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£t.2020.19.2.003.00 Background The expectation is that in the future there will be a greater
number of older workers and that more of them will want to extend their work lives,
whether due to financial need or because of the value they place on being engaged in
the workforce. Research aim For many reasons, there is a strong possibility that older
individuals may be viewed as less desirable for employment. The goal of this paper is to
demonstrate ways in which older people can prove valuable in current and future job
roles. Methods Four topics will be examined from the standpoint of their implications
for the employability of older workers: the use of exoskeletons for aiding the work activi-
ties of older workers; the growing importance of teams in organizations; the importance
of experienced older workers as repositories of institutional knowledge; and the role of
older workers within the context of growing automation in the workplace. Results Chal-
lenges remain in determining the usability of exoskeletons for older adults within the
context of work operations. While concerns exist employing older people in teams or
collaborative arrangements with automation, the unique attributes of older workers may
also make them valuable assets in these roles. Older workers are essential to organiza-
tions for documenting and transferring critical organizational knowledge. Conclusions
The skills, abilities, and preferences within growing cohorts of older workers should be
capable of being accommodated within organizations, thereby supporting older worker,
organizational, and societal goals.
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INTRODUCTION

The topic of older workers is multifaceted and
being continuously shaped by the confluence of
economic, political, social, cultural, and techno-
logical considerations. The Center for Research
and Education on Aging and Technology En-
hancement (CREATE; www.create-center.org)
(Czaja, Sharit, Charness, Fisk, & Rogers, 2001),
in its commitment to addressing issues encom-
passing this topic, has sponsored two specialized
conferences on aging and work, firstin 2008 and
again in 2018, which served as forerunners, re-
spectively, to two edited books (Czaja & Sharit,
2009; Czaja, Sharit, & James, 2019).

In the relatively close span of time between
these two conferences one trend has remained
clear: in the future, we should expect not only
a greater number of older workers but also that
a greater percentage of them will want to work
longer. This circumstance is partly due to the ag-
ing of the population—the number of Americans
aged 65 and older is projected to nearly double
from 52 million in 2018 to 95 million by 2060,
and the 65-and-older age group’s share of the to-
tal population will rise from 16 percent to 23 per-
cent (Population Reference Bureau, 2019). Cor-
respondingly, by 2024 the growth rate of workers
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aged 65-74 and 75+ is expected to be about 55%
and 86%, respectively, far greater than the 5%
growth rate for the overall labor force (Toossi &
Torpey, 2017). Other industrialized nations are
seeing similar trends; in Japan and South Korea,
the workforce is aging even faster (Jong-Wha,
2018). Figure 1, which is based on a 2015 Gal-
lup survey, shows that 37% of nonretired Ameri-
cans expect to retire after age 65, up from 31%
in 2009 and nearly three times the 14% who
indicated this intention in 1995. Although 32%
expect to retire before age 65, which is the first
time this figure has topped 30% since 2009, it is
still down considerably from 49% in 1995.

WHY PEOPLE WANT TO WORK LONGER

There are many reasons why workers today de-
sire to work or earn income into their 70s and
even 80s. The corporate shift from defined-ben-
efit retirement plans, which guaranteed a steady
income following retirement, to defined-contri-
bution plans, which shifts the responsibility of
saving on workers, has left many older people
unable to leave work for financial reasons (Pur-
till, 2018). Many people in the U.S. cannot get by
with Social Security alone (Cahill & Quinn, 2019),
especially for those who claim their benefits be-
fore they turn 70. A much more volatile econom-
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At what age do you expect to retire?
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Figure 1. Expectations regarding when people believe they will retire. (Source: Rifkin, 2015)
ic climate, due in part to the dynamics of a global ~ at a job that’s become more physically taxing,

economy, can further contribute to apprehension  flexibility to accommodate other lifestyle changes
regarding leaving the workforce. For many wom-  or even contractual or freelance work. Various
en who deferred work opportunities or careersto  forms of technology have also lessened the bur-
raise children, they may only just be beginningto  den of commuting, which for many older workers
make an impact in their profession in their later ~ may have contributed to leaving the workforce.
fifties. Another factor is the increased life expec-
tancy across the industrialized world, which may  For the many older individuals who want to con-
translate into the belief that one has more years of ~ tinue working, whether in their current fields or
healthy life than ever before (Purtill, 2018). Some-  in new ones, the opportunities for employment
what ironically, longer life expectancies have also  will depend, as always, on the economic climate,
given rise to the need for more involvement by  although in some cases the education and skill
middle-aged and older workers in some form of  levels of these individuals will be a factor, im-
caregiving (Schulz, 2019), and thus the possible plying that job-training programs for seniors will
need for maintaining income later in their lives to be needed and should be made available (Hei-
sustain other family members. dkamp & Van Horn, 2019). According to a recent
report (Brandon, 2019), these future jobs include
People may also want to work longer or be reluc-  college instructors, administrative assistant roles,
tant to completely abandon their jobs because of ~ managerial positions, nurses and home health

