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Abstract: Despite improvements in technology, production flexibility, required by modern manufacturers to 
compete, cannot be increased without a large contribution of the major flexibility enabler: the human workforce. In 
many cases automation is still far from providing reliable solutions at reasonable costs and flexibility is mainly 
provided by human dexterity and cognition in manual and cognitive tasks.  

For many years the influence of human behavior on production system performance has been underestimated and a 
lot of unrealistic assumptions have been used to simplify the human component modeling. Notoriously, if on the 
one hand, due to their dexterity and learning skill, humans are recognized as the most flexible resource, on the other 
hand, they also are the most complex to be managed.  

Nowadays, population aging, first perceived as an issue of developed countries, is acknowledged as a global trend 
that will have drastic socio-economic implications over the next decades. From a business perspective, the age factor 
has to be taken into account at both strategic and operational levels. Constrained labor flexibility, loss of efficiency 
and knowledge transfer are core cross-disciplinary issues in the aging workforce management.  

In this article, focusing on manual repetitive tasks (i.e. assembly lines), a survey of the state-of-the-art in the 
management of the aging workforce has been conducted in order to highlight key aspects and suggest future research 
directions. 
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1. Introduction 

Declines in both fertility and mortality rates result in 
population aging, a demographic trend consisting of an 
increase in the proportion of older people in the 
population. Nowadays, 11.7% of 7.2 billion persons in the 
world are aged 60 or over. One third of them resides in 
developed regions (i.e. Europe, Northern America, Japan, 
Australia and New Zealand), more than one fifth of the 
1.25 billion people living there. By 2050, the global 
population aged 60 or over is expected to more than 
double, reaching two billion persons (i.e. approximately 
21% of the estimated world population). Almost 80% of 
them will live in developing regions, where the growth 
rate of the older populations will be four times higher 
than elsewhere. Nonetheless, developed areas, which will 
account only for about 2% of the world population 
growth, will continue to have the highest proportion of 
older (and oldest) people: one third aged 60 or over, one 
fourth aged 65 or over. At the same time, the three under-
60 20-year age groups will continue to converge and 
decline (UN, 2013a; 2013b).  

Changes in population age composition are reflected in 
the available workforce age structure.  In Europe, working 
age population trends indicate that the oldest age group 
(55–64 years) will expand by about 16.2% (9.9 million) 
between 2010 and 2030, and all the other age groups show 

a declining trend (EASHW, 2012). The employment rates 
of older workers (55–64 years old) are currently less than 
50%, indicating that more than half of older workers 
prefer to retire earlier. Long-term health problems and 
chronic diseases increase with age. In Europe, 
musculoskeletal disorders are the most common 
occupational diseases (almost 40% of the whole) 
(EASHW, 2010), and about 30% of jobs in Europe today 
involve poor work postures, the handling of heavy objects 
or repetitive work (EASHW, 2012). 

From a socio-economic perspective, population aging may 
have drastic implications. The European Commission's 
“Active Aging” policy is helping people to stay healthy 
and in charge of their own lives for as long as possible as 
they age and, where possible, to contribute to the 
economy and to society (Eurofound, 2014). In fact, in 
most modern societies, older persons consume more than 
they produce, and one way to finance their consumption 
in old age is to work and hence receive labour earnings 
(UN, 2013a). 

Similarly, business organizations are concerned about the 
potential loss of knowledge deriving from early 
retirement, as well as age-related declines in productivity. 
Globalized turbulent markets highly expose capital-
intensive industries to the risk of unprofitable 
underutilization of capacity. Furthermore, the shift 
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towards the mass customization manufacturing paradigm 
requires manufacturers extreme production flexibility. 
However, despite improvements in technology, flexibility 
cannot be increased without a large contribution of the 
major flexibility enabler: the human workforce. In fact, in 
many cases automation is still far from providing reliable 
solutions at reasonable costs and flexibility is mainly 
provided by human dexterity and cognition in manual and 
cognitive tasks.  

Today, among individual factors impacting on workers 
performance, high attention is being paid to the age from 
both scientific community and manufacturers. 
Constrained labor flexibility, loss of efficiency and 
knowledge transfer are core cross-disciplinary issues in the 
aging workforce management. In new partially automated 
– hybrid human/machine mixed-model assembly lines, 
there is the need for a rethinking of cognitive and physical 
age-related workers capabilities from a managerial 
(operational-, tactical- and strategic-term) perspective. 

In this article, a literature review about the aging 
workforce management in human-based production 
systems has been conducted. In the next section, main 
findings and gaps in research on age-related productivity 
are summarized. The third section is devoted to a state of 
the art in the aging workforce management. Finally, main 
general conclusions and future developments are reported 
in the last section. 

2. Age and productivity in human-based production 

systems  

Changes in the workforce age structure may have an 
impact on establishment productivity. In assembly lines 
the higher the average age of the assemblers, the higher 
the risk they cannot meet all the requirements (Buck et al., 
2003). However, despite several reviews of aging and 
work productivity have been conducted, the link between 
age and productivity is still unclear due to the lack of 
enough empirical evidence. Productivity effects of aging 
are still difficult to be estimated.  

