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Demographic change is one of the important future societal challenges and its effects like an aging
society has a significant impact on national policy decisions due to its different determinants like
e.g. falling birth rates, aging baby boomers and skill shortages. Even though this development is
not new, appropriate approaches to address this social trend are unfortunately still lacking. Within
the German Foresight Process I, the field of ‘aging research’ was identified as one of seven new
future fields whose potential for national scientific research and innovation activities has not yet
been quantified. However, so far, current progress in policy, science and industry seems in some
respects largely unconnected or isolated. This paper provides an overview of these activities in the
work environment context, conducing analyses covering the use of innovation policy measures,
the topic discussions in scientific publications and the realizations in corporate contexts. The aim
is to provide an integrated picture of the state of the different concepts in the field of ‘active aging’
in the different sub areas of a ‘national’ innovation and technology system in the case of Germany.!

European manufacturing survey
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1. Introduction

In the late 1990s, the World Health Organization defined
‘active aging’ as a ‘... process of optimizing opportunities for
health, participation and security in order to enhance quality of
life as people age’ (WHO, 2002, p. 12). So, all conceivable factors
that affect how individuals and populations age besides health
care should be considered recognized (WHO, 2002, p. 13;
Walker, 2006; Kalache and Kickbusch, 1997). The term ‘active
aging’ gives a more comprehensive understanding than
‘healthy ageing’ and refers to continuing participation in social,
economic, cultural, spiritual and civic affairs.
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With regard to the above-mentioned definition of active
aging, work is one of the three aspects of the economic
determinants, besides income and social protection, which are
identified as having a particularly significant effect on active
aging (WHO, 2002, p. 30 ff.). To enjoy the opportunities for a
dignified work is seen as an important aspect for aging people,
to be able to participate in the workforce and for the benefit of
the society as a whole. The increased need to support the active
and productive contribution of elderly people in a formal and
informal work situation or as a volunteer is recognized on a
global level. Especially in the context of demographic change
and the identified, related grand challenge ‘aging societies’
(Lund Declaration, 2009), an increased demand for new
instruments and concepts was developed in politics, economy
and science.

So, the interest of different stakeholder groups in the concept
of active aging has increased in the last 15 years, among other
things in the term ‘aging workforce’. The proportion of older
workers in the labor market will increase over the next 50 years
all over the world. For example, the development of the German
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working population (from 20 to 64 years) is influenced by
demographic trends as well as the German population in total.
The working population will decrease from 50 million individ-
uals in 2010 to 42 million individuals in 2030 and even further
to an estimated 33 million individuals in 2060 (BMI, 2011,
p. 36). Additionally, it is assumed, that elderly people will
increasingly participate in the labor market which results in an
increased average rate of the workforce age (Allmendinger and
Ebner, 2006; Arlt et al., 2009). In the course of the demographic
development in the form of a decreased population and an aging
society the qualification patterns and the age structure among
employed persons are subsequently changing. These observed
societal changes lead to fundamental challenges for actors in
policy, science and industry and to a necessary change in
thinking regarding existing legal frameworks and policy
instruments, theoretical concepts and research approaches as
well as strategic and organizational management instruments.

Based on these insights, the future competitiveness of the
German industry and scientific community depends on the
ability to find tailor-made solutions in different key areas of an
innovation system to deal with these challenges related to
demographic change (Dosi et al, 1988; Lundvall, 1992;
Kuhlmann and Arnold, 2001; Edquist, 2005). Here, only a
systemic perspective enables to realize sustainable, innovative
solutions for all involved stakeholders. Consequently, the
present paper uses the innovation system approach as a
conceptual framework to study the subject of ‘active aging’
and ‘work environment’ in the various sub-elements of the
innovation system comprehensively. Following Edquist (2005,
p. 152) an innovation system is defined and characterized by
‘[...] all important economic, social, political, organizational,
institutional, and other factors that influence the development,
diffusion and use of innovation’. The different key areas and
their organizational actors as shown in Fig. 1 cover different
perspectives of the demographic specific challenges and can
operate with different instruments and measures to find
sustainable ways (Edquist, 2005, p. 186). In general, for
example, the involved scientific communities provide new
knowledge and research findings about the influence of age on
innovation attitude. These findings are normally transferred to
the industry context, so that they are able to maintain their
competitiveness and generate innovation and growth (Arundel,
2007, p. 50; Bescheikh et al., 2006, pp. 655f). The political system
is mainly responsible for providing the institutional framework
conditions (e.g. laws, norms, funding policy) in which innova-
tion activities are embedded (Nelson and Rosenberg, 1993). The
institutional structures, the incentive system, the skills and
creativity of innovation actors and economic actors and the
cultural peculiarities of a nation are the four main design
elements which build innovation systems (Nelson, 1993,
pp. 517-520; Patel and Pavitt, 1994).

The purpose of this paper is a stocktaking of how this
challenge and related topics in the context of the work
environment are addressed from the three different key
areas: policy, science and industry. It is shown that in all areas
the topic is highlighted and a number of activities have been
conducted. Therefore, we analyze what kind of activities have
taken place, which effects can be observed and what questions
remain open, which have to be addressed in the future.

The paper will focus on the three main sub-elements by
showing the following: First, an inventory of actions in the field

of policy in Germany is composed. Here, the following
questions are addressed: How extensive are innovation policy
measures in the area of ‘active aging’? Which measures have
been initiated in the recent years at the national level? For the
second key area, the field of science, especially, analyses of the
relevant actors and research areas should give an overview of
the scientific activities in the last two decades measured by
scientific publications. The role of German scientific actors and
their relationship to other national and international re-
searchers or research groups is represented. Furthermore, the
question regarding in how far possible concepts or solutions
deal with the challenge we discussed earlier is addressed. For
the third key sub-system of an innovation system, here
industry, the stocktaking of activities is based on the results of
a survey in the German manufacturing industry which was
conducted by the Fraunhofer ISL. This analysis focuses on
demographic specific personnel measures and asks questions
such as: What concepts are already being used at the
organizational level and to what extent are these concepts
implemented? In addition, the impact of certain concepts on
the innovation ability of enterprises is analyzed.

