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Abstract The demographic change has a substantial impact on the age structure of 
manufacturing enterprises. The specific needs of older employees have to be con-
sidered thoroughly in the design of future work systems. Today, many enterprises 
organize their processes according to the principles of lean production systems. In 
order to achieve a sustainable implementation of age and aging appropriate work 
design,	the	existing	lean	production	systems	need	an	appropriate	modification.	The	
paper	presents	an	analysis	of	today’s	work	design	concerning	age	and	aging.	Fur-
thermore, it introduces four approaches for age and aging appropriate work in lean 
production systems.
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1  Introduction

The demographic change is one of the key challenges that the European Union 
needs to overcome. Indicators for a demographic change are found in all EU-27 
countries	but	some	of	them	are	affected	more	severely.	For	example,	compared	to	
the other EU-27 countries Germany shows one of the lowest fertility rates, one of 
the	highest	life	expectancies	and	the	oldest	population	which	is	already	declining	
[8].

At	the	moment,	about	50	million	people	in	Germany	are	in	an	employable	age.	In	
2060,	it	might	be	only	33	million.	[2] A second important development in this con-
text	is	the	rising	labor	participation	of	older	workers.	In	2000,	38	%	of	employees	
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aged	55–64	were	 in	gainful	employment.	Only	 ten	years	 later,	 this	 share	 rose	 to	
58	%.	[1] Therefore, enterprises have to cope with these unprecedented challenges. 
In	 this	 context,	health	and	especially	occupational	health	and	 safety	will	gain	 in	
importance. Enterprises have to assure the achievement potential during the whole 
working life. In order to cope with the changing abilities of older workers, espe-
cially manufacturing enterprises have to improve the age and aging appropriate (A3) 
work design.

Today’s manufacturing industry designs its processes according to lean produc-
tion systems (LPS), which represent state of the art manufacturing [14]. LPS are 
also called holistic production systems, which aim at the comprehensive and sus-
tainable design of production [6].	However,	practical	experience	shows	that	these	
systems focus on the improvement of quality, time and costs. The demographic 
change and the thereby rising importance of A3 work design have not been regarded 
so	far.	For	a	sustainable	consideration	of	 the	changes	due	to	an	older	workforce,	
A3 work design should be integrated in the widely spread lean production systems. 
Therefore,	 the	principles,	methods	and	tools	of	existing	LPS	have	been	analyzed	
to assess the actual significance of A3	work	design	in	LPS.	Based	on	the	results,	
four strategies were derived that show possibilities for further development of LPS 
towards A3 work design.

2  Work Design in Lean Production Systems

In modern manufacturing enterprises, lean production systems specify the details of 
each and every work process. LPS claim to consider the three aspects technology, 
organization and people [13].

A lean production system (LPS) is “an enterprise-specific compilation of rules, 
standards, methods and tools, as well as the appropriate underlying philosophy 
and culture for the comprehensive and sustainable design of production. An LPS 
enables an enterprise to meet the requirements of today’s business environment, 
taking into account technological, organizational, work-force-related and economic 
aspects” [4].

The superior goal of all LPS is the sustainable elimination of waste in all pro-
cesses. [12, 14]	In	this	context,	waste	is	determined	from	a	customer’s	point	of	view	
and includes all activities that do not add value to the product. As waste elimination 
is	a	basic	approach	in	LPS,	many	descriptions	exist.	The	most	common	are	the	fol-
lowing seven types of waste [10, 12, 14, 15]:	Overproduction,	Waiting,	Transport-
ing,	Over-processing,	Inventories,	Unnecessary	motion	and	Defects.	Some	authors	
name an eighth type, the waste of unused employee creativity [10].

Several methods and tools support the avoidance and elimination of waste. These 
methods and tools are embedded in a superior structure that links the enterprise’s 
strategy	 to	 the	principles,	methods	 and	 tools	of	 the	LPS.	Despite	 the	 enterprise-
specific compilation of LPS, a general structure was identified, which is shown 
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in	Fig.	1. The fundamental elements of LPS are the enterprise’s targets, processes, 
principles, methods and tools [14].

One	of	the	main	differences	between	LPS	and	traditional	mass	production	sys-
tems is the improvement process. In contrast to mass production, LPS use the con-
tinuous improvement of all processes in small but frequent steps. This improvement 
needs various decentralized steps that contribute to the superior goal of zero waste 
[14].

