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ABSTRACT  

Background: As the effects of demographic transition are realised around the world, many in-
dustrial societies are facing the effects of a baby boom generation, increased life expectancies, 
decreased birth rates and recent changes to retirement legislation with the result that older work-
ers are set to comprise a greater proportion of the labour force.  
Methods: This paper reviews the evidence for the physical and cognitive factors that characterise 
an ageing workforce in manufacturing. From an ergonomics and human factors (E/HF) pers-
pective, characteristics of manufacturing tasks and the effects of ageing provide an insight into 
how the industry will have to adapt to support the user needs of the older worker in the future. 
The approach taken is drawn from Ilmarinen’s framework of age, experience, and work 
performance, from which specific E/HF issues are explored. 
Results: There would appear to potential to support physical decline in older workers within 
manufacturing jobs through increased mechanisation and automation; however, those factors 
associated with cognitive human factors are less clear. Increased mechanisation and automation 
can place greater loads and demands on the older worker where cognitive decline is more subtle 
and varied between workers.  
Conclusion: Using historical and contemporary findings and the relationship between age, 
experience, and work performance is redrawn to include both cognitive skills and physical 
attributes to provide recommendations for future job design and worker needs.  
Keywords: Older workers, Ageing population, Ergonomics, Human factors, Manufacturing 
  
 

 
 
 

Introduction 
 

Manufacturing industries operate in a 
highly competitive environment and in the 
21st century businesses are restructuring and 
re-engineering themselves in response to key 
demands and challenges. One such 
development is an ageing workforce that will 
have a direct impact on the manufacturing 
function of many countries over the next 50 
years [1]. As a result, and following the 

recent global recession, companies have to 
be both competitive in the marketplace as 
well as adopt increasingly resilient 
manufacturing strategies to cope in volatile 
markets [2]. 

Over the last 150 years a combination 
of reduced infant mortality and increased life 
expectancy has led to a redistribution of 
demographics in the UK and across the de-
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veloped world [3]. Population projections 
suggest that following the post-war baby 
boom of the 20th century the older popula-
tion sector will continue to expand during 
the first quarter of the 21st century from 400 
million to 1.3 billion by 2050 [4]. With these 
figures in mind, the mean age of workforces 
is expected to increase over the next 40 
years. Older people represent one of the 
most heterogeneous groups in any society 
[5]. With nearly one-fifth of the population 
of the industrialized world soon to be be-
yond a traditional retirement age, businesses 
need to re-appraise their attitudes towards 
older workers [6]. From this, questions re-
garding the relationship of age and ability, 
productivity, quality of work, or health risks 
and safety of ageing employees represent 
fundamental issues that need to be explored 
and addressed [7].  

  
Demographic transition 

When the notion of ‘demographic 
transition’ was first put forward, it focussed 
on Europe but was predicted to spread 
throughout the world [8]. By comparing 
population data from the 1950s to the 
present day against projections for 2050, the 
effects of demographic transition can be 
seen to spread across Europe, United States 
and Asia as a process of ageing [9]. With 
many societies now beginning to recognise 
issues associated with an ageing workforce, 
three key causes of demographic transition 
are [1]: 

• the baby boom generation 
• increasing life expectancy 
• decreasing birth rates  
The period between 1946 and 1964 

witnessed a major increase in the worldwide 
birth rate, giving rise to the baby boom gen-
eration. With 76 million people born during 
this period, the size and age composition of 
the workforce was then determined for the 
following 30 years [10]. After the Second 
World War there was a need to open 
workplaces and traditional skilled male roles 
to large numbers of predominantly younger, 
unemployed male and female workers to 
help rebuild industries affected by the war 

effort. During the 1960s social security and 
private pension policies were designed to 
encourage retirement of older workers who, 
along with automation of manufacturing 
processes, were then replaced by younger 
less-skilled workers [11]. The ageing work-
force has also been influenced by increasing 
life expectancies with technological and 
medical advances safeguarding people from 
dying at younger ages [8]. With a prediction 
that the number of workers over 45 years 
would increase by 7% (from 33% to 40%) 
between 1998 and 2008, those aged 25 to 44 
years were also expected to decrease by 7% 
(from 51% to 44%) during the same period 
[10]. With birth rates declining, there has 
been a growing tendency for smaller family 
sizes such that in many countries popula-
tions have decreased whilst average ages 
have increased [12]. As a result, there is now 
a baby bust generation with more workers 
over 50 years of age than have been pre-
viously recorded [13].  