2. Aging society and the innovation system — the perspective
of STI policy

The political and administrative systems as seen in Fig. 1
play an active role in shaping the whole innovation system, in
making it coherent and in developing it further (Koschatzky
2012, p. 10). On this, one of the main objectives is to set the
institutional framework for innovation activities. This includes
legal rules, formal and informal standards, the promotion of
innovation based on research and development funding and
can be described by three framework measures (Reynolds
et al., 2005; Djankov et al., 2002; Ahmad and Hoffmann, 2008)
as reviewed in Acsa et al. (2014). As one contribution, this
paper will show how these thematic focuses are established or
recognized in ‘policy’ and were adopted in policy instruments
and research agendas. Especially, we will summarize the
particular activities of the BMBF which promote the research
and innovation activities related to ‘active aging’ in the context
of work.

2.1. The policy perspective: aging research

Research on the topic of aging is conducted in different
forms and on different levels in Germany. For example, the
topic of aging research was already taken into account and
mentioned as important in the year 2002 (Baltes, 2002). Age
and aging are characterized as multi and transdisciplinary
phenomena. Furthermore, the social importance of increasing
age was stated and aging research was postulated as both
promoting the economy and shaping the future. Therefore, a
requirement for overall research funding was expressed.

On the national level, it was noticed that many existing
funding programs, especially the BMBF's, dealt with sub-fields of
aging research. For example, this includes funding for neurosci-
ences, research into demographic change or skill networks in
medicine or research into neurodegenerative diseases (Roloff
and Beckert, 2006). So, for example, system biology has been
supported by the BMBF with funding instruments for research
and infrastructure since 2004. The BMBF initiative ‘GerontoSys —
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Fig. 1. Key actors of the German innovation system (Source: Frietsch and Kroll, 2010).

System biology of ageing’ of 2008 focused exemplarily on the
interdisciplinary research of aging processes. At the beginning,
three projects with a total funding amount of 12 million euros
were implemented. The second tendering round of the
‘GerontoSys2’ program was conducted in 2010.

Furthermore, as a consequence of the findings of the future
project ‘BMBF Foresight Process I' that was carried out by the
Fraunhofer Institute for Systems and Innovation Research ISI
together with Fraunhofer 1AO, Technische Universitdt Berlin
(TUB) and other partners in Germany, aging research was
established as one political focus area for the next decade.
Besides human-technology cooperation, sustainable living
spaces, production consumption 2.0, trans-disciplinary models
and multi scale simulation, time research and sustainable
energy solutions, deciphering aging was one of seven new
future fields (Cuhls et al., 2009b). As such, aging research was
classified as one research field that expects to make outstand-
ing, pioneering knowledge gains in science and technology as
well as a considerable contribution to improving people's
quality of life. The ways to understand different aging processes
are recommended as one future field for potential focused
research activities (Cuhls et al., 2009a, Vollmar et al., 2011). In
the elaboration process for these upcoming fields it was
suggested that the entire process of life and aging should be
researched in the future field of »Aging Decipheringg, taking a
multi-perspective and trans-disciplinary approach, focussing
not exclusively on ‘older people’. These findings lead to some
additional structural changes as well as to new institutional
arrangements. On this, the BMBF division for vocational
training, retraining and livelong learning and the unit demo-
graphic change and human-technology interaction were
reorganized and founded to process the activities.

In addition to the BMBF's funding and research program,
other national ministries have addressed the topic of an aging
society from different perspectives. For example, the Federal
Ministry of Family Affairs, Senior Citizens, Women and Youth
(BMFSF]) conducted different programs for elderly people, like
the program for action ‘secure life in old age’ from 2008 to 2012
(Gorgen et al., 2012). The realization of senior-related policy
actions with regard to crime and violence in the lives of older
people was the overall objective. The focus lay, for instance, on
the following topics: prevention measures for specific forms of
fraud and other property-related offenses, measures for the
prevention of violence in partnerships of older people, and
measures for prevention and intervention with regard to the
problem of abuse and neglect of older people in home care. In
addition, research projects which dealt with the topic of
dementia have been funded by the BMFSF] since the late
1990s (BMFSFJ, 2006). Some intermediaries as shown in Fig. 1
like the Bertelsmann Stiftung or the Volkswagen Foundation
deal with research initiatives related to the grand challenge of
demographic change. For example, the Volkswagen Foundation
had a research initiative on ‘Individual and Societal Perspective
on Aging’ from 2008 to 2011. It was funded with approximately
3.6 million euros for twelve projects which involved re-
searchers from 17 universities and research institutions.

At the end of 2011 the Federal Cabinet adopted the Federal
Government's ‘The new future of old age’ research agenda for
demographic change, which was proposed by the BMBF
(2011). This agenda focuses on research programs on the
challenges and opportunities of demographic change. Longer
employability, mobility and communication, housing, health
and care, as well as social and cultural inclusion are identified as
action fields. The following focus areas for research funding
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have been established: principal issues in a society of longer
lives, benefiting from skills and experience of the elderly in
economy and society, growing old in good health, social
inclusion: staying mobile and in touch, living safely and
independently, and good nursing care to boost the quality of
life.

The research agenda for demographic change aims to
conduct research that will encourage the development of new
solutions, products, and services to improve the quality of life
and social participation of older people (BMBF, 2011). It is seen
as a milestone on the way to a comprehensive ‘demographic
strategy’ in Germany (BMI, 2012). So, in 2012, the Federal
Government introduced a ‘demographic strategy — policy for
all generations’ in Germany (‘Demografiestrategie: Politik fiir
alle Generationen’) (BMI, 2012). The aim of the strategy is to
extend opportunities to everyone according to their living
situation and age, opportunities to develop their potentials and
capabilities and to realize their vision of life. The focus is on the
areas of life in which people directly and most experience the
effects of demographic change: in the family, at work, in old age
or in the specific contexts of their rural or urban environment.
For these major projects to manage the demographic change
are currently under way, like the ‘concept securing skilled
labor’ dated 22 June 2011, the plan of action for the sustainable
design of public service tasks/welfare service developed jointly
together with the East German federal states from 2011 or the
research agenda ‘The new future for old age’ of November 2011
were established.

The government is aware, however, that managing demo-
graphic change can only succeed if at all levels of government,
social actors and citizens participate locally and mutually agree
to cooperate (BMI, 2012, p. 5). For this not only the divisional,
but also in particular the cross-level cooperation between
federal, state, local authorities, social partners and other design
partners have to be expanded. Based on these activities, with
respect to the innovation and technology policy as well as the
research priorities and involved actors a change towards more
overarching and integrated approaches is currently observed.

