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Abstract: Workplace digitalization created a sea change in work practices and it altered the situation of older workers.
Digitalization entails the increased use of digital technologies, such as computers and online services. Older workers
often possess limited digital skills, which may put their labor market participation at risk. Previous studies began
exploring how older workers fare when their workplaces are digitalizing. However, the research field is still emerging
and remains fragmented. This article comprises a systematic literature review that takes inventory of what we currently
know about older workers in digitalizing workplaces. It demonstrates that older workers experience the digitalization of
their workplaces in various areas, reaching from health monitoring to work arrangements. Interestingly, challenges
and opportunities emerge in each area affected. This Janus-faced situation underlines the complexity of consequences,
and it raises questions about social inequalities in these consequences. The work environment plays a crucial role in
shaping how older workers experience workplace digitalization. It shapes which options for adaptation they have, and
to which degree they can act on these options. This circumstance makes workplaces an excellent starting point for
interventions. Country-characteristics likewise exert an influence. While characteristics such as retirement regulations
are purposefully modified for intervention, other characteristics, such as culture, are not. This circumstance limits
governmental options for shaping the situation of older workers in digitalizing workplaces. Future research should
further explore the situation of older workers in digitalizing workplaces, paying special attention to the theoretical
framework and to developments in the wake of the COVID-19 pandemic.

Keywords: Digitalization, Automation, Computer, Older Workers, Old Age

Introduction

igitalization has generated a sea change in contemporary societies. Digitalization

denotes the increased use of digital technologies, such as computers, smart phones,

online services, and artificial intelligence (Elia, Margherita, and Passiante 2020;
Denner, Puschel, and Roglinger 2018). It does not just drive economic change and growth; it
also deeply affects our everyday lives, including how we work and communicate with others
(Beringer and Sixsmith 2013; Gilleard and Higgs 2008). For example, work meetings
increasingly take place as video conferences, and some jobs have been entirely replaced by
computers and robots (Kodema 2020; Kurer and Gallego 2019). These developments highlight
the fact that many workplaces are in the process of digitalizing, and that they are changing
markedly during this process. The Organisation for Economic Co-operation and Development
(OECD 2019) has even suggested that workplace digitalization has now progressed so far that
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in order to fully participate in the labor market one now needs to have digital skills. The Nordic
countries and New Zealand are at the forefront of this development, whereas other countries, in
particular those in Latin America and Eastern Europe, lag behind (OECD 2019). To give some
impression of the diffusion: within Europe, a continent with huge disparities in digitalization,
more than 90 per cent of workplaces already make use of computers and broadband technology
(European Commission 2016).

One particularly critical effect of the digitalization of work is its impact on extended
working lives. Extended working lives have been at the center of political discussions for the
past several decades. They denote a workforce participation that lasts until a later age. Such an
extended working life is deemed necessary because of population aging, which is currently
occurring around the globe (United Nations 2019). Population aging reduces the size of the
workforce and puts financial pressure on pension schemes. Policymakers seek to counter these
effects through extended working lives. This can be achieved in several ways: by preventing
individuals from leaving the workforce early, by raising the state pension age, and by
encouraging retirees to work while receiving pension benefits (Phillipson 2019; Van Yperen
and Wortler 2017). Because of the wide range of strategies, the age groups targeted also range
widely from individuals in their 40s and 50s who are still working, via those in their 60s
approaching the state pension age, to those in their 70s who have already retired (Phillipson
2019; Harris et al. 2018). Digitalization may affect this goal of extending working lives.

Older workers are often assumed to possess limited digital competence because they grew up
without the internet and technological devices such as computers, cellular phones and tablets
(OECD 2019). Empirical studies have found that older workers indeed are less likely than younger
workers to employ Information and Communication Technologies (ICT) in their jobs (Schleife
2006). According to a Dutch study, older workers also use less complicated applications and
encounter more difficulties compared to younger workers (De Koning and Gelderblom 2006).
Therefore, many older workers are in need of re-training in digital tasks to avoid unemployment
and inadvertent early retirement (Lee, Czaja, and Sarit 2008). This need intensified during the
COVID-19 pandemic, when work was further digitalized to enable home offices. Yet, the practice
of working in a home office also increased older workers’ digital skills (Pit et al. 2021). Thus,
older individuals nowadays need to be digitally skilled to adapt to extended working lives (Nagel
2020). Without digital skills, extended working lives may not be viable.

At the same time, digitalization may benefit those older workers who have digital skills.
Digital technologies can lighten the workload of older workers, for example, by making their
work tasks less physically demanding and by allowing them to work from home instead of
travelling (Dropkin et al. 2016). Moreover, digital work technologies can help older workers to
monitor and manage their health, for example by reminding them when to take breaks from
work (Nagarajan and Sixsmith 2021). These effects may increase the productivity of older
workers, making it easier for them to remain in the workforce (Lee, Song, and Kwak 2020).
Thus, digitalization may help older workers to extend their working lives.

