation, two people were sitting in the same room.
Three of them work to get people into work who have had difficulty finding work
themselves for various reasons (work in, for example, the labour market unit and
occupational therapist), and four of them were employed by Region Vistmanland. Due
to the pandemic, Husmuttern's concept was used to develop a design for the installation
and manufacture of protective coats for Visteras Arena. Therefore, leaders for the work
were interviewed, three of whom were newly hired supervisors who taught and further
developed the standardized way of working to volunteers and then also to holiday
workers. The interviews were conducted in June-August 2020.

The analysis collected 111 statements in line with content analysis [26] and 32
categories of factors were found. According to the method, some of the synonymous
categories were combined into 12 key factors (as some of the categories were similar and
had few statements). The factors with the least number of statements were then screened
out. The final number of statements were then 89. Six key factors were divided into two
main headings: Individuals and Work Methods. The key factors that were most important
for universal design are: Personalization, Structured approach, Learning, Physical and
cognitive variation, Motivation and Everyone can be involved. See Table 2 for the key
factors and the number of times they were identified in the interviews.

Table 2. Key factors for universal design

Key factors for universal Type of factor Number of times identified in
design interviews

Personalization Individuals 26
Structured working methods Working method 19
Teaching Working method 13
Physical and cognitive variation Working method 13
Motivation Individuals 10
Everyone can join Individuals 8

The key factors are presented in the results section.
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3.2. Observation and trials

In addition to the interviews, observations and trials of the production concepts were
performed. Three of the authors have done observations on others working in the system
and tried some operations to get a deeper preunderstanding of the important parts of the
concept. One author has also done extended trials of the assembly system for both minor
assembly operations with process time of a couple of minutes and more complex
assemblies of tool board with a process time over an hour (for an untrained person) and
studied the development of the standardisation and poka-yoke of the system.

4. Results and synthesis

The result section summarizes the interviews and observations. It is structured according
to the WHO model, in personal and environmental factors. A section about outcomes
was added since that perspective is relevant in a production context.

4.1. Personal factors

The design of a workplace needs to be adapted, i.e. personified, for the different
conditions the individual has. Individuals have different personalities, pace, training
time, habit of taking in information, working methods that suit them best, and different
languages. It therefore varies not only with any functional variations but also with how
accustomed people are to taking in information. It is then important to adapt the
information to an individual, to see what he/she needs, to then try and adapt and be
careful to choose a design that enables the person (and not limits then). The personal
factors in the model consists of three parts: i) skills, ii) health conditions and iii)
psychological factors. To ensure that the individual produces good outcome, skills are
needed. This was seen in the interviews where teaching and work experience were
discussed.

There were many ideas about learning where those we interviewed described the
learning process in their own way. Instructions can be i) explained in a simpler and faster
way ii) explained at a certain pace and then give time for questions or iii) to have a short
intro, then work together. To create good conditions for learning, there are some keys:
self-esteem, focus on the action of, for example, walking / driving, working with them
and explaining why. Two different methods have been described: the accordion model
and see-hear-do. The accordion model involves performing alternating work together.
Each step is done together with the person who trains or who is to learn, which means
that it becomes a community, security and strengthens the conditions for a good
experience. In the see-hear-do method the trainee first looks at what should be done and
explains it, then the trainee should do it themselves while getting support if needed. In
addition, language skill was important. Individuals that have language difficulties do not
have the same ability to work in the assembly as those that know the language. This is
due to many aspects e.g. language skills are sometimes needed to read assembly
instructions or get trained by a trainer.

Health conditions from the WHO standard are relevant since functionality is used
to describe the body function and body structure status. Psychological factors are
relevant in universal design, which was highlighted by the key factors found in the
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interviews. When an individual goes back to work, motivation is one of the most
important aspects. This applies both in an investigation, for a successful introduction of
work and for the individual to develop further. Therefore, it is important that the
individual is constantly involved in the assessment and feels that it revolves around
his/her needs. An adaptation that, for example, the labour market unit makes when they
write their assessments of the individual is that they formulate it so that the individuals
themselves understand and recognize themselves.