The topic of demographic change and its related develop-
ments is mentioned as one of the grand challenges and
opportunities for the future by policy especially for the
innovation and technology performance of Germany (BMI,
2011). But if we are looking at the total research funding by the
BMBF between 2009 and 2012 it shows that the topic of
‘demographic change’ by itself is one of the funding priorities
with the lowest budget (see Fig. 2). The total amount of funding
for demographic change has increased over time, from 7.035 to
27.385 thousands of euros, but the share of the funding budget
has been relatively constant at the low level of around 0.5% over
the last three years. Research topics that are more technology
oriented like ‘health research and healthcare economy’,
‘dismantling of nuclear facilities’, ‘software systems and
knowledge technologies’, ‘bio-economy’, and ‘optical technol-
ogies’ received the highest amount of funding over the
mentioned time period.

Regarding the recipients, a detailed look at the public
funding expenditures on ‘demographic change’ shows that
universities as well as non-university research institutions
received approximately 26% of the total funding budget (BMBF,
2014b). However, industry gets more than 40% of the total
funding budget in this research priority field. Because of the

funding quota for industrial players, mostly between 40 and
60% of their investments, the participation in these research
projects indicates that this topic is important especially for
industrial players and their future interests. Nevertheless, the
funding activities can also address appropriate demographic
specific topics. So, for example, the research priority of ‘health
research and healthcare economy’ could have a strong
relationship to the aging society and the related health topics
like chronic common diseases. This could be a starting point for
further research related to assessing the importance of the
grand challenge in the science, technology and innovation
policy. A detailed analysis of current and completed projects
funded by the national ministries can provide information
about the direct and indirect investments in the management
of demographic change and its related aspects. Regarding the
observed change towards a more mission-orientated and
overarching innovation and technology policy it remains to be
seen whether the importance of the topic is also reflected in a
changing funding budget in comparison to other research
issues that are more technology-driven.

2.2. The policy perspective: aging research and work environment

Since the 1990s, the topic of ‘demographic change and
employment’ has been one of the funding priorities of the BVIBF
(Pack et al., 2000; Zahn-Elliot, 2001). As such, the framework
concept ‘Innovative Arbeitsgestaltung — Zukunft der Arbeit’
(‘innovative work design — future of work’) was established in
2001 to 2006 (BMBF, 2000, pp. 7-8). It focused on activities to
develop and to maintain the decision-making and responsibility
and employability, to design sustainable business development,
to promote and develop unused potential of equal opportunities
and to walk along new ways of implementation and transfer.

Since 2006, the BMBF has supported the R&D program
‘Working-Learning-Developing skills, Innovation capability in
a modern world of employment’. This program aims to help
people to bring their knowledge, creativity and motivation into
the working environment, to support firms to create the
conditions for successful competence development and to
establish networks or cooperation's that are able to generate
market and employment opportunities (BMBF, 2007). Focal
points within the framework program deal with topics like
balance of flexibility and stability in a changing work environ-
ment, innovation capability in the context of demographic
change or internal competence management and demographic
change. Besides this, approaches for work design are funded in
the lighthouse project ‘integrated industry’. The importance of
these focal points was also supported by the results of the
Survey ‘Vision of Germany — new paths in tomorrow's world’
(‘Vision Deutschland — neue Wege in die Welt von morgen’)
(Opaschowski, 2009). 85% of Germans requested new employ-
ment opportunities for older workers.

Also in the represented BMBF Foresight Process I research
questions have been raised with regard to the focus of the paper
‘active aging and work environment’ (Cuhls et al.,, 2009a). Some
of them were identified as being most important for the next
years or centuries: ‘What are the economic and social effects of
longevity, especially if the life span and health is extended?’,
‘How will work processes and the image of aging change as a
result of a longer life span and health (individually, in
companies, socially)?’, ‘In what ways is the brain able to react
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Fig. 2. BMBF project funding regarding funding priorities from 2009 to 2012 (BMBF, 2014a).

to changing conditions in different phases of life? How can
lifelong learning be stimulated and what should successful
learning settings ‘look’ like (e.g. to support learning in old age)?’,
‘How can learning be promoted in conditions of increasing
pressure (‘compression’ of work processes, information over-
load)?’. The analyses of the funding portal (http://foerderportal.
bund.de) show, that ongoing funded projects or projects that
have just started are dealing with these research questions. For
example, projects like ‘InnoRix’, ‘DOMINNO’ or ‘INNOKAT
address the topic of innovation capability and creativity in the
context of an elderly society and workforces. The innovative
design of the work environment and organization, the demo-
graphic oriented concepts for the measurement and advance-
ment of innovation potential as well as the role and potential of
mixed age teams in medium-sized firms are captured in these
projects. Here, the BMBF department for research related to
production, services and work is the main ‘customer’ for the
research findings. These research results could mainly provide
information about the extent and the factors which characterize
the innovation ability of the company or the age structure or age
composition of its employees. In particular, these findings will
be particularly important for topics such as the generation of
ideas and strategic foresight in firms. But, foresight activities,
such as technology roadmapping or scenario development
within a company are not yet in the focus of research projects.
So, it remains to be seen how far reaching the results from the
ongoing projects will be.

Besides the BMBF, the Ministry for family, seniors, women
and youth (BMFSF]) has also conducted a study regarding the
experience and competences of elderly people in the work
environment. The study noted that due to their specific strengths
older workers can contribute to the firm's success (BMFSF],
2008). The consistent implementation of demographic-specific
measures is valuable for firms across all industries. The results of
the study showed that aging workforces do not have to be a risk
for firms, but rather the view of their competences illustrates the
little perceived opportunities posed by demographic change for
the economy. Currently, the federal ministry focuses, among
other things, on issues like sharing the experience-based
knowledge of elderly people with other generations and
measures for further education in the second half of life. Also,

the Federal Ministry of Labour and Social Affairs (BMAS) funded
projects that deal with the topic of demographic change. For
example, in the project ‘KrIDe — Kreativitdt und Innovation im
Demografischen Wandel’ (Creativity and Innovation in Demo-
graphic Change) practical concepts and tools have been
developed to promote innovation under the consideration of
demographic change which were tested and implemented in the
user companies.

Furthermore, intermediaries have also picked up the topic of
‘active aging’ and ‘work environment’. For example, motivated
by the ‘2012 European Year of active Aging and Solidarity
among the Generations’ the Bertelsmann Stiftung and the
European Policy Centre (EPC) conducted a joint project on
‘Second Career Labour Markets. Towards more Employment
Opportunities for Older Workers’ (Bertelsmann, 2013). The aim
of the project was to stimulate the debate on ‘active aging at
work’. The identification, analyses and comparison of innovative
solutions that can assist the relevant stakeholder's government,
social partners, business and individuals with creating reform
initiatives in that area were the main focus of this project.