Previous research has demonstrated that there exist both obstructive and supportive effects
of digitalization on older workers. It also showed that these effects may come about through
numerous mechanisms, making them complex and diverse (Nagarajan and Sixsmith 2021:
Dropkin et al. 2016). The complexity further increases because the effects differ across
individuals, workplaces, and countries (Nagarajan and Sixsmith 2021; Lee, Song, and Kwak
2020; Van Dalen, Henkens, and Schippers 2009). Differences across individuals arise along
educational levels and generational memberships, among other things (Peng, Anwar, and Kang
2017; Gilleard and Higgs 2008). They align with well-known social inequalities that shape the
lives of older workers and influence their life situations and opportunities (Komp-Leukkunen
2019). Differences across workplaces and countries arise because the lives of older workers are
shaped by the social contexts in which they are embedded. The social context denotes the
institutions, expectations, rules and norms that surround us (Hendricks 2012). It influences how
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the digitalization of work takes shape and the various ways in which older workers react to it.
Countries form part of the social context in that they provide the framework for our everyday
lives. Workplaces are part of the social context because they constitute part of the work
environment. While workplaces denote the locations and infrastructures of work, work
environments additionally encompass social interactions and relationships (Al-Khawaja and
Langston 2018; Stansfeld and Candy 2006). Thus, both work environments and countries are
part of the social context surrounding older workers in digitalizing workplaces. Therefore, their
characteristics influence how older workers fare when their workplaces are digitalizing.
Consequently, we need a detail-oriented assessment to understand these complex and diverse
mechanisms of how older workers manage in digitalizing workplaces.

A detail-oriented assessment of older workers in digitalizing workplaces is particularly
important because this research field is still emerging. There remains a limited number of
studies on the topic, theories and concepts are still being developed, and the empirical landscape
is still being drawn. A detail-oriented assessment of our state of knowledge may help us better
understand the situation of older workers in the digitalizing workplace, and it may help
researchers decide how this research field can best be further developed. The present study
provides such an assessment.

This study then assesses how older workers fare in digitalizing workplaces. To do this, it
conducts a systematic literature review, meaning a review that explores previous research in a
structured and purposeful way. In doing so, it answers three research questions: (1) How do
older workers experience the digitalization of their workplaces? (2) How does the work
environment matter for older workers in digitalizing workplaces? and (3), How do country
characteristics shape the situation of older workers in digitalizing workplaces?

Material and Methods

This article maps the field of research on older workers in digitalizing workplaces through a
systematic literature review: a structured, analytical means of gaining an overview of a research
field (Shaffril, Samsuddin, and Samah 2021). By methodically choosing, analyzing, and
documenting relevant literature, this approach answers predefined questions in a way that
outlines the extant content and amount of knowledge (Petticrew and Roberts 2008). This quality
makes it particularly suitable for emerging research fields like this one that focuses on older
workers in digitalizing workplaces.

As a first step, the project team initially assembled the scientific literature they were
already aware of on the topic. This step rendered fourteen texts. Then, they collected additional
literature through a search on Google Scholar, using all possible combinations of terms for (a)
older workers, and (b) the digitalization of workplaces. The terms for older workers used were
“older worker*,” “older employee*,” “senior worker*,” “senior employee*,” “elderly worker*,”
“elderly employee*,” and “work in old age”. The terms for the digitalization of workplaces used
were “digital* AND work*,” “digitize* AND work*,” “automation AND work*,” “Industry 4.0
AND work*,” “technology AND work*,” “computer AND work*,” “ICT AND work*.” The
identified texts were saved, with duplications and improperly identified search results being
discarded. This search rendered fifty-nine additional texts. The team subsequently reviewed the
texts collected thus far and conducted an additional search for relevant texts that (a) were
written by experts they had identified, (b) were referenced in the texts they had found, or (¢)
mentioned additional search terms they had identified in the texts we had found. The new
search terms used were “blended work,” “home office AND COVID,” and “techno* AND
ageism.” This final step rendered eighteen more texts, resulting in a total of ninety-one texts.
The article collection took place between March and November 2021.

Next, the research team selected which texts to include in the analysis. The primary
criterion here was peer-reviewed journal articles published in English in order to capture the
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current international scientific debate on the topic. Additionally, the texts were required to have
older workers in digitalizing workplaces as their main topics or as one of their main topics to
ensure they contained circumspect and in-depth analyses of the topic. The team assessed the
texts collected according to these criteria by reading the entire texts. For quality assurance, two
researchers carried out an assessment independent of one another. They then compared their
results, finding an interrater reliability of 76 percent. Subsequently, they discussed the texts they
had disagreed on. The consensus was to select forty-one articles for the analysis. The selection
was discussed in the entire research team and one further article was selected, bringing the
sample up to forty-two articles. The selected articles are listed in Supplementary Table 1.

