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Workshop-Based Work Systems Design

P. Nyhuis,

Abstract— This paper discusses the prerequisites and pros
and cons of applying a participatory approach to wdk systems
design. The point of departure is the idea that corentional
approaches are unable to equally accommodate the a@e of
economic efficiency and work humanisation Thereforethe
impact of the human factor is illustrated in the run up. The
paper introduces a new concept for a ‘Workshop-BaskDesign
of Work Systems’ that is founded on a participatoryapproach.
This approach aims at combining advantages of expertand
worker-based approaches and promoting synergy betvea
workers of different hierarchical levels. The implenentation of
the concept at a car manufacturer is illustrated ina case study.

Index Terms— Ergonomics, Participatory approach,
Production system, Work Systems design.

I. INTRODUCTION

Germany’s manufacturing companies are currentinéa
heavy competition from so-called ‘low-wage courgtidue to
globalisation [1]. High labour costs, bureaucrailistacles
and an increasing number of older employees due
demographic change are disadvantages which must
counteracted with a high level of flexibility in gutuction
facilities, excellent product quality and work sysis designs
that are suitable for older people. As a resultyufecturing
companies are under great pressure to adapt tohhienge
by rationalising and by creating ergonomic worktsyss
designs. An approach for designing work systemshiees
developped at the institute of productions systeansl
logistics. This new methodological approach is ased in
the following towards how to resolve the conflietleen the
goals of economic efficiency and work humanisatiowork
systems design. Examples from a case study dortbeat
foundry of a German car manufacturer will illustrélhe new
approach.

II. THEHUMAN FACTORIN WORKSYSTEMS

In industrial production, human labour is donedrcslled
socio-technical systems. A socio-technical systerone in
which humans, machines and organisation coopemte
manufacture products.

Humans are in the majority of cases the most efiici
element of the work system [2, 3].
characteristics of humans are: independence, flayjb
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creativity, skills and expertise.

Because humans are able to think independenty, th
are capable of taking initiative and setting otliactive
elements within the work system into motion. Thexilbility
of humans is an advantage when there are jobsdorewith
different content. Human labour is usually needduemnv
technology-oriented planning has reached its limitshas
failed. During a cycle of problem solving, workecseativity
can be optimally cultivated provided there are faable
conditions. Thanks to their professional perforneaskills
and expertise, humans are able to perform theikstas
effectively while functioning as ‘dynamic knowledgkata
banks’. Their knowledge and experience helps therind
the best way possible to perform a task. In an ppen
communicative corporate culture, this knowledge and
expertise can be profitably utilised for work syssedesign
and/or productivity and quality improvement.

Ill. ANALYSIS OF CONVENTIONAL APPROACHES
to TOWORKSYSTEMSDESIGN

beThere are many approaches to designing work sysiamhs
processes in operational practice. What is decigore
successful planning, however, is choosing the right
methodological approach. The objective of applyrgertain
method is to systematically and methodically suppor
planning activities and gain objective planningoimfiation
[4].

Conventional methods can be categorised into 4 mai
types that will be described in more detail beleeg Figure
1).

Methods
Expert-based Consultative  Participatory

Delegative

Complexity +

Economic efficiency bl

Characteristics of
planning tasks

Ergonomics = i

Rigure 1. Analysis of conventional approaches tarkw
systems design
Both expert-based and consultative methods are omtym

The five mairk'sed by management. In general the more planngig @re

complex and economically relevant, the more thesthous
are used (see Figure 1). Typical expert-based rdstinat are
used in operational practice are simulations [Bege design
measures focus mainly on the best possible impletien of

technology. They regard the human production faamm
‘black box’ because of human quantitative avaiigbiand

human skills are therefore not taken properly axtoount. In
consultative methods, at best workers may be asksubgest
their own ideas for solutions. Experts, howevesgeree the
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right to pick and choose from workers’ suggesti@msl
requests.

The advantages of these methods are that desigrizec
developed quickly and projects can be managedivelat
easily. The main disadvantage is that experts tenckly
heavily on figures and limits when designing woyktems.
Several research and consultative studies havendatd,
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IV. WORKSHOP-BASEDNORK SYSTEMSDESIGN

The ‘workshop-based work systems design’ is
methodologically participatory approach to work teyss
design. The primary goal of the approach is toctiffely
combine the knowledge and skills of experts andkexs as
well as to utilise the synergy between workers faifferent
hierarchical levels and planning units. The apphdadased

however, that workers were not always able to peTfo on ysing a workshop for generating designs. lteist Isuited

required work tasks without physical pain even winenlegal

limits and limits determined by natural sciencesreve pqy long the workshop should meet is dependent upon

for projects to reorganise production areas. Hoterofind

observed. This can be explained by the fact that theyeral different factors, such as the degree afrhg task

physiological tests used in most simulation progres are
done a bottleneck-like manner and can only incaoa
single stress factor on a single affected bodilgteay or
organ. Another disadvantage of this method is thiergial
resistance of workers who are also not very williagnake
changes and cooperate with implementation.