Actually, the topic of an aging society related to the work
environment is addressed in the second aspect of the afore-
mentioned research agenda for demographic change ‘benefit-
ing from skills and experience of the elderly in economy and
society’. Research and development measures that aim at
better utilizing the knowledge of seniors and increasing their
participation in the labor market, in order to ensure that
specific potentials can be of even greater benefit, whether it is
professional, private or in voluntary work (BMI, 2011).
Ultimately, these measures should help to maintain and
expand the capacity for innovation, competitiveness and
progress in a society in which people live for longer. This
focus was continued with the science year ‘The Demographic
Opportunity’ in 2013. Under the slogan of ‘We are living longer,
we are becoming fewer, and we are becoming more diverse’
the three fields of action in which tackling the challenge were
addressed.? The focus of the discussion was how politics,

2 http://www.demografische-chance.de/index.php?id=252.
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industry and society can face up to the changes and use them to
their advantage.

It turns out that only recently the subject of demographic
change has been comprehensively addressed with a general
strategy. On this, first projects will be funded to meet the
challenges at the corporate level. The previous examples for
funding research and infrastructure show the diversity of these
topics. This variety is also represented in the national
innovation policy; different ministries and other funding
sponsors have dealt with specific topics, like health research,
life sciences, effects of crime and violence or ergonomics and
work studies. Only in the last two years the need for a broader,
integrated and holistic approach has been recognized. This is
particularly evident in the research agenda for demographic
change (BMBF, 2011) and the formulated demographic
strategy for Germany (BMI, 2012). So, a normative turn in
innovation policy can be observed, the mission orientation that
creates an arena for more participatory and multidisciplinary
activities. Because of the new cross-departmental and interdis-
ciplinary orientation on the policy level, the lack of cooperation
and possible synergies that were identified earlier are
addressed. It has to be shown in the future, whether this
claim can be implemented in existing and planned research
projects. Furthermore, it remains to be seen how new legal
frameworks that enable lowering the retirement age to 63 in
Germany, summon changes and also become influential on the
level of innovation policy.

3. Aging society and the innovation system — the perspective
of science

Aging research connects different scientific fields, for
example sociology, philosophy, economics, sport sciences,
medicine, cognitive sciences, chemistry, and ethics (Cuhls,
20093, p. 38ff.; Gruss, 2007; Lehr, 2003). The following analysis
will focus on activities in the scientific community in the form
of scientific publications on aging research and related aspects
and concepts for dealing with the challenge of an aging
workforce. With respect to the innovation system approach,
scientific publications are sources of information for codified
knowledge of science and economy. They are used as indicators
for measuring and illustrating the change of technological and
non-technological research issues (Grupp and Schmoch, 1991;
Grupp, 1997). Publications reflect a relevant part of the
fundamental research and describe the processes, dynamics
and results of research activities from individuals, institutions
or countries and scientific fields by themselves (e.g. Moed et al.,
1985; Nederhof and van Raan, 1993). Publication analyses
indicate developments in the scientific system and cover
technological aspects which are tangible as well as conceptual,
like underlying management concepts, at an early stage of the
discussion (Lichtenthaler, 2002). On this, bibliometrics is a
method to statistically and mathematically analyze scientific
publications and is often used in research areas like information
retrieval, research evaluation and science research (Havemann,
2009). In the context of foresight, this kind of publication
analysis supports the scanning and scouting processes and can
offer the opportunity to identify early signals.

So, the publication analysis provided (quantitative) infor-
mation on relevant research topics related to ‘aging research’ in
general and ‘active aging and work environment’ in particular.

For the analysis data from publication databases (ISI Web of
Knowledge) is used to gain thematic insights and their
dynamics, scientific networks and the involved researchers as
well as organizations. The analysis of scientific activities by
publications recorded in the SCI and SSCI in ISI Web of Science™
has become a broadly accepted standard and many authors
have dealt with the methodological issues linked to this
database (van Raan, 2004; Moed, 2005; Schmoch, 2007). The
simple analysis in this paper shows the number of publications
(articles and proceeding papers), the growth rates in topics, as
well as the share of the nations within the topics and clusters in
the time frame 2000-2013. Furthermore, relevant key players,
organizations and their interconnections are analyzed based on
a network analysis with regard to joint publications.

3.1. Aging research in the scientific discussion

As mentioned earlier, aging research was classified as a
research field that expects outstanding, pioneering knowledge
gains in science and technology as well as a considerable
contribution to improving people's quality of life in the BMBF
Foresight Process I. In the elaboration process it was suggested
that the entire process of life and aging should be researched in
the future field of »Aging Deciphering«, taking a multi-
perspective and trans-disciplinary approach, focussing on the
development process from young to old. The following figures
present the overall results of a bibliometric analysis for ‘aging
research’, as it is defined in the BMBF Foresight Process I. The
focus of this investigation was on biological aging processes,
the effects of aging processes in all phases of life and the
potential for innovation that could be derived from develop-
ments in this area, including topics like age-related diseases,
anti-aging measures, measuring age, demographic change,
developmental biology, geriatrics, gerontology, regenerative
medicine, and silver markets. On this, a comprehensive search
strategy for title, keywords and abstracts was elaborated to find
relevant publications. To show the overall dynamic in the field
of ‘aging research’ the number of scientific publications over
time is shown in Fig. 3. Here, the publications worldwide are
compared to the scientific publications in which at least one
German author was involved.

Aging research compared to other topics is relatively
dynamic. The increased number of publications over around
10 years is due to the most developed topic of ‘geriatrics’. All
other aspects, like ‘gerontology’, ‘anti-ageing measures’ or
‘society & ageing’ are relatively similar to the initial situation.
Many fundamental research questions have not yet been
answered, especially the question of how aging processes
actually occur, one of the focuses of (bio-)gerontology. This
could be an interesting connecting point for further research
funding. Similar results are observed regarding publications
with at least one German author (fig. 4). The dynamics of the
different fields is compared to the dynamics of publications
worldwide. With a closer look at the different actors behind
these publications, it can be stated, that most of the publica-
tions in the field of aging research are coming from organiza-
tions in the USA (>40% of publications worldwide) followed by
the United Kingdom of Great Britain (~9%), Germany (~7%) and
Japan (6%). The scientific institutes, which are frequently
involved, are: Harvard University (~24%), University of Califor-
nia Los Angeles (~13%) and University of California San
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Fig. 3. Comparison of the total number of scientific publications in aging research worldwide and with German authors, time horizon 2000-2008 (Source: web of

Science, own calculation).