In the last step, the texts were analyzed. The analysis started out with the project team
reviewing the entire body of literature to gain an overview of the state of knowledge. This
review occurred in three groups of three to four persons each, with each group focusing on one
research question. The groups identified the main themes discussed. Afterwards the themes
were discussed in the entire project team for quality control and to reduce overlaps. Next, the
groups coded the relevant texts for each topic, meaning that the central findings were listed and
the number of texts mentioning them was counted. Afterwards the coding was discussed in the
entire project team and modifications were made where necessary to avoid overlaps and to
ensure a coherent level of abstraction and the consideration of all aspects. The following pages
outline the findings.

How Older Workers Experience the Digitalization of their Workplaces

Twenty-two of the articles analyzed discuss how older workers experience the digitalization of
their workplaces. This number indicates that slightly more than half of the articles focus on this
topic. The articles investigated the older workers’ experiences across five domains: health,
accessibility, and safety; productivity; job resources and interpersonal relations; work-related
demands; and work participation. Table 1 provides an overview of which articles focus on each
of the domains.

Table 1: How Older Workers Experience the Digitalization of their Workplaces

Experience References

Hudomiet and Willis 2021; Nagarajan and Sixsmith 2021; Oksa et al.

Health, accessibility, |05 1. "pi¢ ot a1, 2021: Segkouli et al. 2021; Tams et al. 2021; Van

and safety Yperen and Wortler 2017; Damman 2016; Dropkin et al. 2016
Hudomiet and Willis 2021; Nagarajan and Sixsmith 2021; Oksa et al.
.. 2021; Mauno et al. 2019; Soja and Soja 2019; Van Yperen and
Productivity

Wortler 2017; Sharit et al. 2009; Lawhon, Ennis, and Lawhon 1996;
Staufer 1992

Oksa et al. 2021; Segkouli et al. 2021; Greenan and Messe 2018; Van
Yperen and Wortler 2017; Dropkin et al. 2016; Zhan 2016;
Sharit et al. 2009

Job resources and
interpersonal relations

Oksa et al. 2021; Segkouli et al. 2021; Van Yperen and Wortler 2017;

Work-related demands Damman 2016; Dropkin et al. 2016; Zhan 2016; Sharit et al. 2009

Alcover et al. 2021; Hudomiet and Willis 2021; Tams et al. 2021;
Mauno et al. 2019; Greenan and Messe 2018; Behaghel, Caroli, and
Roger 2014; Brooke 2009; Lee, Czaja, and Sarit 2008; Magnani 2006;
Friedberg 2003

Work participation

Source: Komp-Leukkune et al.

40




KOMP-LEUKKUNEN ET AL.: OLDER WORKERS IN DIGITALIZING WORKPLACES

Health, Accessibility, and Safety

Ten articles document how older workers experience the digitalization of work in relation to
health, accessibility, and safety. The use of digital technologies has reduced the physical
demands of work (e.g., lifting, carrying, pulling) (Hudomiet and Willis 2021) and can thereby
enable older workers to participate in the workforce until a later age. Remote work
arrangements, which are typically mediated by the use of digital technologies, can support the
workforce participation of older workers with mobility problems (Damman 2016) and reduce
fatigue and work-related stress (Dropkin et al. 2016). However, remote working can lead to
musculoskeletal problems resulting from poor ergonomic design of remote office spaces (Van
Yperen and Wortler 2017; Dropkin et al. 2016), and the use of digital technologies at work is
associated with sleep problems and technostress (Oksa et al. 2021; Tams et al. 2021). Moreover,
digital solutions can improve workplace safety and accessibility and support older workers’
health through personalized ergonomics, personalized workstations, and monitoring (Nagarajan
and Sixsmith 2021; Pit et al. 2021; Segkouli et al. 2021). Enhanced ergonomics and
workstations can accommodate physical problems and improve the overall accessibility of
workplaces. Monitoring through pervasive technologies allows identifying health risks,
preventing accidents, detecting work-related stress, measuring fatigue, and improving
performance visibility. Despite these benefits, privacy and invasion concerns are raised by
Segkouli et al. (2021) who emphasize the need for an ethics framework in smart workplaces in
order to define the practices of data monitoring, tracking, and processing.

Productivity

The impact of digital technologies on older workers’ productivity is unclear. Eight articles
explore this, reaching contradictory conclusions. On the one hand, Van Yperen and Wortler
(2017) report that older workers who use technologies at work need less effort and time to fulfil
job tasks. Both Lawhon, Ennis, and Lawhon (1996) and Nagarajan and Sixsmith (2021) suggest
that the use of digital technologies can improve productivity among older workers. Similarly,
Oksa et al. (2021) describe that the use of professional social media at work can have a positive
impact on an individual’s sense of competence and autonomy. On the other hand, older workers
face challenges with respect to productivity in digitalized workplaces. They report work
intensification, high time pressure, increased cognitive demands, and intensified skill- and
knowledge-related learning demands (Hudomiet and Willis 2021; Soja and Soja 2020; Mauno
et al. 2019; Staufer 1992). Regarding alternative work arrangements, Sharit et al. (2009)
illustrate how home-office settings can lead to either experiencing fewer distractions and
improved concentration, or the opposite, with possible impacts on productivity.