complexity. Generally, workshops can last from aimum

a

of half a day to a maximum of three days. Practical

experiences with transfer projects offer additigaralbof of the
necessity of engaging an external and independe&teps
consultant for workshop moderation. This processatiant
should have excellent skills that allow him or berfind a

Many examples of participatory work systems desigfajance between expertise and independence whitingo

can be founded in operational practice [6, 7]. Gakgative
approach offers more participation by entirely editing
planning tasks to workers. Participatory as welllelegative
methods are commonly used, when the planning tasid a
high level of details or for ergonomicals issuese(Bigure 1).

The greatest advantages of integrating workers théo
designing and organising process can be dividea tiwb

the workshop. As an expert, he or she must intedyiator her
own expertise and experience into the planninggs®dn an
efficient manner, while at the same time, as a mratde, he or
she must also observe, assess and shape groupidyriam
create the best possible atmosphere for dialogue.

The workshop-based approach to work systems désign
has been developed can be broken down into 8 stggimses

categories: economical and human advantages. From @ee Figure 2). These steps are discussed as $ollow

economic point of view, worker participation relgsvindirect
production areas and specialist departments fraannuhg
tasks and allows workers to react more quicklyisoughtions.
The otherwise unused potential of workers is atdivaand
can be utilised effectively. This gives the orgatizn more
flexibility. From the human point of view, this press
promotes the development of skills and expertistaénlong
term. The designing process lends a variety tdabkks that
must be done, allowing workers to develop theispeal and
professional skills. These advantages are modtlgreefit to
the planning process itself. Participation ensthasthe input

values remain dynamic, meaning workers monitor the

relevance and content of incoming information fde t
planning process and can make adjustments accéyding
regards to ‘lean planning’, the workers affecteé atso
integrated into the planning process and are belst @
identify the types of wasteful spending and to esgguitable
solutions [8]. A case of ‘over-planning’, for exalmgan be
identified by workers by the amount of unnecesslatgil and
be eliminated early on. Finally, when involved e fprocess,
workers are more willing to accept the planningifss which
increase the likelihood of smooth implementatiorheT
disadvantages are that this method requires gretitet for
reaching an agreement and more time for planning.

1:
Work system analysis

and preparation \
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Launchingthe
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2

Implementation
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T
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Figure 2: Workshop-Based Work Systems Desgin
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Defining design
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-
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A. Work system analysis and preparation

For this approach, a comprehensive work systenysisas
necessary. The areas of potential optimisatiorhé work

system are identified with the help of interviews o

computer-assisted assessment tools. The collecié&d id
evaluated and analysed, consolidating the infoonatfiat is
especially relevant for planning. The work arealysiga also

Although the advantages of integrating worker intdefines the basic conditions and determinantseptanning

planning are well-known, there is a lack of degjgidelines
and experience with the actual procedure and thengial
stumbling blocks that may be encountered alongvihg.
These and other problems with this method are disul
below.
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process. These can be divided into the categofipsoduct,
production, workers and organisation.

Organisational measures are a decisive step in
preparation phase. They include, for example, tbdarator
agreeing on a time for the workshop with a reprege®
from the company and/or work area in question. piugect
team should include workers from every necessamrphg
unit so that different interests can be taken &doount.

The project team should be limited to a maximum f
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members for it to be most effective and efficielhor the

determined for each particular design area. Bé®@mmended

duration of the workshop, the company’s hierardhicahat criteria be selected in agreement with all kebop

structures and other external restrictions shoeldginored.
Organisational tasks, such as setting up a roomiravitihg
representatives to join the workshop, should bettefthe
company or team representative.

B. Launching the workshop

Before kicking off the workshop, organisational test
must be addressed first. How long the workshop Ishiaist
should be determined, for example. It is also ingutrto go
through the checklist of required data to ensui, tfor
example, planning input such as the production cudeeis
available. In order to bring all participants update, a
presentation of the analysis results has proverbdaoa
tried-and-true method. Participants are thus bedtde to
focus on the chosen design areas.