The LPS principles are based on an enterprise-specific collection, which causes 
a variety of principles. Most of them can be traced back to the same eight basic 
principles that have been described in the LPS guideline of the German association 
of engineers [14]. These basic principles will be described in the following.

The elimination of waste is a fundamental principle that has already been men-
tioned above. Since waste is everything that does not contribute to customer value. 
The second principle is the continuous improvement process	(CIP).	Its	aim	is	to	
question all current practices all the time and to improve them frequently. Stan-
dardization of processes is an important condition for the waste elimination and 
continuous improvement process. Standards help to sustain the improved state and 
show deviations from the desired process. The fourth principle, zero defects, con-
tains methods and tools to prevent the appearance and identification of defects. The 
flow principle	helps	to	avoid	excess	inventory,	which	results	in	shorter	lead	times.	
In ideal state, the lead time equals the processing time. The pull principle focuses 
on the material flow as well. According to this principle, every product has to be 
linked to customer demand. Visual management is used to illustrate the actual state 
and the current standards. Thereby, deviations from standards can be recognized at 
a glance. The principle of employee orientation and management by objectives 
includes methods and tools for leadership in LPS.

Fig. 1  Organization	and	
structure of a lean production 
system
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3  Age and Aging Appropriate Work

Due	to	the	demographic	change,	enterprises	have	to	adapt	their	future	work	design	
to	an	older	workforce.	One	response	to	the	increasing	age	of	the	workforce	is	the	
age and aging appropriate (A3) work design. The A3 work design should ensure that 
the processes in enterprises are designed for assuring the achievement potential 
during the whole working life. Therefore the A3 work design contributes positively 
to health, motivation and qualification of the employees across their entire working 
life [3].

The age appropriate work design is aimed at adopting special measures for the 
group of older employees, whose performance has already changed in the course of 
their working lives. In comparison, the aging appropriate work design regards pre-
ventive measures. These preventive measures are supposed to maintain the achieve-
ment potential over the whole working live. Thereby false strains are avoided di-
rectly [9].

A lot of different measures can be attributed to the A3 work design. In particu-
lar,	 these	measures	can	be	allcoated	to	six	different	aspects	[3]: Ergonomic work 
design,	 Promotion	 of	 occupational	 health	 and	 safety,	 Job	 enrichment,	Reduction	
of	time	pressure	at	work,	Implementation	of	exculpatory	working	time	models	and	
Job rotation

4  Analysis of A3 Work Design in Lean Production 
Systems

A	recent	study	of	the	German	Federal	Ministry	of	Labour	and	Social	Affairs	shows	
that	only	5.1	%	of	the	examined	enterprises	design	their	processes	under	age	and	ag-
ing appropriate work aspects. Thereby enterprises have to focus on an A3 work de-
sign to cope with changing conditions [1].	Based	on	these	findings,	the	Institute	for	
Advanced Industrial Management conducted a further analysis regarding A3 work 
design. Since LPS represent state of the art manufacturing, it was investigated how 
A3 work design is integrated in LPS.

The LPS were analyzed in terms of their direct impact on age and aging appro-
priate	work	design.	Furthermore,	it	was	of	interest	whether	the	different	LPS	could	
at least positively influence the A3 work design if they do not have a direct impact.

The analysis was based on the LPS guideline of the German association of engi-
neers	(VDI	2870)	and	the	LPS	of	22	enterprises.	The	considered	enterprises	operate	
in ten different industry sectors. Thus, it was a heterogeneous group. Most frequent-
ly	represented	were	the	automotive	original	equipment	manufacturers	(OEM)	(four	
enterprises)	 and	 suppliers	 (OES)	 (seven	 enterprises).	 Each	 of	 the	 22	 enterprises	
have a specific LPS considering their individual requirements. So, the LPS did not 
only vary in their number of levels of detail, design principles and methods. They 
also differed in terms of content.
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For	comparability,	all	of	the	LPS	examined	were	normalized	to	the	structure	of	
the	VDI	2870.	Based	on	this	standardization,	 the	 targets,	principles	and	methods	
of the various LPS were analyzed concerning their consideration of A3 work de-
sign. As shown before, the A3	work	design	can	be	divided	into	six	aspects.	In	this	
analysis, only the aspects of ergonomic work design and promotion of occupational 
health	and	safety	were	examined.	As	regards	the	promotion	of	occupational	health	
and safety, the focus was on the consideration of occupational safety.