Job Resources and Interpersonal Relations

Eight articles address the domain “job resources and interpersonal relations.” Most of these
studies focus on the use of digital technologies for remote work arrangements and their impact
on job resources and interpersonal relations. On the one hand, digital-based communications
can support a sense of community irrespective of the physical location of the worker and
increase a feeling of competence and autonomy (Oksa et al. 2021). Also, they can reduce age
discrimination and stigmatization due to the physical separation from the workplace (Dropkin et
al. 2016). On the other hand, they can stimulate the creation of in-groups, marginalization of
remote workers, workplace cyberbullying, and organizational detachment (Oksa et al. 2021;
Dropkin et al. 2016). Furthermore, they can lessen the access to job resources, like incidental
learning (Sharit et al. 2008), and the opportunities for training and mentoring other employees
(Greenan and Messe 2018). Finally, they can lead to loneliness and frustration due to physical
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separation from the workplace and from other employees (Segkouli et al. 2021; Van Yperen and
Wortler 2017; Dropkin et al. 2016; Zhan 2016).

Work-related Demands

Seven articles deal with changes in work-related demands due to the digitalization of work,
mainly in the context of remote work arrangements. Remote work arrangements such as home
office and blended work create the possibility of doing work both on-site and off-site, making
work independent of time and location. Several studies report that home-office or blended work
can reduce work-related demands, such as commuting, travel, and work speed, among older
workers (Van Yperen and Wortler 2017; Damman 2016; Dropkin et al. 2016; Zhan, 2016; Sharit
et al. 2009), and lessen the exposure to stressors such as working from unfavorite places, noisy or
overcrowded spaces (Van Yperen and Wortler 2017; Zhan 2016). Zhan (2016) uses the job
demands-resources model for explaining the expected positive outcomes of blended work among
older workers. Such positive outcomes would result from a reduction in job demands and an
increase in job resources. Being able to perform tasks from a distance can also support a better
work-life balance, for example, by having more time to spend with family and friends, to
volunteer, and to provide informal care (Van Yperen and Wortler 2017; Damman 2016; Dropkin
et al. 2016; Zhan 2016; Sharit et al. 2009). The latter advantage is particularly important for
women, who are the main care providers within families (Damman 2016). However, older
workers who work from home can experience unclear boundaries between their private and
professional lives (Oksa et al. 2021; Segkouli et al. 2021; Dropkin et al. 2016). Moreover, such
work arrangements can cause additional expenses for equipment, faster internet connection, or
adequate office furniture, which may not be provided by the employer (Dropkin et al. 2016).

Work Participation

Based on a study of US workplaces in the 1984-2017 period, Hudomiet and Willis (2021)
conclude that older age groups were slower to start using computers and their skills more often
became obsolete in a computerized environment. For these reasons, computerization of the
workplaces had clear negative effects on the wages of older workers compared to younger
workers. Women were particularly affected because of the lack of on-the-job training, and
office workers were particularly affected because their jobs could be replaced by computers.
Furthermore, Behaghel, Caroli, and Roger (2014) find that the adoption of technological and
organizational innovations decreased firms’ demand for older workers, whereas Greenan and
Messe (2018) argue that companies’ introduction of new ICT and management tools reduced
the use of workers above the age of 45 as internal mentors, thereby weakening their role as
knowledge and experience transmitters in the workplace. Previous research also points toward
older workers being more susceptible to negative consequences of work intensification and job
demands due to technological advances (Tams et al. 2021; Mauno et al. 2019). Those older
workers with lower educational levels were particularly affected (Alcover et al. 2021; Hudomiet
and Willis 2021; Lee, Czaja, and Sarit 2008; Friedberg 2003). Alcover et al. (2021) introduce
the Aging-and-Tech Job Vulnerability framework to describe the combined effect of age and
digitalization of work on older workers’ work participation and job quality. However, Brooke
(2009) and Magnani (2006) document differences across labor market sectors, thereby
reminding us to use caution in statements about the situation of older workers. For example, the
IT sector seems particularly incompatible with extended careers because of the speed of change
and the constant need for new skills in the sector (Brooke 2009).
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How the Work Environment Matters for Older Workers in Digitalizing
Workplaces

Half of the articles discussed in this review address how the work environment may matter for
older workers in workplaces undergoing digitalization. Four issues appear as particularly
important: employers’ attitudes toward older workers’ digital competences; possibilities for
teleworking or blended working; the implementation of new ICT in the workplace; and the
training opportunities for older workers to increase their digital skills. Table 2 shows which
articles touched upon these topics.