the value they place on the intellectual and social ~  aides, real estate agents, sales jobs, driver jobs
stimulation that their jobs provide them or, in the  (at least in the near future), providing child care,
same vein, the psychological importance of feel-  financial managers and accountant services, writ-
ing relevant (Kanfer & Fletcher, 2019). As noted ing jobs, and engineering-related positions. Even
by Fasbender, Wang, Voltmer, and Deller (2015), in the industrial work sector, where the conven-

the motivation to remain engaged in work may  tional stereotype is that as workers age they be-
be important to older workers irrespective of their ~ come increasingly incapable of carrying out the
financial situations as it provides a sense of effi-  requisite manual work activities, there are vari-
cacy and identity. The desire for and importance  ous light industrial jobs whose energy expendi-
of socialization (Henderson, 2019) and engage-  ture and musculoskeletal demands are commen-
ment in productive work activities for preserving  surate with the abilities of many older adults, and
mental as well as physical health has also been  furthermore, offer the opportunity to exercise the
emphasized in various media and has contribut-  kinds of cognitive skills that are embraced by and
ed to making older workers more wary of abrupt ~ are well within the capabilities of older workers
transitions from work to retirement and interested ~ (Sharit, 2019). These jobs include automotive as-
in at least seeking various types of bridge arrange- ~ sembly, consumer electronic manufacturing, and
ments. That may mean part-time work, to allow  food production, and many of these types of jobs
for more free time with family or friends, less time ~ are likely to remain in high demand.
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Organizational and societal perspectives
Extending the work lives of their employees or
hiring older workers may also benefit organi-
zations. Research from the Milken Institute’s
Center for the Future of Aging and the Stanford
Center on Longevity (Carstensen & Irving, 2016)
found that older employees took fewer sick days,
showed stronger problem-solving skills, and
were more likely to be highly satisfied at work
than their younger colleagues. Also, there is
evidence that age diversity within teams is posi-
tively related to performance when teams are en-
gaged in complex decision-making tasks (SHRM
Foundation, 2019). The current emphasis in
many organizations on autonomy and self-regu-
lating workgroups (e.g., teams)—cornerstones of
socio-technical system design principles (Sharit,
2019)—is also consistent with the characteriza-
tion of many older workers as having greater
institutional knowledge and experience and bet-
ter mediation and communication skills, which
make them more likely to be stabilizing influenc-
es in various tasks. Organizations are also plac-
ing greater value on older workers’ institutional
knowledge and expertise, which is becoming a
scarcer resource in today’s employment climate
where younger workers choose to remain with
organizations for much shorter periods and in-
stead seek freelance or more variable work ex-
periences. This knowledge also positions older
workers to serve as mentors to younger employ-
ees (Hanson & Lesser, 2009).

From a societal standpoint, having more older
workers also reduces the strain on publicly fi-
nanced retirement and health benefit programs
and compensates for the fact that there are rela-
tively fewer younger adults who work and pay tax-
es. As older adults continue to work and remain
as taxpayers they are more likely to continue to
be engaged in the economy as consumers, which
benefits everyone. The benefits to the economy
of having healthier, productive people in older co-
horts were noted by Irving (2018), who indicated
that by 2020 the spending power of those aged 60
and older is expected to be $15 trillion annually.

One consideration that may make older work-
ers less attractive to employers is that employers
may prefer 'digital natives'—younger workers
who have grown up with technology and will
be able to use new systems with ease—as op-
posed to 'digital immigrants', who usually com-
prise older workers who came of age before the
internet (Beier, Torres, & Beal, 2019), and who
are assumed to be slow to adapt to technology,
reluctant to learn, and costly to train. It can be
argued, however, that as older adults are becom-
ing more educated, healthier, and active, and
generally receptive to using new technologies
(as corroborated by many CREATE studies), this
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tendency among employers is proving less val-
id (Czaja, 2019). Adopting e-learning and other
technology-based worker training approaches
that are tailored for older adults (Czaja & Sharit,
2012), with some reliance as well on younger col-
leagues for supporting training (Hanson & Lesser,
2009), can also mitigate many of these concerns.

Most importantly, to promote the employability
of older workers it is necessary to create and
maintain a culture that dispels (ageism) myths
(Froidevaux, Alterman, & Wang, 2019), spe-
cifically, that older workers are technophobic,
uninterested in learning, unable to learn new
skills, unreliable, worse performers than younger
workers, and more prone to absenteeism and
turnover. Several companies seem committed
to countering these myths and, in recognizing
the unique contributions of these workers, have
gone to considerable lengths to accommodate
them. Some classic case studies include BMW
(Champion, 2009), who retooled their produc-
tion facility by installing ergonomic seating and
softer floors, enlarging the type on the comput-
ers, and supplying more supportive work boots—
changes which were accompanied by increased
productivity and decreased absenteeism. Anoth-
er example is Alexandria Industries in Minnesota
(DePass, 2017), where manufacturers have in-
stalled ergonomic seats in trucks and redesigned
assembly lines to avoid repetitive motion injuries.