Francisco (~12%). From the German perspective, institutions
like the University of Munich (~8%), the University of
Heidelberg (~6%) and the University of Bonn (~4%) are mostly
listed. A further actor's analysis based on co-publication
analysis of scientific publications points out clusters of
researcher and the development of networks. For example,
based on the scientific publication output of German research
institutes the Universities of Florence, Amsterdam or Helsinki
are partners in most cooperation's. But the share of co-
published scientific articles is very low, not more than 12%.

3.2. Aging society and work environment in scientific discussion

To supplement these previous findings we performed a
deeper analysis of scientific literature covering specific topics
that are related to the aging society and work environment. For

this, the following research topics with related aspects were
analyzed by using the following listed key words for compiling
a search strategy also for title, keywords and abstracts:

age related work time model: aspects like work time models
for aging workforces; work time models flexible working
arrangements, part-time, and flexible working hours
age-related employee loyalty: aspects like prolonged working
life, working past retirement age, anti-retirement, incentives
for young professionals, retention of young talent, loyalty and
long-term commitment, binding of employees, organization-
al identification, employee retention, and securing compe-
tence

age-related training and knowledge transfer: aspects like aging,
learning and working, lifelong learning, specific training
opportunities, advanced age-related training offers, increased
training and education of junior employee
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Fig. 4. Comparison of the number of scientific publications worldwide and with at least one author in Germany regarding ‘aging and work environment’, time horizon

2000-2013 (Source: Web of Science, own calculation).
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age-related measures and productivity: active aging and
productivity; special age-related performance factors, per-
formance appraisal, operation attendance and resource
availability information, age-adaptation, and demographic
oriented personnel measures.

The number of publications differs significantly between
these topics considering the time span 2000 to 2013 (see Fig. 5;
with total amount of 9957 publications).> Especially, the
analyzed field of ‘work time model’ compared to the other
topics like ‘training and knowledge transfer’, ‘measure and
productivity’ and ‘employee loyalty’ is underrepresented in the
amount of publications. The first two topics are characterized
by a relative dynamic, but publications that investigated work-
time models and aspects like ‘part-time’ or ‘flexible working-
hours models’ are constantly on a lower level. A relatively low
dynamic can also be observed in the case of ‘employee loyalty’.
Concepts for binding employees or organizational identifica-
tion from the perspective of employees are rarely discussed in
scientific publications worldwide.

If we are looking at different characteristics of the publica-
tions in the field, we see that most of them are written by
authors with the following residences: the USA (~40%), followed
by the United Kingdom of Great Britain (~12%), Canada (8%),
Australia (~7%) and Germany (~6%). From the content perspec-
tive it shows that most publications are related to the overall
science categories (a classification of journals related to the
addressed topics) of ‘Neuroscience’, ‘Education & Educational
Research’, ‘Public Environmental Occupational Health’, ‘Psychi-
atry’, ‘Surgery’ and ‘Management’. This result is really surprising
due to the orientation of the analyzed topics, which address
more economical or management issues. Especially, in the field
of ‘age-related training and knowledge transfer’ it can be
observed, that most publications are related to the overall
subject category of ‘Psychology’ followed by ‘Education &
Educational Research’, ‘Neuroscience’ and ‘Business & Econom-
ics’. This tendency is due to the aspect, that most of the papers
are published in journals with a medical or psychological
background, like PLOS ONE (open-access, online-publication),
Behavioral Brain Research, Academic Medicine or Medical
Education. The International Journal of Human Resource
Management and the Journal of Knowledge Management are
two named journals which obviously deal with management
related aspects.

The number of publications with at least one German
author is relatively low in the four fields which have been
analyzed in detail (see Fig. 5, with total amount of 861
publications). The topic ‘training and knowledge transfer’ is
the only topic that has been relatively positively developed
over time. This might be explained by the issue of knowledge
management and the related aspects like knowledge sharing
and storage, which have been really prominent in the business
management community in Germany over the last two
decades. Otherwise, in the overall sample, research topics
with regard to strategic and innovation activities, technology
forecast and foresight activities are hardly mentioned.

The following research institutes are frequently named in
the articles: Max Planck Institutes, the Entrepreneurial Univer-

3 A comparative bibliometric analysis in Scopus shows very similar findings
regarding the development and dynamics of the four research topics.

sity Munich, University of Gottingen, University of Heidelberg,
and Ruhr University of Bochum. Fig. 5 shows the results of the
actors' analysis using co-publication analysis. The co-
publication networks on author affiliations were calculated,
showing the total degree in a Fruchterman-Reingold network
calculated on a co-occurrence matrix. Here the bibliometric
information was extracted using a visual basic tool in Excel and
Gephi to visualize the network. Besides the involved organiza-
tions this analysis also points out clusters of researchers and the
development of these networks can be observed.

The analyzed publications addressed different research
areas as seen in Table 1. The most addressed areas are
‘Psychology’, ‘Neuroscience Neurology’ and ‘Business & Eco-
nomics’ the same areas are compared to the analysis of
publications worldwide. So, the focus on medical and psycho-
logical related journals is also observed in the publications with
at least one German author. Furthermore, scientific networks
measured by co-publications exist with institutes from the
USA, the United Kingdom of Great Britain, the Netherlands,
Switzerland, France and Italy. The analysis of the cooperation
activities based on the institutional level points out of the
following partner research institutions: University of California,
Harvard University, Catholic University Leuven, and University
of Melbourne.

The analysis of publications elaborated the most important
research experts and their scientific networks in the field of
aging society and work environment. Furthermore, the main
relevant research areas as well as the scientific journals which
are used by the researcher were analyzed. It is shown that the
selected research fields are represented differently in the
scientific community and especially the topic of knowledge
management and training is well established. As presented in
the next chapter, necessary future cooperation and the transfer
of research results between the science and industry were
noted, due to the underrepresented personnel measures in this
specific topic.

4. Aging society and the innovation system — the
industry perspective

With regard to the diffusion and practical application of
new organizational concepts and HR practices, industry firms
are one of the most important actors within the national
innovation system. From the theoretical perspective, the
industrial innovation sub-system is influenced by the demand
system, which it influences at the same time, the framework
conditions and the existing infrastructure system and is shaped
by the political system (Koschatzky, 2012, p. 9). This chapter
discusses the general challenges for manufacturing enterprises
regarding the aging workforce by presenting empirical evi-
dence from the German manufacturing industry with respect
to their ongoing activities in the field of demographic-oriented
personnel measures.