Table 2: How the Work Environment Matters for Older Workers in Digitalizing Workplaces

Work Environment References

Attitudes toward older | Van Selm and Van den Heijkant 2021; Harris et al. 2018; Solem
workers’ digital skills |2016; Sharit et al. 2009; Van Dalen, Henkens, and Schippers 2009

Teleworking/blended |Van Yperen and Wortler 2017; Damman 2016; Dropkin et al. 2016;

work Zhan 2016; Sharit et al. 2009
Implementation of new | Segkouli et al. 2021; Soja and Soja 2020; Mantzana, Themistocleous
technologies and Morabito 2010; Morris and Venkatesh 2000; Staufer 1992

Training opportunities |Greenan and Messe 2018; Van Dalen, Henkens, Wang 2015;
Behaghel, Caroli and Roger 2014; Lee, Czaja, and Sarit 2008; De
Koning and Gelderblom 2006; Magnani 2006; Morris and Venkatesh
2000; Bartel and Sicherman 1993; Staufer 1992

Source: Komp-Leukkunen et al.

Attitudes toward Older Workers’ Digital Skills

Five studies focus on attitudes among employers and managers that are related to older
workers’ digital competences. One is a scoping review (Harris et al. 2018); one is a cross-
national comparison (including Greece, Spain, the Netherlands and the United Kingdom) (Van
Dalen, Henkens, and Schippers 2009); and three are country-specific studies (United States
(Sharit et al. 2009), the Netherlands (Van Selm and Van den Heijkant 2021), and Norway
(Solem 2016)). A consistent finding across these publications is the general assumption of a
decreased capacity to use new (digital) technology with increasing age.

Among the studies included in the scoping review on ageism by Harris et al. (2018), eight
identified a perception of older workers’ lack of technological proficiency. Such an attitude is
quite evident in the cross-national study of employers in four European countries conducted by
Van Dalen, Henkens and Schippers (2009). They find that almost half of the respondents
expected a decrease in the enthusiasm for new technology to take place with an aging personnel
structure in their company. In line with this finding is a perception of older workers’ limited
technological competence. When asked about employees’ capacity to deal with new technology,
the employers clearly favored younger workers (under 35 years of age) over older workers
(aged 50 and above) (Van Dalen, Henkens, and Schippers 2009). A similar pattern is reported
by Sharit et al. (2009), who find that only three per cent of the managers in their survey
believed that older workers fare better than younger in technological skill, whereas 71 percent
thought the contrary. Furthermore, Van Selm and Van den Heijkant (2021) conducted expert
interviews with HR professionals and recruiters in the Netherlands, which revealed a picture of
older workers being less technologically savvy compared to younger age groups. Finally, in the
study based on Norwegian survey data, managers expressed rather positive conceptions of older
workers” work performance in general, but when it came to their digital capacities, only three
out of ten disagreed with the statement that employees above 50 years of age are less able than
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younger employees to cope with data and PC. Furthermore, 62 percent reported on experiences
of younger workers being preferred over older workers when new technology or new working
methods were introduced (Solem 2016).

Positive descriptions of older workers typically include characteristics such as high
reliability and trustworthiness, and a strong commitment to the job. On these attributes, older
workers score considerably higher than younger age groups (Sharit et al. 2009; Van Dalen,
Henkens, and Schippers 2009). According to Sharit et al. (2009), older workers are also viewed
as having a strong ability to work independently. Consequently, they are assumed to be well
suited for telework, a type of job arrangement that some organizations offer to their employees
(Sharit et al. 2009).

Telework/Blended Work

The increasing use of ICT in workplaces enables telework or blended work. Four of the articles
discuss how blended work arrangements are likely to impact on older workers, largely deeming
the greater flexibility to be particularly suitable for older workers and therefore increasing their
opportunity to remain employed for longer (Van Yperen and Wortler 2017; Damman 2016;
Dropkin et al. 2016; Zhan 2016). This point is also an important takeaway from the article by
Sharit et al. (2009) on the employability of older workers as teleworkers.

In their conceptual review article, Dropkin et al. (2016) list several potential benefits of
blended work for older workers, among them increased autonomy, decreased psychosocial
stress, lower exposure to travel and improved work-life balance. Van Yperen and Wortler
(2017) refer to research where older workers are found to have more need for autonomy and
less for structure compared to younger workers, and to more often experience health and
mobility limitations or have a partner with such challenges, all of which could make the option
of working from home attractive. Blended work practices can also more easily facilitate a
gradual retirement process and represent a bridge from traditional employment to retirement
(Van Yperen and Wortler 2017; Damman 2016; Zhan 2016).