OVERVIEW OF THE PAPER

In this paper, consistent with the underlying
theme of CREATE, the focus will be on a sub-
set of aging and work issues that are linked to
technology, and which can have important im-
plications for future tasks and the employability
of older workers. First, the potential role of exo-
skeletons for aiding the manual work activities of
older workers will be examined. Next, the grow-
ing importance of teams in organizations and the
value to organizations of having older workers on
these teams will be discussed. The importance
of experienced older workers as repositories of
institutional knowledge and their roles in dis-
seminating and preserving this knowledge within
organizations will then be reviewed. Finally, the
role of older workers within the context of grow-
ing automation in the workplace will be consid-
ered. Ultimately, the objective is to better under-
stand how the skills, abilities, and preferences of
older workers can be reconciled with the current
and future objectives and practices of organiza-
tions to ensure the successful attainment of older
worker, organizational, and societal goals.

EXOSKELETONS

Despite the large variability among older adults

in physical capabilities, physical decline is a hall-

mark of aging. Significant declines with aging can
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Older workers

Figure 2. Picture of the spring-based, passive hip actuator on the SPEXOR exoskeleton prototype
(Source: Néf et al., 2018, written informed consent was obtained from the participant by Naf et al. to
publish this picture). The right side illustrates the coil spring, which is compressed during hip flexion.
(Source: Toxiri et al., 2019.)
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occur in the capacity for energy expenditure, the
capability for generating muscular forces needed
for dynamic lifting and carrying tasks, sustaining
static loads, flexibility in movement (which can
be critical for avoiding injury), joint mobility, and
more generally, in resilience to activities that de-
mand fatigue-inducing postures or repetitive mo-
tions (Kramarow, Lentzer, Rooks, Weeks, & Say-
dah, 1999; Kroemer, 2007, 2009).

Exoskeletons are wearable devices which are ca-
pable of offering people additional support and
strength through the generation of forces and tor-
ques on one or more of their joints to assist them
in the execution of physical activities. Thus, they
can potentially benefit older workers who want to
(or must) perform manual work activities at mod-

Figure 3. Picture of the parallel-elastic actuator
on the Robo-Mate active trunk. The spring is im-
plemented with a bungee cord and acts in paral-
lel to a gear motor, hidden by the black cover in
this picture. (Source: Toxiri, Calanca, Ortiz, Fior-
ini, & Caldwell, 2018.)
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erate to heavy intensities, especially those activi-
ties that cannot easily be automated. However, to
understand the potential benefit of exoskeletons
for older workers it is essential that these devices
be examined more carefully; as noted by Toxiri
et al. (2019), while exoskeletons may reduce the
physical workload on workers, they may be im-
practical or infeasible in some circumstances.

Generally, an exoskeleton generates assistive
forces or torques employing either passive com-
ponents (e.g., compact rotational springs or elas-
tic bands), which can store or dissipate energy
provided by the user (Figure 2), or powered ac-
tuators, (e.g., electric motors), which can intro-
duce additional energy from external sources
(e.g., batteries) on-demand (Figure 3). Another
distinction between existing exoskeletons is the
direction of the assistive forces (e.g., of forces
contributing to back extension or hip extension),
which are either parallel or perpendicular to the
body segments. In assisting with low-back ex-
tension, a force parallel to the spine also con-
tributes to unwanted compression on the in-
tervertebral discs in the lower back, whereas a
perpendicular force does not have this drawback
(Abdoli-E, Stevenson, Reid, & Bryant, 2007). The
occurrence of parallel forces is characteristic of
soft exoskeletons, also known as exosuits, which
do not have rigid structures. Instead, they consist
of garments worn on body segments (adjacent to
the joint that is assisted) that are used to pull two
body segments together, typically via a cable or
(elastic) straps or bands that are situated close to
the user’s body (Lamers, Yang, & Zelik, 2017).

In contrast, rigid exoskeletons are constructed
with rigid frames that connect actuators to gar-
Vol. 19, No 2



ments worn by the user and tend to use space
lateral to the user’s body. These rigid frames run
in parallel with body segments and apply forces
perpendicular to these segments (e.g., the trunk
and thighs). Most rigid exoskeletons support
back extension by pulling the upper torso back-
wards via backpack-like shoulder straps. Exo-
skeletons can also be constructed that combine
soft and rigid components, and thus may be able
to exploit the advantages of each of these types
of exoskeletons. For example, carbon fiber rods
can be used which act both as force generators
as well as structures to transfer forces between
the user’s pelvis and torso (Toxiri et al, 2019).

Despite the advantages related to spinal loading
associated with rigid components in exoskel-
etons, the coupling of these devices with human
joints can produce kinematic incompatibility
arising from misalignment between the artifi-
cial (exoskeleton) and corresponding anatomical
joints, and subsequently forces that can contrib-
ute to discomfort. Designs of articulated compo-
nents that minimize these effects are thus critical.
Another issue with exoskeletons comprised of
rigid structures is that the assistive forces exerted
on the torso and legs can result in a reaction
force on the user’s pelvis, lower back, or abdo-
men (Lamers et al., 2017).