First, productivity is a system attribute rather than an 
individual one (Lindh et al., 2005). Even though many 
medical and psychological studies have tried to measure 
the average productivity of old employees, individual 
productivity can be considered as dependent on other 
factors such as technological changes and changing 
demand for skills, as well as the social context and the 
labour market. Moreover, the individual dimension of 
productivity does not take into account the collective 
benefit deriving from cooperation among workers in 
working teams or the overall level of establishment 
productivity. 

Focusing on the effects of aging on health, which 
incontrovertibly affect the individual job performance, key 
findings are that changes in cognitive and physical 
functions may occur over the life cycle.  

Cognitive performance is affected by fluid and crystallized 
abilities, each one following relatively independent slopes 
across the lifespan. Fluid cognitive abilities, such as 

attention, perception, information processing speed, 
reasoning and working memory, tend to strong decline 
with age, significantly by the age of 50 (Baddeley, 1986; 
Craik and McDowd, 1987; Plude and Hoyer, 1985; 
Verhaegen and Salthouse, 1997). Vice versa, crystallized 
cognitive skills, such as word fluency and vocabulary size, 
tend to remain more stable. Declines in attentional 
capacity and working memory may cause difficulty 
learning new concepts, recalling uncommon operational 
procedures, switching tasks or performing concurrent 
activities. Despite the age-related decline in fluid 
intellectual abilities is acknowledged as a universal and 
substantially unavoidable phenomenon, similar for both 
men and women (Maitland et al., 2000), Schaie and Willis 
(1986a; 1986b) first, and Ball et al. (2002) later, 
demonstrated that it can be halted by specific training 
programs. Such programs can stabilise, or even reverse, 
declines in inductive reasoning, processing speed and 
memory.  

Physical aging includes age-related declines in physical, 
physiological, perceptual and motor processes, and 
declines in abilities, such as dexterity, strength and 
endurance.  Main effects of aging may be summarized in 
table 1.  

 

Table 1.  Main physical aging effects  

Function  Main Effects Source 

Eyesight Decreases in static and 
dynamic visual acuity; need 
for objects 50-70% lighter 

and with a stronger contrast 

(WHO, 
1993) 

Hearing A loss of sensitivity for high 
frequency tones; problems 

localizing sounds; sensitivity 
to loudness 

(Schieber et 
al., 1991; 
WHO, 
1993) 

Muscle 
capacity 

Decrease in maximal 
isometric trunk extension/ 
flexion strength of  workers 

aged 45-50 of 40-50% 
during a 10-year period 

By age 40, 95%; by age 50, 
85%; by age 65, 75% 

(Nygård et 
al., 1999) 

 

 

(Vitasalo et 
al., 1985) 

Movement 
time 

Groups aged 66–87 30% 
slower than aged 18–30 

(Tolin and 
Simon, 
1968) 

Lung 
capacity 

Decreases from 80% to 
65% from age 20 to 60; 

strength drops from the age 
of 50 

(Prskawetz 
et al., 2005) 

Blood 
circulation 

From age 20 to 80, a 50% 
decline in ventricular filling, 
and a continuous decrease 
in the maximum heart rate 

(Prskawetz 
et al., 2005) 
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As in the case of fluid cognitive abilities, deterioration of 
physical qualities over the life cycle may be reduced 
through exercises and wellness programs. In work 
environments characterized by higher physical efforts, 
keeping workers healthy means increasing not only their 
abilities but also reducing the risk of injury. In fact, if on 
the one hand older workers have lower non-fatal injury 
rates, on the other hand when older workers do get hurt 
they need more time off and suffer fatalities at a higher 
rate (Kisner and Pratt, 1999). In manual assembly jobs, 
characterized by highly repetitive short cycle operations, 
work-related musculoskeletal disorders tend to be more 
prevalent in workers aged 40 to 60 years.   

Fortunately, both decreases in cognitive and physical 
functions may be offset by experience. In Giniger et al. 
(1983) it was found that older workers may use experience 
to compensate for declines in physical endurance. Czaja 
(1994) noted that experience makes up for cognitive 
deficiencies while technology reduces physical demands. 
In what may be called “Compensation Theory”, 
“experience is the primary determinant of job 
performance” (Giniger et al., 1983). 

In particular, according to some of the most required 
skills by the labour market (i.e. Numerical Ability, 
Managerial Ability, Clerical Perception, Finger Dexterity, 
Manual Dexterity and Experience), Prskawetz et al. (2005) 
represented how these abilities (measured as deviation and 
scaled by standard deviation from ability levels of 25-34 
years old) vary among age groups (Figure 2).  