On the other hand, there are risks associated with blended work that may be more
pronounced for older workers, for example, psychological distress due to higher demands for
multitasking and issues with work-family boundaries and role conflict (Dropkin et al. 2016).
Finally, older workers may face barriers to blended work. Dropkin et al. (2016), Van Yperen
and Wortler (2017) and Sharit et al. (2009) all emphasize how older workers may be at a
disadvantage due to a lack of skills and experience with ICT, and less interest from employers
in investing in appropriate equipment or ICT training activities directed at their age group.

Implementation of New Technologies

How new technologies are introduced or implemented in the workplace is addressed in five of
the reviewed studies. Two publications emphasize older workers’ autonomy in the
implementation process as particularly important (Segkouli et al. 2021; Staufer 1992).
Similarly, Morris and Venkatesh (2000) underline the importance of perceived behavioral
control for older workers. Autonomy may support workers’ involvement in the implementation
process and help the individual worker regulate the progression according to their needs and
potential. This is exemplified by Staufer (1992). Based on in-depth interviews with employees,
supervisors, and managers in Germany, he stresses the importance of giving older employees
the opportunity to identify their own needs and suggest improvements when new technology is
implemented, in order to feel a sense of control in the process and to avoid the perception of
technological changes as threatening. Segkouli et al. (2021) elaborates on the need for workers’
autonomy and privacy, and for the employers to secure transparency, trustworthiness,
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accountability, as well as for ethical decision-making and human-centered data management in
the implementation of digital workplace technologies.

A further recommendation is provided by Soja and Soja (2020). Drawing on data from
Poland, they suggest the value of age-balanced team building, and age-adjusted change
management in implementation processes. In addition, they emphasize the advantage of
utilizing the competencies of older workers in processes of ICT changes. Finally, Mantzana,
Themistocleous, and Morabito (2010) point to the importance of well-managed training
processes when new ICT systems are implemented, which brings us to the fourth work
environment issue: the training opportunities of older workers.

Training Opportunities

The opportunities for older workers to participate in training have been found to be rather
restricted in general (Van Dalen, Henkens, and Wang 2015). This also seems to hold for training
aimed at increasing digital skills, an issue addressed in eight publications in the present review.

Although technological changes should imply a greater need for training, Magnani (2006)
reveal that in Australian workplaces, the training opportunities of workers aged 55 and older
were significantly reduced in industries undergoing technological change. Such a practice may
be considered unfortunate as older workers may gain significant benefits from job training. For
example, according to Bartel and Sicherman (1993), workers in US industries with high rates of
technological change retire later if the changes are accompanied with high rates of on-the-job
training. Another example is the French study by Greenan and Messe (2018), who show that the
probability of being an internal mentor after age 45 was higher for employees who had
participated in training concerning the use of new ICT tools compared to non-participants.
Behaghel, Caroli, and Roger (2014), also based on data from France, conclude that training
tends to offset the negative effects of introducing new ICT work practices on older workers.
However, it offers only limited prospects to enhance older workers’ employability. Hence, the
authors suggest that increasing the employability cannot rely entirely on training. One option is
to allow older workers more time to adjust to new technology and working methods. In fact,
Morris and Venkatesh (2000) argue that training programs should be tailored for different age
groups because their needs differ. For older workers, they suggest starting the learning process
with what they call “technology familiarization” in order to help the workers to become more
comfortable with the process, and to reduce any possible anxiety about the new technology. De
Koning and Gelderblom (2006) suggest that learning by doing might be quite effective for older
workers, and perhaps more effective than formal training courses. This is in line with the work
of Staufer (1992), who argues that the best way for older employees is to engage in learning at
their workplace, a familiar space in which they are less likely to feel anxious, and more likely to
obtain knowledge and competence. Finally, findings from a qualitative study by Lee, Czaja, and
Sarit (2008) among older unemployed persons who wish to return to work suggest that
technology training programs for older individuals with low ICT skills should allow for a group
format where learning experiences can be shared, where there is access to ample feedback, and
where it is possible to engage in hands-on learning activities.

How Country Characteristics Shape the Situation of Older Workers in
Digitalizing Workplaces

Twelve of the articles analyzed document and explain how country-differences shape the
situation of older workers in digitalizing workplaces. Table 3 provides an overview of the main
arguments used. It shows that the arguments center on the country-wide use of digital
technologies, training programs, labor market structures, culture, welfare policies, and
governmental responses to the COVID-19 pandemic.
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Table 3: How Country Characteristics Shape the Situation of
Older Workers in Digitalizing Workplaces

Country Differences References

Country-wide use of ICT | Battisti and Gravina, 2021; Grigoli, Koczan and Topalova 2022;
Lee, Song, and Kwak 2020; Peng, Anwar, and Kang 2017;
Dropkin et al. 2016

Governmental policies and | Nagarajan and Sixsmith 2021; Peng, Anwar, and Kang 2017,
programs for computer | Dropkin et al. 2016
training in old age