4.2. Environmental factors

The workplace is an important aspect of work seen both in literature and interviews. The
following parts were found relevant: cognitive work design, physical work design and
social factors. When new ways of working are to be developed, they need to have
structured rules that everyone can relate to. If there is no structured way of working, it
allows for various ways of working which may introduce errors. Working with
standardized working methods enables clear instructions and creates a space for
improvement where everyone can be helped. In assembly systems, layout and method
changes are introduced to reach lean principles like; flow-efficiency, shorter lead-times,
improved teamwork, and resource utilization. Here we notice in observations, trials and
interview answers that in order to become more inclusive and more sustainable in
addition to “hard” principles such as “safety first” and implementing tools like poka-
yoke, standardisation and digital visual instructions [9], there is also need for the “soft”
principles of “teamwork” and “inclusive culture” where coaching leadership and daily
team meetings are typical methods to implement. It is also important to assure that
implementation of the methods and tools of the “hard” principles are not contradicting
the methods and principles of the “soft” principles.

In the interviews, cognitive variation was not often mentioned. This may be because
physical variation is a more established and visible variation. However, it is important
that both types of variations are included in a change work. From a cognitive variation
perspective, instructions should be adapted to the assembly activity and LOD-model as
described in Mattsson et al. [11]. In the context of universal design this means that the
layout and environment should be adapted so that it supports the persons active cognitive
processes e.g. when intuitive work is performed pictures should be used instead of having
a lot of text. From a psychical perspective by implementing small changes, it is possible
to adapt the working method to the functional variation. An example is in the
manufacture of protective coats when the table was lowered for a volunteer in a
wheelchair and that material had to be delivered there to avoid contamination of the
protective coat. Another time, the folding procedure had to be changed. Some elements,
on the other hand, were physically demanding work, which is difficult to work with for
a long time, regardless of physical variation. Social aspects are also relevant here as seen
in the Husmuttern AB case. That all individuals are included, and everyone can join was
argued by interviewees to be important. Every individual is different and has different
conditions. Even if the same instructions are used and that certain adjustments need to
be made for them to be carried out in the right way, it is possible to relate to the vision
that everyone should be able to participate. This is an important part of being an
“attractive employer” today according to the interviewees. It is about solving problems
and at the same time looking after the individuals. Although, there are work steps in the
workplace that are not suitable for everyone, but as described in the other factors, it may
be important to see opportunities and not obstacles.
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4.3. Outcomes

The productivity factors are important to understand how the outcome is affected by the
workers different and often lower ability to produce. Both average values of the factors
and the variation in the factors are of importance to reflect upon. There is probably a
certain lower limit for productivity for a certain person at a particular work task, where
it is of more harm than benefit to the production system, even with subsidized salaries.
The productivity model clearly shows how a lower physical ability to work fast can be
compensated by all other factors. The most important factor is the method factor, to
design the workplace to be efficient despite disabilities of the workers is a key. However,
without motivation and proper training there is no point of investing in a better workplace
design. The availability factors are very much about reducing variation. The need-based
availability rate can be different for different individuals due to the physical condition of
the person, but it should be consistent to make productivity predictable. The system
designed losses cannot generally be affected by the workers, it is more of a management
issue to deal with. The disturbance affected availability rate can in some cases be affected
by the worker, if the worker is causing break downs by for example using equipment the
wrong way. That can be avoided by an extra focus on these issues during training.

4.4. Synthesis — A model for universal workplace design

Based on the WHO standard, theoretical frame, the key factors and improvement the
following model the Figure 2 was suggested. The model consists of three levels: 1) the
person, workplace and outcomes. The outcomes depend on the personal factors and are
affected by the workplace factors.

The person Work place Outcomes
(Personal factors) (Environmental factors)

Assembly

activity

Figure 2. Synthesis of universal design in assembly with the following factors: personal factors, environmental
factors and outcomes of universal work.