Active exoskeletons also require some type of
control strategy that can adapt the device’s assis-
tive action into user intent. Examples of control
strategies include using measurements from the
device or the environment; information such as
electromyography that is captured from the user;
or a control interface that requires explicit input
from the user (Chen, Grazi, Lanotte, Vitiello, &
Crea, 2018; Toxiri et al., 2019), all of which carry
their own set of problems. Fully passive exoskel-
etons have no means of autonomous adaptation
to user intent during operation, although some
may have manual switches or regulators to en-
able adjustment of their characteristics.

Toxiri et al. (2019) suggest using passive exo-
skeletons for tasks requiring light to moderate
assistance, such as holding stooped postures or
handling light loads, and active exoskeletons to
assist with demanding and dynamic tasks, such as
handling heavier loads. Although soft back-sup-
port exoskeletons are currently not as common
as rigid ones, they offer the advantage of possi-
bly being more lightweight and capable of being
worn underneath working clothes, and by offer-
ing less hindrance to a movement they may be
more acceptable to older workers. However, such
exoskeletons, as emphasized earlier, also provide
lesser reductions of biomechanical joint loading.
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Challenges for Older Workers in Using Exoskel-
etons

Despite the various opportunities for application
of exoskeletons, for example, in industry, reha-
bilitation, the military, and in supporting older
adults in activities of daily living (Shore, Power,
De Eyton, & O’Sullivan, 2018), user perspectives
of exoskeleton technology have been minimal.
In fact, Hill et al. (2017) noted that there is no 'lit-
erary' evidence of user involvement in the devel-
opment or design of exoskeletons. It is thus not
surprising, especially given the numerous design
considerations associated with exoskeletons, that
usability studies (e.g., Power, Hartigan, Ortiz, &
O’Sullivan, 2019) and development of standards
and regulations to support the use of exoskele-
tons in the workplace (Lowe, Billotte, & Peterson,
2019) are only just beginning to emerge. Assess-
ing exoskeleton usability, however, may be es-
pecially challenging for older users as there is a
need to pay particular attention to issues such
as minimizing the risk of falls (when wearing an
exoskeleton), comfort in use, and ease of putting
on and taking off the device (Wolff, Parker, Bori-
soff, Mortenson, & Mattie, 2014).

In this regard, both soft (passive) and rigid (ac-
tive) exoskeletons may be problematic for older
workers. While soft exoskeletons can contribute
to unwanted compression to what already may
be fragile intervertebral discs, rigid exoskeletons
can contribute to discomfort due to misalignment
between artificial and corresponding anatomical
joints. Moreover, the actuators (e.g., motors or
springs) of both active and passive exoskeletons
tend to be relatively large, which can increase
their lateral footprint and possibly more adverse-
ly restrict the older user’s ability to maneuver the
workplace environment effectively. With active
exoskeletons, increasing their power generally
makes their mass heavier and their control more
challenging, which may be a serious constraint
for many older users in terms of comfort, safety,
and efficiency, and thus a factor in their accept-
ance of these devices.

Minimizing unnecessary constraints and dis-
comfort is likely to be especially important for
older exoskeleton users, suggesting the need for
designs that do not hinder movement in differ-
ent planes or induce feelings of restriction. Thus,
careful consideration needs to be given to design
details which ensure: attachments (e.g., braces)
which connect exoskeleton elements to cor-
responding human limbs distribute forces in a
manner that minimizes discomfort (e.g., pressure
on the chest and thighs); materials do not pro-
mote excessive heat production during sustained
use; the exoskeleton can be put on and removed
quickly, easily, and autonomously; manual ad-
justments to accommodate users of different
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body dimensions can be made easily; control
strategies implemented through sensor informa-
tion can distinguish between different activities
as a basis for the exoskeleton's provision of as-
sistance; the sensors are not obtrusive but rather
integrated into the exoskeleton; and the user’s
perception of the instantiation of control strate-
gies is smooth and intuitive and does not induce
excessive cognitive load.

Examples of the use of exoskeletons for work
operations

To date, several experimental and less formal field
studies involving the use of exoskeletons in work
settings have been initiated. For example, Ford is
investing in the (non-powered) EksoVest, a pas-
sive exoskeleton that supports factory employees'
upper bodies to ease strain when lifting and per-
forming overhead tasks, which some Ford em-
ployees, including older employees, perform up
to 4,600 times per day (Chow 2017; Hard, 2017).
The EksoVest is currently being tested in two U.S.
factories as part of a pilot program, with plans
to expand the program to European and South
American sites. Lowe’s, which is the second-
largest chain of home improvement stores in the
U.S., is exploring the use of an exoskeleton that
combines soft and rigid components in a pilot
program at one of its stores (Murphy, 2017). This
exoskeleton is intended to help workers offset
some of the strain on their muscles and joints
as they pick up and move heavy and awkward
items (e.g., bags of cement or paint buckets). An-
other example of the usefulness of exoskeletons
for work operations comes from a Japanese haul-
ing company (Tatsumi Shokai Logistics). This
company has invested in an exoskeleton that as-
sists many of their older employees in their fre-
quent loading, unloading, carrying, and bending
tasks (Financial Tribune, 2016), thereby enabling
them to keep working as efficiently as they can
for as long as possible. However, much work
remains ahead before principles and guidelines
can be established that are directed at making
exoskeleton designs compatible with older work-
ers’ needs, preferences, and work operations, as
well as for educating organizations on issues that
may need to be considered for the realization of
these devices for their older workers.