The result of this shrinking labour 
supply is that there are fewer younger work-
ers and an increasing number of older work-
ers in the workplace who not only need to 
work to manufacture products but also to 
support the increasing retirement base of 
people a generation older than them [14]. 
These effects will be felt by different coun-
tries and their respective workforces across 
different time scales according to their dif-
ferent stages of demographic transition. This 
is important in the manufacturing environ-
ment as companies are increasingly required 
to compete in the global marketplace, but 
are not necessarily at the same point of 
global demographic transition. Strategies will 
focus on emerging markets together with 
best cost manufacture in low cost econo-
mies, customers, partners and suppliers in-
creasingly sought abroad in order to remain 
competitive [2]. 

 
Workforce demographics in manufac-
turing 

In addition to the phenomenon of 
demographic transition across different geo-
graphic regions, there is a clear transition 
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across the manufacturing industry. In the 
UK, the spread of older employees appears 
to be evenly distributed across industrial sec-
tors [15]. A review of the 10 occupations 
most affected by retirements in the manu-
facturing industry [10] illustrates that the 

percentage of workers over 45 years old and 
leaving the industry ranges from 53.1% to 
74.2% with older workers typically contri-
buting 35% to 57% of the total workforce 
(Table 1). 

 
Table 1: Manufacturing occupations with a greater-than-average number of workers ages 45 years and 

older, 1998-2008 (adapted from: Dohm, 2000) 
 

Occupation  Total 
employeed 

N:1998 

%  of 
employeed, 45 
& older 1998 

Retiree 
replacement 

needs 1998-2008 

% of workers 45 & older 
leaving occcupation 

1998-2008 
Operations and systems 
researchers and analysts 

212 37 54 74.2 

Supervisiors, mechanics & 
repairers 

259 42 69 68.3 

Industrial machine repairers 563 37 125 60.4 
Technical writers 73 37 12 59.0 
Winding & twisting machine 
operators 

53 42 12 55.2 

Crane & tower operators 67 49 16 54.2 
Machinists 532 35 89 53.8 
Electronic and electrical 
equipment assemblers 

343 40 58 54.7 

Millwrights 83 57 22 53.3 
Upholsterers 71 47 12 53.1 

 
In the US, different industries are un-

der threat where older experienced workers 
are approaching retirement with too few 
specialist younger professionals to replace 
them [16]. Many industries from utilities and 
healthcare, to insurance, financial services 
and public education consist of skilled 
workers who will soon be eligible for retire-
ment. The situation is compounded by poor 
uptake and reduced recruitment into these 
professions in response to budget cuts, 
downsizing, artificial intelligence and auto-
mation as well as the increasing European 
retirement age.  

This situation is not just restricted to 
white-collar professions. Those occupations 
already experiencing talent shortages as old-
er workers retire are blue collar occupations, 
heavily reliant on skilled trades such con-
struction, heavy manufacturing, field utility 
and energy personnel, skilled glass workers, 
mine operators, carpenters, electricians, and 
maintenance personnel [16]. Additional rea-
sons contributing to the decreased numbers 

of new labour entrants into blue-collar pro-
fessions, include the encouragement of cur-
rent workers seeking a more formal educa-
tion for their own children and some tradi-
tional occupations (e.g. tool and die making) 
being regarded as less attractive to younger 
workers despite an availability of jobs in 
these areas [10]. 

Further external factors that may in-
fluence demographic transition include 
those associated with the economy. A par-
ticular example is linked to the economic 
slowdown in the early 1990s. Having cut 
recruitment and by releasing younger work-
ers through redundancies, newly unem-
ployed individuals were left to compete for 
limited opportunities. A direct result of this 
has been a shortage of workers in their early 
thirties to take over the work of retiring spe-
cialists [6]. More recently with the latest 
economic crisis, graduates are remaining un-
employed for longer after leaving higher 
education, re-employment rates are lower, 
and part-time employment is more common
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 among full-time job losers so that the 
resource of a full time workforce has been 
further compromised [17]. 