194 S. Mattsson et al. / Synthesis of Universal Workplace Design in Assembly

The first two levels originate from the WHO standard model i) personal factors and ii)
environmental factors and includes aspects found in the literature review. Universal
design is theoretically related to workplace health promotion and might meet the same
type of challenges when putting strategies into practice. Workplace health promotion
seem to benefit to be evolved in core business continuous improvements rather than a
parallel project (Skagert & Dellve, 2020) and it might be the same for universal design
of workplaces. That is a strength of the Husmuttern concept.

4.5. Reflections - How should companies use this?

It is difficult to ensure that everyone wants to participate and there may be reasons why
an individual may not want to participate. On the other hand, it is possible to create an
inclusive environment, where as many people as possible feel welcome. One way to do
this is to create a learning environment which can enable several different types of
individuals to be included. The individual's characteristics i.e. personal factors can both
be enabling or limiting for learning [28]. A well-conducted analysis phase can create
good conditions for the content part of an acquisition process, however, the individual's
driving force and motivations must be understood and supported. This can be beneficial
for the basic understanding of how people work and how they learn, but it is not easy to
teach in a simple way for SME:s; it would take too long. It can also be difficult and time
consuming to examine individuals' drive and needs. By focusing on different obstacles,
it may be possible to identify and understand the symptoms of why an individual does
not want to participate.

5. Conclusions

Universal design regards several aspects that needs to be included in a solution for
manual assembly. There are many trade-offs that needs to be considered. In this paper
several research areas were combined to form a synthesis that could support companies
in reaching a more universal design strategy. In addition, ethics and safety are relevant
demands and laws and its relation to efficiency is crucial for production. Therefore, the
suggested model should be used to discuss universal design and set a strategy for how
companies can design manual assembly in a more universal way.

Acknowledgement

This paper is connected to the Vinnova funded project UUAAMM (dnr 2020-00401).
We would like to thank our project partners, our interviewees and Eskilstuna
municipality's Labor Market and Adult Education Administration, Individual Placement
and the Support Unit (IPS Unit) and the Swedish Public Employment Service's support
for introduction and follow-up support (AF-SIUS).

References

[1] Fundacion ONCE & ILO Global Business and Disability Network, Making the future of work inclusive
of people with disabilities, (2019), downloaded at https://www. ilo. org/global/topics/disability-and-
work/WCMS_729457/lang--en/index. htm.



9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]
[18]
[19]

[20]

S. Mattsson et al. / Synthesis of Universal Workplace Design in Assembly 195

Keates, S., Lebbon, C. and Clarkson, J., Investigating industry attitudes to universal design. In:
Proceedings of the RESNA 2000 Annual Conference: Technology for the New Millennium. RESNA Press,
Orlando, Florida, 2000, pp. 276-278. ISBN 0-932101-42-9 ISSN 0883-4741

Lofven S., Regeringen satsar pa moderna beredskapsjobb i staten (in Swedish) The government is
investing in modern emergency jobs in the state, presentation and memorandum, Government Offices of
Sweden, 1 May 2016, downloaded 2016-12-30 at http://www.regeringen.se/498a37/contentassets/
f50e0b1454¢14449946¢23e4e44bb4b0/presentationsmaterial.pdf

Pyke, F. (2018). Managing technological change for inclusive growth. Cambridge journal of economics,
42(6), 1687-1695.

Romero, D., Stahre, J., Wuest, T., Noran, O., Bernus, P., Fast-Berglund, A., & Gorecky, D. Towards an
Operator 4.0 Typology: A Human-Centric Perspective on the Fourth Industrial Revolution Technologies.
In International Conference on Computers and Industrial Engineering, 2016, October (CIE46)
Proceedings

Mattsson, S., & Fast-Berglund, A. How to Support Intuition in Complex Assembly? Procedia CIRP, vol
50, 2016, pp.624-628

Null, R. (Ed.). Universal design: Principles and models, CRC Press, 2013.