TEAMWORK AND OLDER WORKERS

Organizations rely on teams of workers to solve
difficult problems or carry out challenging pro-
jects (Smyer & Pitt-Catsouphes, 2009), and this
tendency is likely to become even more pro-
nounced with the availability of powerful tech-
nologies for facilitating communication and the
pooling of team members’ knowledge bases. As-
suming that older adults are generally more ma-
ture and possess better mediation and commu-
nication skills than younger adults, and are also
2020
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in a better position to leverage domain expertise
to exploit the collaborative benefits of teamwork,
it would appear that the aging of the workforce
could turn out to be a boon for many organiza-
tions that rely on teams. However, there are vari-
ous aspects to teamwork that could argue both
for and against its suitability for older workers.
For example, increasingly prevalent teamwork
applications such as Slack (that centralize chat,
group, and private discussion channels, and
allow controlled information sharing) require
technological literacy. This could not only influ-
ence the selection of workers who will comprise
a team, but also the attitudes of younger team
members who may believe that their older coun-
terparts are not adequately skilled.

Technology skills supporting teamwork activities
may become even more vital in virtual teams,
which consist of individuals who work across
time, space, and organizational boundaries with
links dependent on communication technology.
Workers comprising virtual teams demand per-
sonal flexibility and tend to be more productive
due to less commuting and travel time, factors
which may be appealing to older workers. How-
ever, virtual team members also demand increas-
ing technological sophistication (Ferrazi, 2014),
especially in the face of growing inter-organiza-
tional cooperation. They must also be adaptive
and resilient to a changing variety of tasks and
responsibilities, and because virtual teams will be
expected to be able to repeatedly change mem-
bership without losing productivity there will be
less time available for team members to learn
how to work together. The ability to adapt to
such changes, however, is not an attribute most
managers typically associate with older workers
(Sharit, Czaja, Hernandez, & Nair, 2009);

According to Hedge, Borman, & Lammlein
(2006) even conventional teamwork demands
may be stressful to older workers, with age-
related cognitive processing declines (Park et
al.,, 2002) a possible factor contributing to this
situation. In a scheme developed by Kozlowski
and llgen (2006), team processes were classified
into three major categories: cognitive, affective/
motivational, and behavioral. Using this scheme,
Smyer and Pitt-Catsouphes (2009) highlighted
key themes to illustrate how age might affect
team functioning. Of note here is the cognitive
category, which considers a team member’s
team mental models and transactive memory.
Team mental models refer to representations
of knowledge that are common to the team
members, whereas transactive memory refers
to knowledge regarding how information is dis-
tributed among the team members (i.e., knowl-
edge of who knows what). Taken together, these
cognitive structures enable team members to
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organize and acquire information necessary to
anticipate and execute actions, but may be ad-
versely impacted by normal age-related declines
in cognitive processing and thereby place older
workers at a disadvantage, especially in team
leadership roles.

A more recent perspective on teamwork and
older workers was considered by Paoletti, Gil-
berto, Beier, & Salas (2019), who cite evidence
that teams with a higher average age report bet-
ter production quality, fewer sick occasions, and
lower team burnout (Gellert & Kuipers, 2008), as
well as evidence which indicated no relation-
ship between team age diversity and perfor-
mance outcomes (Joshi & Roh, 2009). They also
call attention to the construct 'need for cogni-
tion', defined as the extent to which the team
enjoys being thoughtful versus taking cognitive
short-cuts, which could be critical for team per-
formance, and refer to evidence that high need
for cognition benefits team performance in age-
diverse teams whereas low need for cognition
has the opposite effect. These effects may be
mediated partly through team communication:
teams with a higher need for cognition tend to
communicate more (Kearney, Gebert, & Voelpel,
2009). Together with evidence that older work-
ers are perceived by managers as having better
oral (and written) communication skills than
younger workers (Sharit et al., 2009), these find-
ings suggest that including older individuals on
teams could prove beneficial to organizations by
promoting a culture of thinking through and dis-
cussing problems and tasks, rather than one that
welcomes swifter processing of information.

Age-diverse teams, however, may harbor under-
lying concerns by the younger team members
regarding older team members’ commitment to
team success and their ability to make positive
contributions to team performance. For exam-
ple, a common negative aging stereotype is that
learning ability declines with aging, a perceived
shortcoming that Paoletti et al. (2019) note is re-
garded within an organizational context as a defi-
ciency in the ability for older workers to develop
new skills. However, as pointed out by Charness
(2019), the knowledge that generally increases as
we age and effective training and well-designed
technology tools can counter these concerns.
Nonetheless, it may be worthwhile for organi-
zations that rely on age-diverse teams to more
formally consider ways to prepare older workers
for the dynamics and unique challenges that they
may confront as members of such teams.