Given the effects of demographic 
transition on the manufacturing industry, it 
is interesting that industry managers appear 
to ignore the potential problems of an age-
ing workforce. An empirical analysis of 
manufacturing manager perceptions of older 
workers illustrated that even when compa-
nies have strategies and initiatives to address 
demographic change and the long-term ef-
fects are apparent, managers did not con-
sider it an issue that required immediate at-
tention [1]. As workforces are losing their 
ability to rejuvenate, demographic changes 
(and to an extent economic policies linked 
to education and retirement) may force older 
workers to postpone retirement and the 
predictions of an increasingly older labour 
force across many industries around the 
world is becoming a reality [12, 18]. With 
managers seemingly unaware of the urgency 
associated with the situation [13] there is a 
need to raise both practitioner and re-
searcher awareness regarding demographic 
transition and its effect on the labour force. 

 

Methods 
 
This paper reviews the evidence for 

the physical and cognitive human factors 
that are critical as we have an ageing work-
force in manufacturing. The fundamental 
physical and cognitive characteristics of 
manufacturing tasks and the effects of age-
ing provide an insight into how the manu-
facturing industry will have to adapt to sup-
port the user needs of the older worker in 
the future. The approach taken is drawn 
from ergonomics/human factors (E/HF). 
This discipline and profession is both a 
science and a craft, contributing knowledge 
to plan for and design new equipment and 
systems, and also techniques and approaches 
to undertake user-centred (re)design of 
hardware, software and socio-technical sys-
tems. Thus E/HF is centrally concerned 
both with the impacts on people of work 
systems (their health, safety, satisfaction, 
growth, etc) and also with the impacts of 

people via their performance and that of the 
human-machine system (their reliability, ef-
fectiveness, quality etc). 

E/HF takes a user-centred approach 
to understand user needs, user requirements, 
and user limitations. Various work analysis 
techniques (e.g. task analysis, cognitive task 
analysis, cognitive work analysis etc) allow 
E/HF experts to describe the interactions 
between users, technologies and their work 
environments at a level of detail that can be 
used to inform job design solutions [19, 20]. 
This emphasis on user-centred principles is 
formalised in the publication of 
International Standard ISO:13407, Human-
Centred Design Processes for Interactive 
Systems which outlines four fundamental 
factors associated with user-centred design: 
user involvement and task requirements; 
function allocation within a socio-technical 
system; iterative design processes; and mul-
tidisciplinary input.  

 
Results 

 
Human factors in the manufacturing in-
dustry 

In a position paper requested by the 
International Ergonomics Association, de-
sign for the ageing population has recently 
been identified as one of the key challenges 
facing E/HF for the next 20 years [21]. 
Amongst the sectors most relevant to this 
concern is that of manufacturing, in all its 
forms. Manufacturing is a particularly inter-
esting focus for work systems design to cope 
with an ageing workforce as we are dealing 
with 50 to 60/70 year old workers (in 
Europe at least) as against 60 to 80 year olds 
in transport systems and 70 to 90 years olds 
in the home, health systems and community 
etc. Thus there is more research evidence 
available on which to draw, simply because it 
is easier (practically and ethically) to have 
obtained scientific evidence regarding capa-
bilities for the slightly younger group. Also, 
for example, although modern manufactur-
ing plants in the German auto industry are 
much different in technology, environment 
and work systems from 30 years ago, the 
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jobs and machines in a Spanish small part 
fabrication plant or an independent UK 
foundry may look very similar to those of 
the 1930s. Moreover, across Asia, Africa and 
South America there are very many small 
manufacturers using traditional systems and 
machines, alongside the gleaming modern 
show plants of China and South Korea. 
Thus, much of the literature on people’s ca-
pabilities and limitations relevant to manu-
facturing work of three decades ago is still 
relevant today. 

Manufacturing industry is character-
ised by the use of human resources to proc-
ess raw materials into finished products, 
through the use of machines and tools [22], 
even in light of the increasing use of 
automation, robots, supervisory control 
systems and virtual tools. Manufacturing 
jobs consist of a series of tasks with motor, 
perceptual and human information proc-
essing demands as well as increasingly 
needing conceptual and discretionary skills 
[23].  