4.1. Aging society and aging workforce

To maintain their competitive advantage, firms are increas-
ingly facing the need to innovate and to implement their
novelties successfully according to their specific internal and
external framework conditions. To achieve this goal, the human
resource base of the firm and its incorporated stock of
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Fig. 5. Research network on the topic ‘aging and work environment’ in total based on co-publication, time horizon 2000-2013 (Source: Web of Science, own

calculation).

innovation knowledge and competencies is one of the most
important prerequisites (Wernerfelt, 1984; Barney, 1991; Foss,
1996; Grant, 1996). Against this backdrop, enterprises are
increasingly confronted with the grand challenge of demo-
graphic change and their related developments ‘decreased
population’ and ‘aging population’ today (under the ceteris
paribus conditions of birth rate, migration pattern and life
expectancy). The demographic change is accompanied by both
external (market or demand) and internal (personnel resources,

Table 1

Characteristics of publications with at least one German author, time horizon:
2000-2013.

(Source: Web of Science, own calculation)

Research area Share  Co-publication —  Share
of % country of’%
Psychology 16% USA 12%
Neurosciences neurology 16% England 9%
Business economics 12% Netherlands 6%
Environmental sciences ecology 6% Switzerland 6%
Psychiatry 5% France 5%
Geriatrics gerontology 4% Italy 4%

knowledge) consequences for enterprises. Firstly, from the
external perspective, the average age of their customers is
constantly increasing and the number of young costumers is
decreasing. Moreover, the distribution of purchasing power will
very much shift towards older consumers in the future.
Simultaneously, the demands and needs of older consumers
are changing according to their living situations. Thus, firms are
increasingly facing the challenge to adapt their products and
services accordingly. Secondly, the internal consequences of
demographic change become especially visible by the increased
average age of employees, the labor shortage in particular
disciplines, problems in recruiting junior staff/junior employees
and increased retirement of experienced staff. Consequently,
enterprises have to deal with the changing conditions regarding
their human resources and have to develop and implement
appropriate concepts and approaches to deal with this situation.

Asking about the main obstacles which stop older people
from working, the Eurobarometer 2012 survey on active aging
showed that the lack of opportunities available to reduce
working hours gradually, the exclusion from vocational
training as well as the fact that older employees are not viewed
positively by employers are regarded as the most severe
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barriers by about 70% of European citizens (EC, 2012, pp. 47).
Additionally, the lack of skills for the modern workplace (62%)
and the insufficient adaption of the workplaces to the needs of
older employees (57%) are named as further important
obstacles for working at an advanced age. With respect to the
foreseen development of the German working society, the
working population in Germany will shrink from 50 million
individuals in 2010 to just 33 million individuals in 2060 ( BM],
2011, p. 36). This underlines the sobriety of the demographic
shift in the workforce as one of the major challenges for the
German industry. It will be a decisive factor whether and how
German industrial firms are able to deal with this trend, for
instance by finding and implementing new solutions both on
the organizational level as well as on the technological level.

Due to the identified obstacles, the changing age structure
and the associated lack of skilled professionals, managers need
to adapt their human resource strategy to these developments.
Elaborated sustainable concepts for personnel binding, training
and further education, workplace design, personnel planning,
health management etc. are necessary to handle these
challenges (Brooke and Taylor, 2005; Naegele and Walker,
2006; Zaeh and Prasch, 2007; Streb et al,, 2009; Ilmarinen,
2012). Demographic-oriented personnel measures are aimed
at a long-term improvement of the personnel structure and
securing the supply of skilled labor. This long-term character
carries the risk that it falls victim to short-term optimizations.
Based on firm-level data of the German manufacturing industry
conducted by the Fraunhofer ISI, this section provides an
overview of the degree by which such organizational measures
addressing the aging workforce are already deployed today on
the industrial level in Germany.

4.2. Aging workforce and demographic-oriented personnel
measures

4.2.1. The database: German Manufacturing Survey

The findings presented in this section are based on a
secondary analysis of 2009 data from the German Manufactur-
ing Survey that has been regularly conducted by the Fraunhofer
Institute for Systems and Innovation Research (ISI) since 1993.
The objective of this questionnaire-based postal survey
conducted in Germany is to systematically monitor innovation
and modernization processes in manufacturing industries.
Besides others, the survey mainly addresses the following
topics: implementation of innovative manufacturing technol-
ogies, new organizational concepts in the fields of work
organization and HR management, cooperation activities,
outsourcing and globalization of production, performance
indicators as well as product-related services. In the 2009
survey one of the focus was on the realization of innovative
organizational concepts like strategic personnel measures in
the form of demographic-oriented HR management. The
survey includes firms with 20 or more employees from the
manufacturing sectors, like the NACE 15-37. In 2009, 15,576
firms in manufacturing industries in Germany were invited to
participate, 1484 of which returned usable replies, a response
rate of 10%, based on the adjusted net sample. The dataset
represents a valid cross-section of the manufacturing sectors
(e.g. manufactures of metal products (28) 17%, mechanical
engineering (29) 19%, manufacture of rubber and plastic goods
(25) 9%, chemical industry (24) 5%, paper industry (21) 2%)

and the realized sample differs only insignificantly in its branch
distribution from the population.

4.2.2. Strategic personnel measures to counter demographic change

Basically, there are two main levels on which the manage-
ment of firms can address different measures: personnel
recruitment and knowledge transfer & sharing. First, the reduced
number of qualified junior staff aggravates the recruitment of
sufficient and well-qualified workers. Second, the increasing
retirement of older workers connects with the issue of securing
and sharing their huge practical knowledge and experiences. So,
fewer junior employees and less experience-based knowledge
could lead to the limited capability to develop new products and
services and ultimately to endanger commercial success and
workplaces in the long term.

The following empirical analysis focuses on the implemen-
tation of strategic demographic-oriented personnel measures
and their relationship to the innovation performance of firms.
Against this background, the following question arises: to
which extent have HR measures and concepts which address
demographic change have been diffused today in German
industry? To what degree does the use and implementation of
such HR concepts affect the innovation ability of manufacturing
firms? According to the available concepts in the EMS data, the
following measures and concepts were included in the
analysis:

increased training for junior employees

incentives for binding junior employees

instruments for storing the knowledge of older employees
specific working time models for older employees

particular health management programs for older employees
specific personnel resource planning for older employees
specific performance factors for older employees

specific further training offers for older employees.