Perhaps most importantly, older workers are
more likely to have accumulated significant
work experiences that uniquely shape their job-
related knowledge and skills and have a greater
2020
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understanding about what constitutes successful
work behaviors, which they can use to improve
team functioning. Thus, they can draw from their
existing knowledge (e.g., of successful organiza-
tional strategies) and utilize existing mental mod-
els to position themselves in ways that lead to
improved team coordination and reduced team
stress, and thereby greater team success. Indeed,
it is the unique organizational knowledge, in-
cluding technical and strategic knowledge, and
experience of older workers that make them in-
valuable assets to many organizations, especially
in climates of shorter tenures among younger
workers, and opens the door for the possibility
of exploiting new work opportunities for older
workers as discussed in the next section.

DOCUMENTING AND TRANSFERRING INSTITUTIONAL
KNOWLEDGE FROM OLDER WORKERS
The unique institutional knowledge and exper-
tise possessed by many experienced older work-
ers are essential for enabling organizations to re-
main productive (Beier et al., 2019). It is thus no
surprise that the immense value of older workers’
expertise has management professionals con-
cerned about the 'lost knowledge' that would
result from the mass-exodus of retirement-aged
employees (Hirsch, 2017, Smyer & Pitt-Cat-
souphes, 2009). The Society of Human Resource
Management (SHRM) has urged HR profession-
als and managers to commit resources to retain
seasoned employees to avert having a significant
amount of technical job knowledge leaving with
retirees, and for more emphasis to be placed on
strategies that facilitate knowledge transfer from
older, experienced employees to younger, less
experienced employees (Beier et al., 2019; Paul-
lin, 2014). This should also benefit older workers
as it provides a unique opportunity for them to
remain productively engaged—that is, to have a
sense of purpose at work (Calvo et al., 2009) by
'mattering' to the organization.
There are several types of knowledge that an
employee may possess within an organization
(Froidevaux et al., 2019; Peterson & Spiker, 2005)
which can become lost when that employee
leaves the organization. These include explicit
knowledge, which is the knowledge that is easily
expressed such as a simple rule governing op-
erations or transactions; tacit knowledge, which
is the knowledge that is known by the individ-
ual but may be difficult to express, for example,
knowledge underlying highly learned procedural
skills such as controlling an industrial process;
intellectual knowledge, which is knowledge
encompassing more refined facts and concepts
about various kinds of subject matter; and social
knowledge, which is knowledge about interper-
sonal relationships and access to social networks,
for example, knowledge about dealing with dif-
Vol. 19, No 2



ficult people or handling difficult situations.

Mentoring

Perhaps the most fundamental and familiar ap-
proach to implementing a knowledge transfer
process is through mentoring of younger em-
ployees (Hanson & Lesser, 2009; Froidevaux et
al., 2019). SHRM considers mentoring an effi-
cient way to transfer tacit organizational knowl-
edge between employees and cites practices
embraced by NASA who uses a phased retire-
ment plan (Miller, 2017) that is coupled with on-
the-job mentoring and information exchange be-
tween the outgoing employee and their protégés
(Hirsch, 2017). Moreover, in a study by Taneva,
Arnold, and Nicolson (2016), the opportunity to
mentor and transfer knowledge was considered
by older workers as the desired form of organiza-
tional support, presumably by enabling them to
perceive value and meaningfulness in their work.
This type of knowledge transfer by older work-
ers, perhaps as mediated through technologies
and strategies discussed in the ensuing sections,
can also be part of a reciprocal cycle whereby
younger workers, in turn, provide technical
knowledge and support (in a relaxed informal
environment) that can help their older counter-
parts attain work-related goals (Hanson & Lesser,
2009). The intergenerational exchanges of infor-
mation underlying mentoring-based knowledge
transfer can also serve to promote lesser preju-
dice among younger employees toward working
with older workers; this, in turn, could prompt a
positive cycle of knowledge transfer and thus a
continuation of the knowledge-transfer process
(Froidevaux et al., 2019).

It should be noted, however, that only those
positions within an organization that have the
potential to impact organizational performance
should be considered for this (or any) knowl-
edge transfer process. Moreover, the decision of
where the knowledge transfer is most needed
within an organization will likely depend on
various factors including the knowledge level of
the individual, the degree to which work opera-
tions are anticipated to become automated, and
whether a suitable successor is available.

Task and cognitive task analysis to support
knowledge transfer

Task analysis (TA) is a method for providing a
breakdown of the physical and cognitive activi-
ties by an individual or team that are necessary
for meeting task or operational goals (Hollnagel,
2006), and thus can be used to inform less knowl-
edgeable employees about aspects of the job that
may be difficult to capture and communicate in
other knowledge transfer processes (e.g., mentor-
ing). For example, using TA the skilled or experi-
enced employee may be able to point out where,
2020
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when, and why the worker may be receiving
information that is not sufficiently salient, clear,
complete, and interpretable; at which work steps
the system operation would allow errors from
previous task steps to be corrected or recovered;
what knowledge is needed to perform the requi-
site operations in various situations; or if there are
ergonomic issues which could interfere with the
successful execution of tasks.