Studies and reviews investigating 
normative decline in physiological fitness, 
cognitive ability and health parameters asso-
ciated with chronological age, illustrate a 
broad consensus in the scientific community 
that performance on many measures gener-
ally declines as age increases [24]. A tradi-
tional view of the relationship between age 
and performance is based on a ‘decremental’ 
model of human performance that occurs 
during the second half of adulthood and 
proposes that after reaching a peak of fitness 
and ability, performance diminishes [25]. 
Whilst this model has high face validity and 
has been adopted by decision makers, it has 
been argued that it does not apply to real 
working environments [1]. The model is de-
rived from laboratory experiments and stu-
dies in real settings have not always illu-
strated similar decremental effects in line 
with increased age. There is evidence that 
other factors beyond age influence the per-
formance of a worker, with performance 
scores significantly varying within age as op-
posed to across age cohorts [26]. It has also 
been argued that older technology users of-

ten bring with them a wealth of experience, 
prior training and enhanced mental models 
of processes that may support them in vari-
ous tasks [24]. In a humourous, non-scien-
tific book, [27] exemplifies this, drawing 
upon a number of authors to suggest that 
“… the markets are in reality 22-27 year old 
business school graduates … reporting to 
bosses perhaps five years senior …they gen-
erally possess the mentality … of secondary 
school students (quoting Kevin O’Rourke) 
… [that] … researchers have now shown 
that brain cells do not disappear in large 
numbers with the normal ageing process … 
we are slower than we used to be in learning 
new skills … but experience allows us to ap-
ply that learning to better effect … [and in] 
vocabulary, verbal memory, spatial orienta-
tion and inductive reasoning people per-
formed best between 40 and 65 … and out-
scored their performance in their own 20s” 
(quoting Barbara Strauch). 

In order to better understand the ca-
pabilities and limitations of older workers, 
the interactions between experience, work 
performance, and ageing have been 
modelled by [7] (Fig. 1).  
 

 
 

Fig. 1: Age, experience, and work 
performance (adapted from: Ilmarinen, 

2001) 
 

In this model, experience (which is 
assumed to be a function of age) supports 
cognitive skills and work performance. Age 
is assumed to have a negative impact on 
cognitive skills which in turn has a positive 
impact on work performance and so 
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experience is a key factor in mediating work 
performance for older workers. The 
association of experience to cognitive skills 
and work performance is mutually exclusive 
so if experience improves or maintains 
cognitive skills, the emphasis lies in this 
direction and the association of experience 
and work performance is weaker [7]. This 
model helps explain why job performance 
does not necessarily diminish with age and 
with an understanding and effective use of 
experience (e.g. from life-experience or 
previous work and training) older workers 
can improve their performance in work life. 

With older workers set to comprise a 
greater proportion of the future workforce, a 
human centered approach will become 
increasingly important. With this in mind a 
more detailed interpretation of the physical 
and cognitive characteristics of 
manufacturing tasks, effects of ageing and 
the subsequent effect on the manufacturing 
task is considered. With recent initiatives in 
the UK to raise the retirement ages for male 
and female workers, older workers are 
evolving into an important sector of the 
employment market but this has largely 
occurred without full consideration of their 
user (or worker) needs across various 
physiological and cognitive factors.  

 
Older workers: Physiological and bio-
mechanical human capabilities in man-
ufacturing 

Assembly tasks are one of the most 
common activities in many manufacturing 
and processing industries characterized by 
precision demands [28] repetitive 
movements of the arms, hands, and fingers 
exertion of grip, axial and torque forces [29] 
and, in instances when large pieces are 
assembled, workers may also have to lift 
and/or support heavy objects [30].  

Assembly tasks typically involve 
intensive use of different hand tools [31]. 
Although the use of powered hand tools is 
common in many industrial work situations, 
simple hand tools are still common [29]. 
Screwdrivers are widely used in a number of 
occupations such as electronics assembly 

and automobile assembly, maintenance and 
repair activities and construction work [32, 
33]. In addition, fastening screws with a 
screwdriver requires both dexterity and 
tactile feedback. Working with a manual 
screwdriver requires forearm torque 
strength, muscle control and endurance 
capacity [34].  