Labor market structure Grigoli, Koczan and Topalova 2022; Peng, Anwar, and Kang
2017; Van Dalen, Henkens, and Wang, 2015; Marshall 2011; Van
Dalen, Henkens, and Schippers 2009; Malul 2009

Country-specific culture Fischer et al. 2021; Dropkin et al. 2016; Van Dalen, Henkens, and
Wang 2015; Van Dalen, Henkens, and Schippers 2009

Welfare policies Fischer et al. 2021; Grigoli, Koczan and Topalova 2022; Dropkin
et al. 2016; Van Dalen, Henkens, and Wang, 2015; Malul 2009;
Van Dalen, Henkens, and Schippers, 2009

Governmental policies for |Pit et al. 2021
the COVID-19 pandemic

Source: Komp-Leukkunen et al.

Country-wide Use of ICT

A first argument ties country differences in the situation of older workers in digitalizing
workplaces to country differences in digital technology use (Battisti and Gravina 2021; Peng,
Anwar, and Kang 2017). Grigoli, Koczan and Topalova (2022) studied twenty-three advanced
economies from around the world, concluding that automation displaces older workers,
particularly men, in routine-task occupations. The higher the degree of automation in a country,
the higher the displacement. Peng, Anwar, and Kang (2017) counter that digital technologies
can increase the productivity of older workers, especially for those who have low education.
Such a development maintains the employability of older workers. Lee, Song, and Kwak (2020)
consider this suggestion, arguing that it allows older workers to remain in the workforce until a
later age. They find such an effect holds true for low-educated older workers in Japan and
Korea, but for higher-educated older individuals in Japan only. This finding underlines that the
effect of digital technologies interacts with country-specific educational structures. Dropkin et
al. (2016) point out that in the United States some governmental subsidies can be used to build
up a digital infrastructure if this benefits older workers. This insight suggests that the effects of
digitalization unfold in connection with country-specific governmental support programs.

Governmental Policies and Programs for Computer Training in Old Age

The positive effects of automation on workforce participation in old age hinge on older workers
knowing how to use digital technologies. The second argument focuses on this circumstance.
Nagarajan and Sixsmith (2021) argue that digital training programs for older individuals, as
they are offered by the government agencies “Employment and Social Development Canada”
and the “Australian Human Rights Commission,” can create such knowledge. Peng, Anwar, and
Kang (2017) underline that governments, especially, can create such training programs through
public sector investments. Consequently, country differences would emerge along the public
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sector investment profiles. Dropkin et al. (2016) add that in the United States, not only
government entities, but also nonprofit organizations play a role in providing such services.

Labor Market Structures

A third argument discusses labor market characteristics, which are mentioned by half of the
studies exploring country differences. Marshall (2011) argues that according to life-course
theory, the labor market should be considered influential. Life-course theory explores how
human lives progress over time. According to the theory, the social context gives lives a
structure that is specific to their place. When social contexts differ, then so do the structures of
the life-courses. Malul (2009) specifies that the labor market situation is influential because
older workers consider this situation when deciding whether or not to receive digital training
and whether or not to remain in the workforce. Van Dalen, Henkens, and Schippers (2009) add
that the influence of labor market structures also unfolds because policymakers and employers
consider these structures when deciding on how to handle older workers. Countries with high
unemployment rates, such as Greece and Spain, facilitate older workers’ exit from the
workforce. In contrast, countries with low unemployment rates or labor shortages facilitate
older workers’ training and retention. Examples of such countries are the United Kingdom and
the Netherlands. Van Dalen, Henkens, and Wang (2015) reaffirm this observation.

Various other characteristics of the labor market likewise exert an influence. Grigoli,
Koczan, and Topalova (2022) and Van Dalen, Henkens, and Schippers (2009) underline that the
predominant industries play a role, with a strong service sector keeping older workers in the
workforce. In contrast, strong labor unions, strong collective agreements, seniority-based
wages, and high employer contributions to social insurance may lead older workers to leave the
workforce. Peng, Anwar, and Kang (2017) report the general trend of labor markets in Nordic
and Continental Europe as being more regulated than those in the Mediterranean and Anglo-
Saxon countries. The higher the level of regulation, the higher the older workers’ earnings. In
addition, all these country characteristics enter the considerations of older workers, employers,
and governments when deciding on how to handle digital training in old age and the importance
of keeping older workers in digitalizing workplaces.