C. Defining design areas

During this phase, the workshop identifies the suafahe
current work system where improvement is neededtlaunsi
designates the design areas. Based on the rekattalgsis, a
list is drawn up of the designated problem aredsatveeds
to be done in the work system is determined bygratsing
problem areas according to priority. Typical desigeas are
operational areas in the workplace and transpatrtaaterials
flow. It is recommended that these designated abmas
discussed within their own workshop sessions. eroldreas,
however, should also be looked at from a holistinp of
view. Their causes should not only be analysethéir tocal
context, but in connection with other design aashat the
system can be improved as a whole. High throughipts,
for example, are not only caused by long procedsimes, but
also by long transport times. For this reason,amby should
processing be improved by redesigning operatioms but
transport routes should also be reduced by recsiganthe
materials flow.

D. Setting targets and assessment criteria

During this phase, relevant targets and assessrigria
are established for the design process. Work hisatdon
and economic efficiency aspects of the developguagzh
are also brought to the fore. Projected goals shoat only
focus on what needs to be done but should alsapocate
the work area’s and the company’s future targetsgxample
product quality improvement. Setting goals shooltbfv the
SMART rule, meaning goals should be Specific, Mealsie,
Achievable, Realistic and Time-bound. Quantifyimggets
especially makes it possible to assess solutiorterins of
being able to achieve goals.

So that later design variations can be considered,

assessment criteria should be determined. Theseriari

members. This ensures that the final designs withécepted
by all planning units. Furthermore, experience virdnsfer
projects has shown that a maximum of 12 criterizukhbe
selected for each design area because this hasrprav
reasonable number for comparing pairs.

Determining goals and choosing assessment criegia
vital for setting the course for the workshop, gutential
conflicts may arise during this phase. Differerdugrs will try
to assert their own interests. It is the moderatgob to
identify and react to problems quickly by applyitige
appropriate  skills of moderation. Using cards
brainstorming has proven to be a useful tool fis thhase.
This ensures that everyone’s voice is heard andteoacts
the dominance of certain workshop participants.

for

E. Concept development

To develop a design concept is to provide the basic
conceptual framework for each design area. In #bép,
constructing a design should rely on the princigk
establishing variants [9]. This means that paréinip should
not latch onto the first best solution, but shamdo maintain
an overview of all potential solutions for a desayea.

In order for a design to be successfully develpoped
things are required: a constructive exchange betwee
workshop participants, and the use of differentlgoof
visualisation. When trying to come up with ideasyesal
techniques, such as cards, call out lists, Flashbgd mind
mapping, can be used. These techniques encourage
participants to interact with one another. The wbdp
moderator should also have enough experience and
‘craftsmanship’ to be able to choose the best tool.

The different solutions are discussed with thep hafl
visual tools. In the workshop approach, the moderaan
draw with felt pens on flipcharts or use the Offi¢esio
programme. In practice, other visual tools, suclplaaning
tables and cardboards, can be used [6, 7]. Thenaimid's job
is to select the best possible methods of visuaisaor
planning tasks in advance of the workshop.

F. Efficiency analysis and reaching a decision

In order to decide which alternative is an adeqsakation,
it is useful to conduct an efficiency analysis cdicle
alternative. The first step is to enter the defiasdessment
criteria in an Excel tool designed for this purpoghis tool
allows the possible solutions to be judged accgrdinthe
defined criteria. The design with the highest partscore is
favoured.

Although this tool is undeniably useful, it is mev
superior to the group’s decision. Should the mgjoaf

should be divided into two types: economic and MuMgy,ricipants be against the favoured solution, hiart

criteria. Economic criteria, such as efficiency ayubd part
output, can be used to assess the organisatioteadtiads of a
work system. Human criteria, such as aspects afnengics
and communication, can be used to evaluate thenengic

work systems design. It is important to keep in dnin

however, that it is not possible to establish ursakcriteria
for all design areas. For this reason, new critehiauld be
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alternatives may be discussed. This means thgblémning
steps C to F should be repeated before continairdgetail
planning.

G. Detail planning

The goal of detail planning is to work out all th@ncepts
within the favoured alternative and to make it asige
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solution ready to be implemented. During this phasefthe work area, the team leader and the groukegperson

constructional and technical restrictions are gispecial
attention. In ergonomic work systems design, theriace
between human and workplace is designed in dethib
design of operational areas should be based ngt aml
industry standards (DIN EN ISO 6385), but alsotendctual
conditions of the work area in question.

H. Iplementation
The basis for implementing the design is the pliaaction

formed the monitoring committee.

VI.

When weighing the arguments and insights gaineth fro
previous transfer projects, the limits of the depeld
approach become clear. There are arguments botanfbr
against the ‘workshop-based work systems design’ as
illustrated in Figure 3.