In a type of TA method referred to as hierarchical
task analysis (HTA), operational goals are exam-
ined in terms of their subordinate goals and their
accompanying plans; these plans, in turn, define
the sequence of steps needed to accomplish each
of those goals (Shepherd, 2000). When used in
conjunction with a modified hazard analysis and
quality improvement technique known as failure
modes and effects analysis, HTA is capable of
more concisely identifying the challenges associ-
ated with the various task elements (Fisk, Rogers,
Charness, Czaja, & Sharit, 2009; Sharit, Hernan-
dez, Nair, Kuhn, & Czaja, 2011).

Cognitive task analysis (CTA), a variant of TA,
was developed for obtaining more insight into
the knowledge and thought processes (and thus
tacit knowledge) that underlie observable task
performance. An example of a CTA method is
ACTA (Applied Cognitive Task Analysis) devel-
oped by Militello and Hutton (1998). ACTA relies
on subject-matter experts (SMEs) and consists of
three complementary techniques: the task dia-
gram (the SME highlights the difficult cognitive
aspects of the task); the knowledge audit (the
SME describes how domain knowledge or skill is
used in actual experiences); and the simulation
interview (a challenging scenario is presented to
the SME who, in response to probes of events
within the scenario, provides situation assess-
ments, actions, critical cues, and potential errors).
In using a method such as ACTA as a knowledge
transfer tool within an organization, experienced
older workers can assume the role of SMEs.

TA and CTA can be intensive to perform as these
methods may rely on the complementary appli-
cation of various data collection methods (e.g.,
videos, audiotapes, verbal protocols or 'think
aloud' techniques, and simulation exercises).
However, they can expose the kinds of tacit
knowledge details that more conventional ap-
proaches to knowledge transfer are incapable of
identifying and thus serve as vehicles for explicit
documentation of deeper institutional knowl-
edge and expertise.

Knowledge engineering

Knowledge engineering refers to a set of meth-
ods usually directed at obtaining explicit and
intellectual knowledge from one or more ex-
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perts, as well as representing and validating that
knowledge, to build artificial (software) systems,
notably expert systems (ESs), that emulate the
reasoning and behavior of human experts in a
given field of expertise (Kendal & Creen, 2007;
Lehto, Boose, Sharit, & Salvendy, 1992). ESs can
span different degrees of complexity, from tasks
based on relatively straightforward chaining of
rules to those based on more complex knowl-
edge structures that may allow for deeper rea-
soning. They can also provide answers in a con-
sulting type of role, for example, in aiding work-
ers’ fault diagnosis activities. Toward this end,
experienced older workers can serve important
roles in organizations not only as possessors of
the necessary knowledge base needed for pro-
grammers to construct ESs, but also to verify the
results of these programs.

Another knowledge-based system that can be
used for capturing institutional knowledge has
been referred to as case-based reasoning (Kolod-
ner, 1993). In this approach, new problems are
solved based on computer storage of informa-
tion associated with similar past problems or
cases' which are 'matched' to the new problems.
Using their accumulated knowledge and expe-
rience, older workers can serve important roles
in helping programmers within organizations de-
velop case-based systems through their under-
standing of the relevant information associated
with past problems, and their ability to recognize
the similarities in patterns between newer and
older problem contexts.

Simulation of work processes

Simulations allow capturing the deeper con-
texts—including relevant perceptual and cogni-
tive elements—associated with work scenarios,
and consequently are the reason why they are
the basis for training workers to perform an array
of complex operations across a wide variety of
circumstances. Simulations of operational sce-
narios can be instantiated in many ways: high-fi-
delity simulators can be built to mimic real-world
physical and cognitive operational environments
(e.g., flight or nuclear power plant simulators);
simpler computer-graphic driven simulations
can be used to train workers to control various
industrial processes; and video-based demon-
strations of interactions between people, such as
healthcare or financial workers, can be used to
illustrate proper communication or interpersonal
behaviors (i.e., social knowledge).

Older workers can make use of their experiences
and knowledge when collaborating with technol-
ogy-skilled employees within their organization
to build or verify these types of simulations. Fur-
thermore, because these simulations embody im-
portant knowledge, institutional knowledge and
2020

expertise can be captured, preserved, and even
used as a basis for training. For example, in hos-
pital settings, older healthcare workers can help
shape the development of videos designed to sim-
ulate various activities, such as handoffs between
medical providers across shifts. In this case, the
simulations can focus on the implications of insuf-
ficient or inappropriate querying of the provider
who is being relieved, the implications of inter-
ruptions occurring during this process, and other
scenarios that can have important patient safety
implications. In the domain of financial services,
various concerns raised by clients along with
appropriate responses, both to the client’s prob-
lem and behaviors, can be simulated. Ultimately,
these simulations can become a core element of
an organization’s institutional knowledge, and be-
cause they provide a visual reconstruction of sce-
narios of different degrees of breadth and depth,
they are much more efficient and instructive than
traditional knowledge transfer processes, such as
procedure manuals (Froidevaux et al., 2019), for
future employees to learn from.