Hambali R.H., Mohamad E., Ito T. Ergonomic Design for Assembly Manufacturing Workstation Based
on Universal Design Principles. In: Shin C.S., Di Bucchianico G., Fukuda S., Ghim YG., Montagna G.,
Carvalho C. (eds) Advances in Industrial Design. AHFE 2021. Lecture Notes in Networks and Systems,
vol 260. Springer, Cham. https://doi.org/10.1007/978-3-030-80829-7 106

Kurdve, M., Digital assembly instruction system design with green lean perspective-Case study from
building module industry, Procedia CIRP 72,2018, pp.762-767.

Kurdve, M., & De Goey, H. Can social sustainability values be incorporated in a product service system
for temporary public building modules?. Procedia Cirp, vol 64,2017, pp.193-198.

Mattsson, S., Fast-Berglund, A., Li, D., & Thorvald, P. (2020). Forming a cognitive automation strategy
for Operator 4.0 in complex assembly. Computers & Industrial Engineering, 139, 105360.

Sheridan T.B., Supervisory control Salvendy G. (Ed.), Handbook of human factors, Wiley, New York,
1987, pp. 1243-1268

Stahre, J. Towards human supervisory control in advanced manufacturing systems. Chalmers University
of Technology, Géteborg, 1995

Tangen, S., Demystifying productivity and performance, International Journal of Productivity and
Performance Management, Vol. 54 No. 1, 2005, pp. 34-46.

Giinter, A. and Gopp, E. (2021), Overview and classification of approaches to productivity measurement,
International Journal of Productivity and Performance Management, ahead of print,
https://doi.org/10.1108/IJPPM-05-2019-0241

Almstrom, P. Productivity measurement and improvements: A theoretical model and applications from
the manufacturing industry, /FIP Advances in Information and Communication Technology, vol 398
(PART 2),2013, pp. 297-304.

Kanawaty, G. (Ed.). Introduction to work study. International Labour Organization. 1992

Liker, J. K., & Meier, D. The Toyota way fieldbook: A practical guide for implementing Toyota’s 4Ps,
McGraw-Hill, NY, 2006

Liker, J. K. The Toyota Way : 14 Management Principles from the World's Greatest Manufacturer, New
York, NY: Mcgraw-hill 2003.

Bruch, J., & Bellgran, M. Creating a competitive edge when designing production systems—facilitating
the sharing of design information. International Journal of Services Sciences, vol 4(3-4), 2012, pp.257-
276.

[21] Mohammadi, Z., Shahbazi, S., & Kurdve, M. (2014, September). Critical Factors in Designing of Lean

[22]
[23]
[24]

[25]
[26]

[27]

and Green Equipment. In Cambridge International Manufacturing Symposium (CIM conference).
Eklund, J. A. Relationships between ergonomics and quality in assembly work, Applied Ergonomics,
Vol.26, 1995, No. 1, pp.15-20.

Hobbs, A., & Williamson, A. Associations between errors and contributing factors in aircraft
maintenance. Human factors, 45(2), 2003, pp. 186-201.

dos Santos, A. & Powell, J. Potential of poka-yoke devices to reduce variability in construction.
Proceedings IGLC, July 1999, Vol. 7, p. 51).

Soltero, C., & Boutier, P. The 7 Kata: Toyota Kata, TWI, and Lean Training. CRC Press; 2012

Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis. Qualitative health research,
2005;15(9):1277-88.

Skagert, K., & Dellve, L. (2020). Implementing Organizational WHP Into Practice: Obstructing
Paradoxes in the Alignment and Distribution of Empowerment. Frontiers in Public Health, vol. 8,no 949,
2020.



196 S. Mattsson et al. / Synthesis of Universal Workplace Design in Assembly

[28] Nilsson, J., & Sandin, F. (2018, July). Semantic interoperability in industry 4.0: Survey of recent
developments and outlook. In /EEE [6th international conference on industrial informatics (INDIN)
2018 (pp. 127-132). IEEE