Depending on the type of machine 
and machine tool use in a particular manu-
facturing plant, the demands on the work-
force may include [35]: 

• a high degree of muscular coordina-
tion and manipulative accuracy (con-
stant, rapid, highly complex and dex-
trous movements of different limbs 
in space and time, with a high degree 
of rhythm and timing). Often char-
acterised by fine, intricate, subtle and 
controlled movements 

• considerable muscular coordination 
required (controlled manipulation of 
machine controls requiring high level 
of manual dexterity) 

• physical co-ordination required (use 
of hand tools, gauges and machine 
controls requires manual dexterity or 
agility of limb movements) 

• little demand on muscular co-ordina-
tion or manual dexterity to operate 
manually machine controls or hand 
tools to any degree of precision 

• task requires no manual dexterity 
(any movements required are com-
monplace, everyday movements). 

Maximum physical and muscle 
strength is generally reported between 20 to 
30 years of age [11] and declines by 15% to 
50% as the individual ages [36]. The decline 
in physical strength is gradual until 40 to 50 
years of age and increases thereafter. The 
capacity to perform work requiring muscle 
effort over a period of time declines sub-
stantially after 50 years of age however, this 
effect reduced or was neglible in industrial 
populations [37]. Such declines in strength 
also vary greatly across different muscle 
groups. Muscles of the lower-body tend to 
exhibit the greatest decline relative to upper-
body muscle groups, both within and be-
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tween individuals [38]. Being weaker and 
vulnerable to musculoskeletal disorders or 
injury is a key factor in the perceptions that 
older workers have of their own abilities in 
the workplace [15]. However, muscle endur-
ance appears to decline at a slower rate than 
actual muscle strength [36] even if workers 
use qualitative interpretations of their 
abilities by reporting that their bodies are 
‘slowing down’ [15].  

In relation to fine motor skills, the re-
lationship between motor behavior and en-
vironmental stimuli is important [18]. Psy-
chomotor performance is commonly meas-
ured according to response times or accu-
racy as a function of task complexity and 
stimulus-response processes. Simple re-
sponse times and fine motor performance 
on a newly acquired task show that older 
people have slower responses than younger 
people and that response times increase 
more after 60 year of age [39]. However, 
task complexity is also an important factor. 
A single emergency stop button system con-
trolling the table and spindle on a computer 
numerical controlled (CNC) turning centre 
illustrated that whilst a performance decline 
occurred in older workers it could still be 
maintained well into old age [36]. For a 
process with a double emergency stop but-
ton system (one controlling the spindle and 
one controlling the table) performance was 
found to decline for the older worker partly 
due to task complexity [38]. Evidence of in-
compatible responses increased the response 
times for older workers as they found it 
more demanding to adapt to a change in 
emergency stop button (from ‘big, red and 
round button’ to ‘small, purple and square 
button’) due to the incompatible notion of 
the emergency stop [38]. This also supports 
the notion that older workers may be anc-
hored to prior mental models, where tradi-
tional designs have more salience over new 
designs [24]. 

In addition to muscle strength and 
fine motor skill tasks, other physiological 
functions that are reported to decline pre-
dictably with age include bone density, pul-
monary oxygen uptake, exercise capacity, 

visual acuity and resistance to heat and cold 
stress [11]. Estimated decreases in oxygen 
uptake of 20% to 30% occur between the 
ages of 20 to 49 years of age [40]. This in 
itself is an integrated measure of cardio-res-
piratory fitness but may also directly impact 
on physical endurance in older workers es-
pecially in physically demanding manufac-
turing workplaces. Environmental condi-
tions also appear to affect older workers 
more than younger workers. More specifi-
cally, older people have a reduced ability to 
maintain a constant body temperature in 
hostile work environments where increases 
in heat and humidity were key factors. Envi-
ronmental pollutants (e.g. dust) can also af-
fect the respiratory efficiency of older work-
ers to a greater extent than younger workers. 
Other factors indirectly associated with work 
may affect older workers more than younger 
workers. Difficulties in commuting and tra-
vel to (field) work, and on-call working [41] 
act to compound the effects of the work 
process by placing greater physical demands 
on older workers before they start work; 
something which is particularly evident in 
manufacturing support industries such as 
catering and cleaning on premises [15]. Shift 
working, especially including night working, 
also seems to have greater effects on older 
workers than their younger colleagues. It is 
important, therefore, to consider the full 
work system and organisational environment 
when evaluating the consequences of physi-
ological and biomechanical stressors for an 
ageing workforce. 