WEIGHING THE ARGUMENTS

established in the workshop. Emerging tasks, nacgss “ “

strategies of cooperation and intersections aeidémtified
and dates are set. Detail tasks such as schedutirigshifts
and training sessions should be allocated to ptamuc
workers. This ensures that they identify themseivitls the
planning results and are willing to carry throughthw
implementation. Specialty departments should famconly
as consultants. The work area leader, and/or temdel,

= More time and effort neededto reach decisions = Synergy between workers from dfferent hierarchical

= Longplanning process levels

= Notfor all types of planningtasks = Combination of expertand worker knowledge
= Dynamicsof planninginput
= Process-ofientation

= Production workers identify with planning results

Figure 3. Weighing the arguments for and agaimstriew
approach

should also support the workers while monitoringe th  The advantage of utilising the synergy between ek

progress of implementation and also serve as aatwedihen
necessary.

V. CASESTUDY

The following operational experiences with this aggch
are taken from a project carried out in cooperatigth a
German car manufacturer. The context for the ptojes to
reorganise manufacturing processes in the compényslry
because the price of raw materials and competitazhrisen
sharply. Another reason the project was done wakex®
demanded the optimisation of ergonomic work systems

A work area analysis was done in cast core producénd
several aspects where strain was put on workersttagid
health was endangered were identified. Cases wthere
physical strain of static and dynamic muscular wathort
work cycles and harmful posture played a role vesgecially
singled out. Analysis was also done on materials fand
flow of economic values and it was established tiherte were
high levels of work-in-progress and long, overlaggpi
walking and transport paths. In the workshop, tiy@eomic
design of work stations, the handling and transpamtesses,
and maintenance processes were identified as des&s.
Another design area was the work area layout. Aividual
workshop session was organised for each design atea
work area leader, team leader, works council remtasive,
planner, representatives from surrounding work sraad
group spokespeople from all three levels were erptioject
team. Improving productivity and quality were set the
highest project goals. Designing a work area irt case
production that would meet the challenges of dewolgjc

from different hierarchical levels is listed nexd the
disadvantage of needing more time and effort toctrea
agreements during preparation and implementatiothef
project. Setting time frames is especially diffidal practice.
The approach also demands that the moderator hadepith
knowledge about the work system that will be desiQThis
means conducting a thorough work area analysisrdefo
leading the workshop. The argument that the wonsho
combines the knowledge and skills of both expend a
workers must be weighed against the argument ofaimg
an experienced moderator. In order to lead the stk the
moderator must have flexible skills. On the onedhdre or
she must serve as a consultant with expertise laune about
the work systems to be designed, while on the dibad, he
or she must also be able to assert these ideas alkd acting
as a moderator. The moderator's expertise showd bé
reflected in the planning results. The dynamidhefplanning
input, which ensures the up-to-datedness and ceoemgss of
the information required for planning, is decisii@ the
quality of planning results. However, this argumeagins to
lose relevance the longer the planning processstakbe
approach presented is characterised by its higel le¥
process-orientation. This is what allows the appinot be
holistic.

The limits of the approach become clear, howevéierw
looking at the system as a whole because it cammapplied
to all planning tasks. It would not be possible,dgample, to
create a detailed design for complex and highihneal
production systems with this approach because vtioatd
exceed its time limits and organisational capadityis type
of planning would additionally be inefficient inrtas of time

change was also set as a goal. The assessmentacritand organisation. The key advantage to this apprisabat it

included, for example, reducing walking distances #e
amount of multiple handling in order to make trasrsp
processes more ergonomic. To generate new ideas,
workshop relied mainly on cards and call out leggools.
After conducting an efficiency analysis, the fawedir
designs were handed over to the production groapshe
detail planning. For this purpose, a comprehenpias of
action was drawn up. The planning unit / departnodietred
its support to the production groups as consultdrie head
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lets workers identify strongly with the planningsudts. It
increases their motivation and helps prevent &iictvhen the
tresign is implemented. The counterargument is tiat
proven results exist regarding the relation betwaenker
motivation and a long-term increase in productivity

VIl. CONCLUSION
The hypothesis this paper set out to prove was that
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achieving a balance between human and economéeiarih
design can best be done by using participatory oasth

At the Institute of Production Systems and Logsstithe
concept of ‘workshop-based work systems design’aas
participatory approach has been developed. Theapyigoal
is to effectively combine the knowledge and skdfsboth
experts and workers and utilise the synergy betwewskers
from different hierarchical levels and planning taniThis
approach offers a solution to the conflicting goas
economic efficiency and work humanisation by allogyi
workers and managers to agree on the targets ardsasent
criteria for new designs together. It also shows hamrker
participation and lean planning can be combineuinjarove
the quality of the planning process. In presentitig method
a categorisation of conventional approaches to sgsgtems
design according to type has been done.

Finally, previous experiences with transfer praeatre
discussed in a case study in order to provide gjnike for
design planning and to increase awareness.
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