 

 
Figure 2. Ability levels according to age 

 

To conclude, nowadays, despite improvements in 
technology, the role of the human workforce is still crucial 
in flexible production lines. Physical abilities are still 
required in order to carry out more complex production 
stages not fully automated such as final assembly. 
Furthermore, cognitive skills are needed by workers to 
interact with new technologies and to be able to cope with 
organizational strategies such as job rotation. Therefore, 
in aging societies, the need for new organizational tools 
able to take into account age-related changes in workforce 
productivity is urgent.  

3. Aging workforce management tools 

At the company or plant level, several recommendations 
have been made to increase the employment rate of older 
people, to keep people healthy and at work for longer, and 
then to increase individual and collective productivity. 
However, customized solutions for a successful and 
sustainable long-term management of the aging workforce 
are still needed (Streb and Voelpel, 2009). The 
effectiveness of most programs and policies in literature is 
still far from being scientifically proven.  

In Ilmarinen and Rantanen (1999), four organizational 
strategies are suggested to preserve or enhance individual 
work ability over time: adjustments in physical work 
environment (e.g. physical workload, rest/work schedule, 
and repetitive motion); adjustments in the psychosocial 
work environment (e.g. flexible work schedules, 
teamwork); health and lifestyle promotion (e.g. physical 
exercise, risk factor reduction, occupational health 
services); worker skills and competency building. 

Similarly, Moyers and Coleman (2004) identified four key 
dimensions in the aging workforce management:  

- the work environment;  

- work organization and work-life balance;  

- the health and fitness of the individual worker; 

- the social context.  

The first one refers to ergonomics, and so job 
performance; the second one includes human resource 
management measures such as retirement policies or 
reduced working time; the third one refers to workers’ 
protection, the promotion of their health and their 
competency building; the fourth one aims at minimizing 
social interferences negatively affecting job performance.  

Successively, the European Foundation for the 
Improvement of Living and Working Conditions 
(Eurofound, 2006) published a guide aimed at being a 
practical tool to assist all of those with responsibility for 
employment, such as managers, policy makers and social 
partners, in ensuring that workforce aging is managed 
successfully at the organizational level. Despite other 
dimensions of age management practice were pointed out, 
no substantial change occurred. 

First, an ergonomic (proactive) redesign of the work, 
which matches the physical and cognitive characteristics 
of it to the abilities of the worker, is fundamental. 
Musculoskeletal diseases may be tackled by reducing 
extreme joint movements, excessive force, and high 
repetition of movements. Physical stresses on the 
musculoskeletal system can be mitigated by allowing 
adequate recovery time and by reducing static and 
stressful postures.   

Work-life balance solutions such as flexible hours, 
telecommuting or phased retirement may provide more 
supportive working environments that reduce job 
stressors and enable safe and productive performance 
(Landsbergis, 2003). 
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Health management measures, including both physical 
exercises during regular working hours and training (such 
as job rotation), keep the older worker physically fit, and 
broaden his perspectives and skill sets. BMW and 
DaimlerChrysler’s health management systems are 
popular examples (Streb et al., 2008).  

Streb et al. (2008) first addressed the issue of the 
workforce aging from a business management perspective. 
They grouped literature and practical examples on aging 
workforce management measures according to various 
organizational action fields. The authors mainly found the 
importance of: a gradual retirement as a human resource 
management measure; an appropriate managerial mindset 
able to appreciate old employees’ experience; the right 
organizational tools for enforcing learning. Among the 
latter, job rotation between workstations, units or plants 
still remains a common practice on production lines, 
reducing the monotony of repetitive tasks and increasing 
flexibility. By involving all age groups, job rotation ensures 
that know-how is transferred from one generation to 
another.  

More recently, Göbel and Zwick (2013) investigated how 
much specific human resource measures for old 
employees (SMOE) impact on old employees’ 
productivity. In particular, the authors focused on five 
measures: specific equipment in workplaces, working time 
reduction, age-specific jobs, training for old employees 
and mixed-age working teams. They found higher relative 
productivity for old workers for establishments with 
specific equipment in workplaces, age-specific work 
requirements and for establishments that use mixed-age 
working teams. Age-specific jobs for old employees (also 
known as “bridge jobs”) consist of shifting old workers to 
workstations that best fit their capabilities, interrupting 
repetitive or physically demanding tasks and keeping 
workers also motivated. Age-mixed working teams are 
working teams constituted by employees of different age 
groups. The theoretical assumption in favour of mixed-
age working teams is that the benefit of inter-generational 
knowledge transfer has more impact than potential 
disadvantages due to the team heterogeneity (e.g. 
communication problems).    

4. Conclusions 

Rapidly aging societies constraint flexibility, and thus 
productivity, in human-based production systems. Despite 
many attempts have been made in order to measure age-
related productivity, productivity remains complex to be 
measured both at the individual and collective level.  

However, increasing age-diversity in the workplace seems 
to be an opportunity for both organizations and 
individuals if appropriate job rotation programs are 
scheduled.  

As Streb and Voelpel (2009) stated, aging workforce 
management tools need to be customized, designed to 
match task requirements to individual changing abilities 
over time. 
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