First of all, the findings underline the high relevance of
the demographic issue. About 75% of the surveyed compa-
nies have already introduced at least one of the eight
included demographic-oriented personnel actions. One-
third of the enterprises have even established three or
more of these measures in parallel. The comparison of the
distribution of demographic-oriented personnel measures
shows that increased training of junior employees and new
incentives to bind qualified junior employees (e.g. pre-
miums or family-friendly working hours) are most wide-
spread concepts (see Fig. 6).

Additional education and additional incentives for retaining
junior staff are implemented more frequently than personnel
actions that deal with measures for older workers. Therefore, the
demographic-oriented personnel measures in the interviewed
manufacturing firms address more the restricted number of
junior employees than the larger number of elderly workers.
One reason for this could be that personnel measures for young
employees are more standardized because of the greater
similarity of this group with regard to general personnel
management in terms of qualification, health condition, voca-
tional career, and motivational structure. However, older
employees are more distinguishable in these characteristics
from each other. So, measures for elderly people are often
individually negotiated and are not recognized as personnel
measures in the firm. This would mean that the different
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Source: German Manufacturing Survey 2009, Fraunhofer ISI.

Fig. 6. Dissemination of demographic-oriented personnel measures (Source: German Manufacturing Survey 2009, Fraunhofer ISI).

demographic-oriented or specific concepts are not integrated in
an overarching and sustainable concept which deals with the
challenge of demographic change as part of the human resource
management.

With regard to firm size (Fig. 7), it can be expected, that larger
firms (LE) with more than 250 employees have a higher demand
of demographic-specific measures due to the larger number and
diversity of employees alone (see Schat and Jdger, 2010 pp. 4).
But, specific further education concepts for older employees are
the least frequently measure in both groups, large enterprises
and SMEs (medium sized enterprises). However, the share of
large enterprises that offer specific health management pro-
grams is with 40% considerably higher than the share of SMEs

increased training for juniors (***)

incentives for binding juniors

instruments for knowledge storage of older
")

specific working time models for older (***)

specific performance factors for older

specific health management for older (***)

specific personnel resource planning for older
()

advanced training offers for older

demogr. measure for younger/juniors (***)

demogr. measures for elder employees (***)

***p<0.001, ** p< 0.01, * p<0.05

(11%). The findings with regard to the specific working time
models for elderly people are similar. 44% of the large enterprise
and 21% of SMEs offer these kinds of measures to their
employees. Only approximately 55% of SMEs have focused on
the increased training of young professionals, however, more
than two thirds of larger firms are active in this field. In fact, it is
surprising; due to the under-representation of SMEs on the labor
market and their image, that medium-sized firms are dependent
on specific measures for the recruitment of qualified young
professionals in order to deal with the future challenge of skill
shortages.

On the one hand, these findings once again stress the
relevance of demographics for both groups of firms. The
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Fig. 7. Use of demographic-oriented HR measures by firm size (Source: German Manufacturing Survey 2009, Fraunhofer ISI)*. “Significance of differences between SME

and LE has been tested by t-tests.
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majority, half of SMEs and LEs respectively, report that they are
using one or more of these HR measures to address demo-
graphic change. On the other hand, however, it seems that
SMEs face more difficulties in implementing such HR measures.
Unfortunately, the survey did not ask about the relevance or
concernment to implement such measures for the different
groups of firms. Then it would have been possible to crosstab
the relevance and the realized implementation which would
have provided an additional insight with regard to the
existence of the prevalence of possible barriers. But it can be
reasonably assumed that SMEs are even more strongly affected
by demographic dynamics as they (due to their limited
resource endowment) are not able to compete with larger
firms in attracting the scarcer group of high-skilled employees
in the future. Thus, future studies should investigate the
reasons why SMEs today seem to be less able to implement
such demographic-oriented HR concepts.

Following the resource-based line of argumentation, the
securing of the valuable knowledge resources of older em-
ployees is supposed to play an important role in maintaining
the innovativeness and competitiveness of firms. Thus, the
following analysis sheds some light on this aspect. As can be
seen from Fig. 8 there is a positive correlation between the
implementation of demographic-oriented personnel measures
and the firms' innovation successes measured by the successful
introduction of a new or significantly improved product within
the past three years.

Most prominently, there is a positive correlation between
the use of demographic-oriented personnel measures both for
younger and older employees and product innovation for the
group of non-R&D performing firms. Interestingly, this positive
effect vanishes as soon as the firm performs R&D, regardless of
the intensity of R&D activities. There might be several reasons to
explain this. Firstly, the innovation ability of non-R&D
performing firms relies much more on exactly the kind of
knowledge that is mainly represented by older employees:
practical and experience-based stocks of innovation knowledge
(Bender, 2006; Som et al, 2010; Som, 2012). Knowledge
management approaches, for example, storing and sharing

knowledge and experiences are important for the diffusion and
market placement of new products. Secondly, as soon as R&D as
an institutionalized process of formal knowledge creation comes
into play, practical and experience-based knowledge might be
internally fed into these R&D processes. In this case, the positive
relationship between demographic-oriented HR measures and
product innovation might be more of an indirect nature. This has
to be further investigated by future research. Interestingly, HR
measures aiming at younger employees show the same pattern.
While there is a direct and positive relationship in non-R&D
performing firms, no significant differences can be found for
R&D performing firms using or not using such measures. Again,
this could be due to the changing nature of the relationship from
a direct effect to an indirect effect that is blurred or moderated
either by internal R&D or - as R&D performers can be more
frequently found among larger enterprises — other existing HR
measures such as training and education programs.

To summarize this brief overview, companies are challenged
by the reduced population of workers as well as by their aging
workforces in the future. As mentioned before, the conducted
analyses provide information about the implementation of
specific measures related to the demographic challenge as well
as how they might be related to operational framework
conditions and innovation performance in the German
manufacturing industry. The analysis shows that most of the
companies are more focused on the challenge of the lack of
young professionals than on the problem of increased older
qualified personnel. The findings are comparable with existing
studies (see e.g. Bellmann and Leber, 2008). It has been shown
that firms offer limited specific personnel measures for older
employees, at the same time it indicates that measures for older
employees are significantly positively related to the firm's
innovation ability regarding new products, especially for firms
without R&D activities. From the HR management perspective,
the prevailing focus on younger employees can be questioned in
the future. Instead, it would be more promising to extend
existing HR measures to all groups of employees and their
specific needs along their individual life and working situation.
As some authors argue, HR management should become more
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holistic, intergenerational and life-phase oriented to cover future
oriented approaches like job design, enabling people of different
ages to work, age-diverse work teams and active recruitment
(Muller-Camen et al, 2011; Streb et al, 2009; Armstrong-
Strassen, 2008). Nevertheless, this chapter can only provide a
first insight into the diffusion and effects of demographic-
oriented HR measures. Future research is needed to deepen our
understanding of the determinants, mechanisms and barriers of
both the use and the effects of such HR measures in firms.