Whilst older workers face specific 
challenges in the workplace due to declining 
motor and psychomotor skills, the ability to 
work successfully is the result of many inte-
grated factors [11]. For example, older users 
involved in word-processing and computer 
use, despite slower input rates and reaction 
times related to psychomotor skills, are able 
to compensate through increased scanning 
behaviours than younger workers [13]. 
Likewise, training and practice enhance both 
physical (and cognitive) performance of 
older workers [42]. In this respect training, 
practice and experience can be seen to en-
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hance older worker performance, in some 
cases out-performing younger workers, de-
spite established age-related decline.  
With the exception of more traditional 
manufacturing technologies, flexible ways to 
support older workers may be developed 
through automated processes, however with 
the expansion of information technologies, 
many manufacturing workplaces are char-
acterised by greater cognitive demands. For 
this reason, age-related cognitive issues in 
manufacturing are addressed next in pro-
viding an understanding of the impacts on 
and of the future older workforce.   

 
Older workers: Cognitive issues in man-
ufacturing 

Cognitive human factors in manufac-
turing encompass perceptual (e.g. sensing, 
judging), conceptual (e.g. abstracting, calcu-
lating, inferring) and discretionary skills (e.g. 
decision making, independent action). In a 
similar way to motor skills, perceptual, con-
ceptual and discretionary skills can be classi-
fied across factors associated with machine 
tool operation [35]: 

• the monitoring of sounds, vibrations 
and other signals or judging surface 
finish, depth of cut, metal flaws, 
sharpness or cutting tool 

• understanding and translating ab-
stract, symbolic information in the 
form of drawings layouts, planning 
sheets, programmes 

• the decisions operators make about 
tool, speeds and feeds, sequence of 
operations or improvising. 

Cognitive human factors in manufac-
turing span perceptual skills involving touch, 
hearing and vision; perception, memory, 
judgements; and conceptual and discretionary 
skills involving spatial abilities, decision-
making and problem solving. Two nearly 
ubiquitous effects of the ageing process are a 
decreased function in hearing and vision. 
Older adults tend to suffer from moderate 
hearing loss with age with difficulties in hear-
ing higher frequencies and specific loss of 
auditory acuity in the normal speech range 
[43]. The ability to discriminate frequency 

deteriorates in a linear fashion between 25 to 
55 years of age, after which a greater differen-
tial is required especially for the higher fre-
quencies [44]. The effects of ageing on hear-
ing difficulties are reported to increase after 
55 years of age, and it is likely that traditional 
noise-polluted industrial environments (as 
often found in manufacturing) exacerbate this 
[38]. The process is affected by many factors 
such as work exposure, diet and genetic influ-
ences, but by the age of 50 years there is of-
ten sufficient loss of hearing to cause im-
pairment [44]. The context for speech inter-
pretation is important for older workers as 
cueing-in on information such as diagnostics 
evidence and interpreting verbal instructions 
are two important aspects of manufacturing 
process [45]. 

With regard to visual function, older 
adults often suffer declines in depth 
perception; static and dynamic acuity; light, 
contrast and glare sensitivity; size of useful 
field-of-view and speed of smooth pursuit 
eye movement [46]. Visual acuity (the ability 
of the eye to discriminate detail) is at its 
greatest in early teenage years and diminishes 
more rapidly after 50 years of age [47, 48]. 
Decreases in the elasticity of the lens lead to a 
reduction in the speed of accommodation 
and an average near point of 50cm for a 50 
year old compared to 12.5cm for a 30 year 
old [49]. The average 60 year old requires 
three times more light than the average 20 
year old to see the same level of detail [47]. 
Other research considers the interaction of 
visual attention and age highlighting three 
main categories; sustained, divided and 
selective attention tasks. Whilst differences in 
signal detection accuracy in age groups were 
found, no consistent age-by-vigilance 
decremental interaction with regard to 
sustained visual attention was reported [38]. 
However reported declines occur where 
attention is divided amongst tasks (such as 
monitoring more than one machine or 
several quality dimensions) in all but the 
simplest of tasks [50]. Likewise, evidence 
supports the observation that older people 
cope poorly with divided attention tasks 
however differences between younger and 
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older counterparts regarding selective visual 
attention were only found in uncertain or 
novel situations such as searching for quality 
defects or errors in the syntax of CNC 
programmes [51]. With regard to problem-
solving, there are general increases in capacity 
until the ages of 40 to 50 years, after which an 
experiential related decline occurs [52]. In 
relation to more modern manufacturing, 
there could be problems for older workers 
with increased use of CAD, virtual models, 
LCD and other display technologies espe-
cially where older workers have to use visual 
attention with a novel display [53]. 