At the target level, no direct consideration of ergonomic work design and oc-
cupational safety could be identified. The enterprise targets rather aim at involving 
the employees in the enterprise processes. They focus on increasing the employees’ 
satisfaction, identification with the enterprise, motivation and longterm employ-
ment. These aspects, however, do not lead directly to an improvement of A3 work 
design in terms of ergonomic work design and occupational safety. At least, they 
increase the motivation of employees and thus have a positive impact on the aging 
appropiate work design.

Furthermore,	it	was	found	that	ergonomic	work	design	is	not	considered	in	any	
of	the	analyzed	LPS	on	the	principle-level.	However,	occupational	safety	is	fixed	in	
five enterprises on this level.

In	the	next	step,	the	LPS	methods	have	been	regarded.	The	analysis	of	the	meth-
ods	 has	 shown	 that	 overall	 21.1	%	of	 the	 805	 considered	methods	 could	 have	 a	
positive impact on ergonomic work design and occupational safety if they were ap-
plied with this aim. Therefore, they are improving the A3 work design potentially or 
directly.	As	shown	in	Fig	2,	5.2	%	of	the	methods	may	improve	the	ergonomic	work	
design.	An	exemplary	method	is	the	job	rotation.	Job	rotation	means	that	employees	
change	their	jobs	in	regular	intervals,	which	avoids	a	one-sided	strain.	Direct	im-
provement	of	the	ergonomic	work	design	is	included	in	only	0.6	%	of	the	methods.	
One	exemplary	method	for	direct	improvement	in	terms	of	the	LPS	is	“ergonomic	
work	analysis	tools”.	The	further	analysis	showed	that	15.9	%	of	the	methods	could	

Fig. 2  A3 Analysis of LPS

 



134 U.	Dombrowski	et	al.

have	a	positive	impact	on	occupational	safety,	such	as	the	method	5S.	Result	of	5S	
is a well-organized workplace based on standardization. This leads to an improve-
ment in occupational safety because of avoiding accidents due to misplaced items. 
Only	 1	%	 of	 the	 805	methods	 directly	 affect	 occupational	 safety.	An	 exemplary	
method for this is “Visualized Safety”.

Corresponding	results	have	come	out	in	a	second	analysis.	Thereby,	workshops	
and	projects	of	a	German	automotive	manufacturer	were	evaluated.	It	was	checked	
whether	aspects	for	improving	the	ergonomic	work	design	were	part	of	the	projects	
and	workshops	or	not.	The	analysis	of	a	total	of	52	workshops	and	nine	projects	
showed	that	only	5.7	%	of	the	workshops	and	22.2	%	of	the	projects	have	focused	
on an improvement in ergonomics.

In summary, it can be said that especially ergonomic work design is still not well 
enough	considered	in	the	examined	LPS.	In	particular,	it	should	be	noted	that	no	
principle of the observed LPS directly improves the ergonomic work design. Also 
the	consideration	of	ergonomic	work	design	at	the	method	level	is	very	low.	Only	
0.6	%	of	the	examined	methods	take	aim	at	direct	improvement	of	ergonomic	work	
design.	At	the	moment,	occupational	safety	is	considered	in	five	out	of	23	LPS	at	
the	principle	level.	Just	1	%	of	the	methods	have	a	direct	impact	on	occupational	
safety.	But	the	analysis	has	also	shown,	that	many	LPS	methods	could	have	a	posi-
tive impact on A3 work design.

5  Strategies for A3 Work Design in LPS

The previous analysis of present LPS has shown that A3 work design has not been 
considered	consistently.	As	 the	 results	 indicate,	 several	methods	already	existing	
offer possibilities to improve A3	work	design.	Many	methods	just	have	to	be	refo-
cused on the specific topic and do not need much adaption. In summary, enterprises 
could use the potential of LPS for A3 work design in order to cope with the new 
requirements	due	to	the	demographic	change.	Four	strategies	will	be	described	in	
the following, which show four different ways to integrate A3 work design into 
existing	LPS.	The	 strategies	consider	 the	causalities	 in	 the	above	described	LPS	
structure	and	the	findings	from	recent	analyses	of	existing	LPS.	This	is	necessary	
to achieve the desired effects and to change the LPS sustainably. The four strategies 
are	shown	in	Fig	3.