OLDER WORKER COLLABORATION WITH AUTOMATION
Technologies such as advanced sensors, robotic
devices, and artificial (machine) intelligence pro-
vide the potential for many work activities to be
automated. Although the proportion of occupa-
tions that can be fully automated currently is
relatively small, it has been estimated that about
60% of all occupations have at least 30% of their
activities that are technically automatable, and in
two decades 50% of all of today’s work activities
may be able to be automated (Beier et al., 2019;
Manyika, 2017).

While predictions regarding the extent and pace
of advances in artificial intelligence, as well as
the impact of such advances on the work sec-
tor, are subject to some degree of speculation,
in the upcoming decades technological innova-
tions will likely redefine many jobs performed
by people. Organizations will need to adapt by
allocating functions to their workers and intelli-
gent machines in ways that exploit the unique
capabilities of people and automation and that
also maximize their joint information process-
ing, decision making, and control behaviors
(Hollnagel & Woods, 2005; Sharit, 1997). These
kinds of partnerships imply the possible need for
new collaborative communication protocols to
ensure that people and intelligent machines are
aware of and understand each other’s intentions
and actions. In cases where people and auto-
mation are not explicitly working jointly but the
worker is primarily responsible for monitoring
the automation, requisite knowledge regarding
when and how to intervene and possibly assume
control from automation may be needed.
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An argument against employing older workers
in such collaborative arrangements is that these
work roles imply large demands on cognitive
abilities known to exhibit age-related declines
(Park et al., 2002). Specifically, these cognitive
abilities would be needed to support informa-
tion-processing activities directed at tracking the
system’s operations and status; monitoring what
the automation is doing and planning to do;
building and 'running' mental models to explain
the behaviors of these intelligent agents; and co-
ordinating one’s assessments with those of intel-
ligent machine partners.

However, there is also the possibility of benefits
associated with integrating older workers with
automation. The proliferation of automation in
many jobs may increase the potential for gener-
ating more meaningful work by replacing routine
or repetitive tasks, which could allow workers to
focus on those tasks which utilize creative and
affective processes (Manyika, 2017). For exam-
ple, in industrial process control operations ex-
perienced older workers may be able to place
more emphasis on situational awareness to an-
ticipate future problems, and on ways to improve
system processes, often by working jointly with
intelligent systems to augment their knowledge
and experience-based capabilities (Sharit, 2019).
Another important consideration is that for fa-
miliar work activities, and particularly those for
which the older worker has an extensive knowl-
edge base, declines in cognitive abilities may be
compensated by job-related or domain knowl-
edge that the older worker has available.

Warr (1994, 2000) has suggested that for differ-
ent types of jobs, age and experience could inter-
act in unique ways that could explain or predict
why one generally does not find negative age-
performance relationships. Whereas placing older
workers in jobs that require very rapid processing
of continuously changing information is likely to
result in age-related performance declines, in the
absence of severe or even moderate time pres-
sure, and where the knowledge-based judgment
or skilled activities are required, these negative
relationships should not be apparent (Warr, 1994).

Generally, as more procedural or predictable
tasks become handled by smart machines, hu-
mans will become more responsible for tasks
that require perceptual/attention skills in moni-
toring work processes; diagnostic/inferential
skills for interpreting intelligent machine-based
information; judgement and decision-making
skills for handling exceptions and anomalies;

and communication skills for coordination in
distributed decision environments (Sharit, 2019).
These activities entail the skills and abilities that
knowledgeable and experienced older workers
should possess. Experienced older workers who
are part of the transition of work process changes
moving in the direction of automation may even
be more advantageous to the organization than
younger, more technically savvy workers as the
older worker may have a better understanding of
what the automation needs to accomplish and
better instincts regarding the reliability and ef-
fectiveness of the automation.

CONCLUSIONS

The aging of the population is fueling the increas-
ing percentage of older workers comprising the
workforce, and economic, societal, and other
forces are dictating changes in attitudes that are
driving a larger percentage of these older work-
ers to extend their work lives. At the same time,
organizations are placing greater emphasis on
teamwork, preserving institutional knowledge,
and artificial intelligence systems, which are
contributing to changes in the very nature of
human work and organizational enterprises. As
a consequence, many older workers may have
to redefine themselves. While older workers
will likely always face some degree of opposi-
tion from employers who embrace stereotypical
myths which, in the context of the workplace,
translate into workers who are less physically
capable, motivated, productive, healthy, train-
able, adaptable to workplace changes, willing
to collaborate with younger team members, and
skilled with technology, as argued in this paper
the changes gradually unfolding in workplaces
and organizations may also open the door to
new opportunities for many of these workers.
Not only may they be able to exploit technology
that enables them to perform demanding physi-
cal activities later into their work lives, but their
experience, knowledge, and dispositions may
make them valuable assets in organizations as
critical players on intergenerational teams, pos-
sessors and conveyers of explicit, tacit, intel-
lectual, and social institutional knowledge that,
through various technologies, can be captured
and transferred, and even have advantages un-
der certain conditions when working jointly
with automation. Time will tell if and how these
new' older worker roles become established in
organizations and the extent to which stereotypi-
cal myths that might be embraced by employers
serve to oppose the transition of older workers
into these new roles.
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