5. Discussion and summary

The overall objective of this paper was to give an overview
of the issue of active aging and the special aspect of the work
environment. The conceptual framework of the innovation
system approach was used focussing on the three main
subsystems: policy, science, and industry. For this, an inventory
with regard to the main sub-elements has been carried out. It
may be noted that in each of the three areas varied priorities for
action are given on the subject of an aging society.

In more detail, the policy perspective was characterized as
being responsible for institutional settings in different forms,
e.g. laws, standards, and initiatives. Here, the detailed analysis
focuses on the research and innovation activities in Germany. It
could be determined that a multitude of research agendas,
funding activities and initiatives, conducted in the last 15 years
were related to the topic of demographic change and aging
society. Especially the BMBF as well as the BMFSF] were
instrumental for these measures. Only since 2012 a compre-
hensive ‘demographic strategy’ in Germany is proposed. But, a
normative turn in innovation policy that created a demand for
different types of innovation patterns as well as for further
development of policy instruments could be observed. ‘Aging
society’ identified as one of the ‘grand challenges of our time’
could be one important starting point for the necessary changes
in research, technology and innovation policy.

The analyses of scientific publications give an overview of
the scientific communities which are involved in aging research
as a whole and especially in research activities that deal with
topics of aging society and work environment. Knowledge
management activities as well as training and education
concepts were relatively frequently discussed in scientific
articles compared to aspects like organization of working
time. It appears that the science community has not attributed
to a central contribution to deal with the challenge of an aging
society respectively aging workforces in the corporate context.
But, if we remember the results of the survey Eurobarometer
2012, precisely those kinds of obstacles were named that
discourage older employees from staying in their working
environment. To enhance the employability of elderly people
will be one important future research topic. Furthermore,
creative as well as foresight activities in firms, like environ-
mental scenarios, technology and product roadmapping or
technology scanning or scouting processes, were hardly
mentioned in the publication. Hence, there could be a point
for further research activities in the future, that deals with the
influence of older workforces on foresight related actions in the
firm's environment.

Based on the German Manufacturing Survey 2009 it has been
shown, that many firms have implemented demographic
specific measures despite the economic crisis. When analyzing

eight selected concepts it became clear that additional training
and incentives for binding young professionals are implement-
ed in many firms. However, it can be seen that firms are still a
bit reluctant in terms of personnel measures for older
employees. Especially, in the field of age-specific training and
further education it can be observed that firms are not yet able
to assess the potential of these measures for their sustainable
success. On that basis, future scientific research activities could
arise which deal with the question, whether and under what
conditions age-specific training or age-mixed training teams
are purposeful and learning success can be achieved. Further-
more, it has also been shown that the firm's intensity of
research and development activities has mainly an impact on
the development of personnel measures specifically for older
employees. A high intensity of research activity of an industry
goes hand in hand with more binding and training for the older
workforces. On the other hand, there is a positive relationship
between the successful development of product innovation
and the use of demographic-specific measures in firms without
research and development activities. But exactly for this reason,
non-research intensive firms could stand out clearly with
regard to the product innovation ability from the competition
with such kinds of personnel concepts.

The innovation system is characterized as a social process of
negotiation which is only successful by a sustained interaction
of the sub-elements. In the synopsis of the above-mentioned
results it should be noted, that the weakness of the innovation
system is more likely in a diffusion problem from science to
industry and in an adaption problem from the industry. As
mentioned before the scientific community has enhanced
discussion of different concepts and approaches related to
aging workforces. However, the industry is mainly focusing on
concepts for binding young professionals. The demographic
change and active aging aspects are fully underrepresented
compare to the technological funding programs. Consequently,
scientific findings diffuse insufficiently into the enterprises or
the awareness regarding the grand challenges and solutions is
not adequately pronounced. Therefore, it should be noted that
the political design possibilities are not adequately exploited.
Connecting factors for the knowledge transfer of existing
concepts and approaches in the industrial application could
be changing incentive scheme in the research programs and
funding activities. So, the topic of active aging or demographic
specific aspects could attach more importance within the
mentioned technology funding priorities. They could be an
integrated part of the technological orientated future projects,
so that technical and non-technical aspects especially demo-
graphic aspects are considered from the beginning. Further-
more, direct measures like collaborative projects which are
enable to develop tailor-made solutions for the industrial
project partners are promising approaches. Here the first initial
steps can be stated, but the comprehensive integration of this
topic in the science, technology and research policy is limited.

6. Limitations and future research

The inventory of the three main elements in an innova-
tion system could only focus on selected aspects in the
different fields. The effects of the different mechanisms of
development and interactions between these elements are
not discussed in detail. So, the comparison of funded
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projects and their research results as well as their scientific
publications and implementation in a firm's environment
could be a starting point for further research. The qualitative
analysis of the policy perspective has focused on the funding
activities, especially by the BMBF, over the last decades. It
can be stated that various activities have taken place, but a
statement regarding the delivery in a quantitative way has
not been made. A detailed analysis of the funding programs
by different ministries and with different research priorities
can provide further information about the visibility and
importance of the issue ‘demographic change’. The industry
perspective was presented through research results from
the German Manufacturing Survey 2009: An analysis of the
importance of demographic specific measures as well as
their interrelation to the innovation capability of a firm was
conducted. Based on this, further analysis would be possibly
related to different types of innovation, like service,
marketing or process innovation, which have to be consid-
ered in the discussion about the innovation performance of a
firm. As mentioned before, future research is needed to
deepen the understanding about the determinants, mecha-
nisms and barriers of both the use and the effects of such HR
measures in firms. Furthermore, the survey of panel data
could be helpful for the analysis of the development of
corresponding concepts over time and their dynamics. In
addition, from the content perspective, the topic of organi-
zation of working time could be stated as one important
starting-point for further research activities, which address
both the demand of citizens and the needs for those concepts
in the industry. As mentioned before, aspects like foresight
and aging society are barely mentioned both in the scientific
community and on the innovation policy level. To accom-
plish the demographic change and its effects, all key actors of
the innovation system should contribute to the grand
challenge of ‘aging societies’ in a comprehensive and
appropriate way. Consequently, to reach this goal, informa-
tion exchange and detailed discussions between the differ-
ent actors are important for future activities about their
concerns, needs and essential framework conditions are
necessary and its implementation is just at the beginning.
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