Of particular importance to 
manufacturing, spatial ability is one of the 
mental processes that is especially sensitive to 
age [11]. In an investigation into the spatial 
abilities of older workers through the 
interpretation of orthographic drawings, 
older engineers performed significantly worse 
in the task compared to younger engineers 
[54]. There has been significant research relat-
ing to fundamental cognitive skills required 
for discretionary tasks, reporting that induc-
tive reasoning, numeric ability, word fluency 
and working memory decline with age [23]. 
Whilst spatial and verbal working memory 
are reported to account for the largest pro-
portion of age-related differences between 
older and younger people [55] working 
memory does not appear to decline in 
relation to storage capacity, but rather 
processing efficiency [52]. In a similar way to 
perceptual skills, the decline in abilities in-
volving divided and selective attention tasks 
appear to be exaggerated by abstract and 
novel situations and increasing task complex-
ity [23]. More specifically, older workers ap-
pear to have more problems following step-
by-step protocols (provided by instructors or 
in written instructions) than younger people 
although there seemed to be no significant 
difference in problem solving performance 
when an older worker was asked to call upon 
experience and familiarity [55]. 

Whilst changes in physical and mental 
function are inevitable, they do not neces-
sarily lead to reduced performance and pro-
ductivity in workers [11]. Older people 

maintain the ability to learn, with evidence 
of neural plasticity, however, the process 
takes more time, especially with complex 
material [56]. Learned skills such as 
vocabulary and language use are maintained 
unimpaired until late in life whereas skills 
that depend on rapid processing, accurate 
logical thought and spatial ability are 
markedly affected as people become older 
[47]. The wealth of knowledge and experi-
ence built up and possessed by older work-
ers over a number of years can offset some 
of the declines reported. This might be par-
ticularly important in modern distributed 
manufacturing networks, virtual manufac-
turing and supply chain integration, for in-
stance in terms of the importance of col-
laboration, co-operation and mutual under-
standing in collaborative engineering [57]. In 
some cases physiological or psychological 
shortcomings in older workers might be 
compensated by familiarity and experience, 
alongside other mediating factors such as 
assistive technologies, training and prior 
education, although these effects have rarely 
been formally investigated in the workplace. 

 
Discussion 

 
Physical and cognitive decline can vary 

greatly between individuals due to the hete-
rogeneous nature of aging itself and the mul-
titude of factors such as lifestyle, health, nu-
trition, individual differences, work and ex-
ercise [24]. This sets a challenge for equip-
ment, job and work organization design as 
there is no typical older worker to design 
for. What is needed is a clear approach (such 
as user-centered approaches adopted in hu-
man factors) to develop solutions that meet 
user needs. By comparing traditional and 
contemporary views, approaches to design-
ing the ergonomics of manufacturing sys-
tems can be examined in a structured fash-
ion to assist in understanding and designing 
for older work needs. 

A historical comparison of skills on 
the then new numerically controlled (NC) 
and conventional machines across six obser-
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vations [58] can still provide a basis for de-
veloping contemporary recommendations: 

• NC involves diminished operator activity 
and physical effort 

• NC involves fewer demands on motor 
skills, and a reduction in the associated 
perceptual demands related to precision 
and accuracy of movement 

• NC involves a change in perceptual de-
mands associated with vigilance and ma-
chine monitoring 

• NC reduces the amount of processing of 
symbolic information in the form of 
drawings and planning instructions, and 
the degree and extent of calculations and 
other conceptual demands 

• NC reduces the number of decisions an 
operator has to make 

• NC can see an overall reduction in skill 
demands, enabling an operator to con-
trol more than one machine.   