The structural integration describes an additional principle that regards A3 
work design. The principle has to refer to a strategic goal of the enterprise in order 
to ensure a consistent structure. This strategy allows clustering of particular meth-
ods and tools and assures their systematic use. If the LPS follows an A3 principle, 
it will most likely be part of the visual LPS depiction. These depictions often serve 
as a logo or symbol of the LPS and are widely used in slideshows, brochures and 
other marketing material. Thereby, the structural integration supports the degree of 
awareness for A3 work design. The most common depictions of LPS are a house, a 
circle and the enterprise’s product [5].
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The second strategy is based on a systemic integration of A3 work design. 
Therefore, the principle of waste elimination can be adapted. This principle rep-
resents the foundation for other principles and is a key element of every LPS. In 
general, this principle has the goal to eliminate activities that do not increase cus-
tomer value [14]. Waste elimination could also contribute to eliminating activities 
that compromise the employee’s health and safety. Waste would then be defined 
from	the	customer’s	and	employee’s	point	of	view.	Consequently,	the	description	of	
waste should be improved by adding non-ergonomic work, mental pressure, hazard-
ous material, noise or other unsafe working conditions.

The shop floor implementation of A3 work design requires the integration of 
A3 methods and tools	in	the	existing	LPS.	This	allows	to	continuously	integrate	
A3 work design into daily routines. The previously introduced analysis has shown 
a lack of methods that support A3 work design in LPS. Especially methods and 
tools for the assessment and improvement of ergonomic work conditions should be 
integrated. Such methods are already widely known but are not part of the LPS and 
due to that, not part of work design. Many enterprises already use the ergonomic 
assembly worksheet (EAWS) [11]. If the EAWS would be integrated in LPS, a com-
prehensive application could be achieved. Another benefit would be the early ergo-
nomic	assessment	during	the	design	of	the	process.	Besides	EAWS,	other	methods	
have to be integrated. Especially the so called screening methods should be used. 
Their results are less detailed but easy to use and no special training is necessary.

The fourth strategy uses a modification of existing principles, methods and 
tools. Therefore, the systemic integration should have been applied. With the new 
understanding of waste, several basic LPS methods can contribute to A3 work de-
sign.	For	 example,	PDCA,	 five	whys	or	 benchmarking	 are	 easily	 deployable	 on	
the improvement of ergonomic work conditions or occupational health and safety. 
Other	methods	might	need	a	little	adjustment.	Poka	yoke	could	not	only	be	used	to	

• A³ work design is linked to the 
enterpriese’s strategy and represented by 
a particular principle.

Structural 
integration

• The definition of waste is adapted to A³. 
New types of waste could be non-
ergonomic work, mental pressure, 
hazardous material, noise …

Systemic
integration

• Specific methods and tools for the 
improvement of ergonomics or 
occupational health and safety are 
integrated.

Integration of new 
methods and tools

• Established principles, methods and tools 
are modified to support A³ work design. 

Modification of 
existing principles, 
methods and tools

1

2

3

4

Fig. 3  Strategies for A3 work 
design in LPS [7]
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achieve failure-proof processes, it could also provide malposition-proof processes. 
The	well	known	5S	method	could	be	extended	to	a	6S	method:	sorting,	set	in	order,	
sweep, secure,	standardize	and	sustain.	Besides	individual	methods,	also	principles	
could be modified. The principle of standardization would be very suitable for A3 
work design. Thereby, not only quality, time and costs would be regarded, the best 
processes in terms of occupational health and safety would be standardized as well. 
Another possibility is the implementation of a zero disease principle, derived from 
the zero defects principle. It could cluster methods and tools that reduce absentee-
ism due to employee illness.

6  Conclusions

Many industrial countries already show significant symptoms of a demographic 
change.	The	low	fertility	rate	and	high	life	expectancy	result	in	a	higher	average	age	
of workforces. Enterprises have to adapt their processes to the age specific require-
ments of their employees. The age and aging appropriate (A3) work design com-
bines approaches of occupational health and safety, ergonomics and age specific 
solutions like better lighting. The A3 work design should be integrated in already 
existing	 and	well	 established	 lean	production	 systems	 (LPS)	 in	order	 to	 achieve	
a sustainable application. An analysis has shown that A3 work design is not sufi-
ciently	regarded	in	presently	existing	LPS.	Some	LPS	have	implemented	individual	
methods for ergonomics or safety but lack a comprehensive integration. Therefore, 
four strategies were introduced that show solutions to integrate A3 work design in 
future LPS.
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