Whilst it might be assumed that NC dimin-
ishes activity and effort in manufacturing 
jobs in the physical sense, it is suggested that 
overall activity was probably increased [35]. 
Flexible ways to mechanise and automate 
many workstations may decrease challenges 
from the physically demanding working 
conditions of some manufacturing environ-
ments for the older workers [1]. With physi-
cal declines associated with older workers 
discussed previously, this would appear to 
be a positive factor for both the ageing 
worker and also the employing organisation 
from health and safety, performance, staff 
retention and business resilience perspec-
tives. However, whilst there may be some 
load reductions from motor skills and per-
ceptual demands, these are probably found 
in manufacturing environments where older 
workers might have problems of adapting to 
new technologies and interfaces [23].  

With respect to discretionary skills, re-
ducing the number of decisions older work-
ers may have to make is one solution [35]; 
however, the rise of advanced manufactur-
ing technologies and integrated control of 
the entire shop floor has placed new de-
mands on both workers and managers in 
areas such as sequencing and scheduling 

[59]. Despite scheduling operations being 
critical to maintaining overall manufacturing 
system performance, when compared with 
process control, far less research has been 
conducted in relation to cognitive ergo-
nomics in manufacturing although there has 
been more general research into issues asso-
ciated with local control for manufacturing 
and industrial workforces [59]. 

As operatives often work on more 
than one machine, this appears to support 
the final hypothesis. With the rise of indi-
vidually controlled CNC machines this has 
meant where an operator used to manually 
control machines, there are now there are 
many more situations where a single worker 
is responsible for an entire manufacturing 
cell. Whilst Davis [58] attributes the enabling 
of operators to control more than one ma-
chine as an overall skill demand reduction, 
the knock-on effect of mechanisation and 
automation for cognitive human factors 
must be appreciated [59]. With the changing 
nature of physical and cognitive human fac-
tors within manufacturing, it appears likely 
that the older worker will need to adapt to 
more technologically intense manufacturing 
environments in the future [23]. 

In order to understand the potential 
capabilities and limitations of older workers 
in a structured fashion, it is useful to return 
to the model of age, experience and work 
performance [7]. The original focus was on 
cognitive skills and the representation can be 
expanded to include physical attributes and 
cognitive skills (Fig. 2). 

 

 
 

Fig. 2: Cognitive skills, physical attributes, 
experience, and work performance 
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In this representation experience now 
offers potential mediation to physical 
attributes as well as cognitive skills and 
workers may be aware of their limitations 
and compensate for weaknesses so that 
overall performance is maintained. In the 
same way as age is assumed to have a 
negative impact on cognitive skills, it has a 
similar effect on physical attributes for the 
older worker. With the evidence reviewed, 
physical well-being tends to diminish after 
50 years of age with little scope for 
improvement. Building on the principles in 
the original representation, if experience is a 
limited resource it now forms the basis of a 
mutually exclusive relationship between 
cognitive skills and physical attributes, as 
well as work performance. This helps to 
focus future research efforts along with 
educating younger workers about the 
limitations of older workers as well as older 
workers themselves with regard to how 
different processes impact on their overall 
work performance. 

 
Conclusion 

 
This paper has explored demographic 

transition and physical and cognitive human 
factors of an ageing workforce in relation to 
manufacturing roles. Whilst general physical 
declines associated with age are well re-
searched, there is less literature on industrial 
workplaces. There would appear to potential 
to support physical decline in older workers 
within manufacturing jobs through increased 
mechanisation and automation; however, 
those factors associated with cognitive human 
factors however are less clear. Increased 
mechanisation and automation can place 
greater loads and demands on the older 
worker where cognitive decline is more subtle 
and varied between workers. Whilst negative 
correlations may exist between the cognitive, 
perceptual and conceptual characteristics of 
manufacturing jobs, evidence relating to dis-
cretionary skills is inconclusive as the wealth of 
knowledge and experience of older workers 
can offer a degree of compensation. With 
older workers set to comprise a greater pro-

portion of labor forces around the world and 
with managers seemingly unaware of the ur-
gency associated with the situation, E/HF is 
centrally concerned both with the impacts on 
people of work systems and also with the im-
pacts of people via their performance within 
the wider socio-technical system. From the 
historical and contemporary evidence 
reviewed, many aspects of manufacturing have 
changed little over the last century however 
with advanced manufacturing processes 
E/HF has an important contribution to make 
in and developing techniques and approaches 
to undertake user-centered (re)design of hard-
ware, software and socio-technical systems to 
support older workers’ needs.  
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