Country-specific Culture

However, labor market structures do not shape the situation of older workers in digitalizing
workplaces all by themselves. Instead, they are embedded in country-specific cultures, as the
fourth argument underlines. Culture shapes the perceptions of old age and of older workers’
skills (Fischer et al., 2021; Van Dalen, Henkens, and Wang, 2015; Van Dalen, Henkens, and
Schippers, 2009). Van Dalen, Henkens and Schippers (2009) reveal country differences in
employers’ assessments of older workers’ technology skills, with Dutch employers having the
most pessimistic, British employers the most positive, and Greek and Spanish employers having
an intermediate assessment of these skills. Van Dalen, Henkens, and Wang (2015) explain that
the assessments may be partly influenced by previous country-specific policies and practices
that still linger in the back of the employers’ minds. To solve this problem, Dropkin et al.
(2016) suggest that governments inform employers and other stakeholders about new insights
from research, practices and success stories. Such information may correct misconceptions and
shift assessments, thereby increasing the possibilities for older workers to remain in digitalizing
workplaces.

Welfare Policies
A fifth argument sets the focus on welfare policies. Two studies used the concept of welfare

regimes to capture the differences in labor markets and cultures. Welfare regimes are ideal types
of welfare states, a concept which Van Dalen, Henkens, and Schippers (2009) find useful
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because it captures culture as well as welfare provision. Fischer et al. (2021) add that it is also
associated with how care services are provided. However, despite the suggested usefulness for
understanding how older workers fare in digitalizing workplaces, this has not yet been studied.
Future research still needs to explore the extent to which welfare regimes can explain country
differences in the situation of older workers in digitalizing workplaces. Previous research took
the alternative approach of focusing on individual governmental policies.

Retirement regulations are the welfare policies most often discussed in the articles we
analyzed. Four out of the twelve articles exploring country difference mentioned them. Grigoli,
Koczan, and Topalova (2022) even consider them to be one of the main influences on the
situation of older workers. The logic is simple: the easier these regulations make an exit from
the workforce, the easier can older workers avoid dealing with the challenges of digitalizing
workplaces (Dropkin et al., 2016). An exit from the workforce is easy if the state retirement age
is low and pension benefits are high (Grigoli, Koczan, and Topalova 2022). Yet, Van Dalen,
Henkens, and Wang (2009) and Van Dalen, Henkens, and Schippers (2015) point out that,
across Europe, early retirement options have been tightened and state pension ages have been
increased in recent years. As a result, older workers have fewer and fewer options for avoiding
the challenges of digitalization. Dropkin et al. (2016) even go so far as to suggest that in the
United States, retirement regulations should be further tightened to keep even more older
workers in the workforce. Such a strategy would force older workers and their employers to
find a solution to the challenges of digitalizing workplaces. In such a situation, the American
“Age Discrimination in Employment Act” and the “Americans with Disabilities Act” may
necessitate work in old age to become more digitalized. The digitalization could allow for older
workers with medical conditions or disabilities to continue to carry out their work tasks, for
example by working from home using digital technologies.

Other welfare policies receive less attention. Grigoli, Koczan, and Topalova (2022)
underline the importance of unemployment policies. They boil down country differences to the
question of whether governments favor generous unemployment schemes or Active Labor
Market Policies, which strive to reintegrate the unemployed into the labor market. Generous
unemployment schemes incentivize older workers to forgo training programs and wait out any
workplace challenges. In contrast, Active Labor Market Policies encourage older workers to
upskill and remain integrated within the labor market. Going a step further, some studies
suggested that governments should intervene directly in digitalizing workplaces to improve the
situation of older workers. Malul (2009) analyzed data from Israel, arriving at the conclusion
that an employer subsidy would be beneficial. Such a subsidy would compensate employers of
older workers with lower productivity due to lacking technological skills. It would also even out
the costs of lost productivity, thereby keeping the older workers attractive to their employers.
Dropkin et al. (2016) agree with this suggestion. Moreover, they added that employers who
train their older workers in digital tasks should receive tax credits.

Governmental Policies for the COVID-19 Pandemic

The sixth argument considers policies dealing with the COVID-19 pandemic that started in
2019. This pandemic was triggered by the spread of the coronavirus across the globe. Many
workers had to switch to home office as a safety measure, which was decreed by governments
or suggested by their employers. Home office means that individuals carry out their work tasks
within their own homes, usually by means of digital technologies. The rapid digitalization of
work tasks in the wake of the COVID-19 pandemic raised concerns about the situation of older
individuals. How would they carry out their work tasks when digitalization suddenly became
necessary and mandatory? While it is still too early to answer this question, we already now
know that governments reacted differently to this challenge, thereby creating additional country
differences at this historical point in time. Some governments, such as the Australian and the
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Thai, promoted online businesses. Thus, the starting point of their solution strategy was to focus
on the companies and, thereby, on the workplaces. The same governments, as well as the
Austrian, Israeli, South Korean, and the US, supported education and training. Thus, they tried
to enhance the skill levels of older workers, making it easier for them to navigate digitalization
at work (Pit et al. 2021). These country differences in the governmental reaction to the COVID-
19 pandemic will translate into new country differences in how older workers fare in
digitalizing workplaces.

Discussion and Conclusion

The digitalization of work is progressing, and it progressed dramatically in the wake of the
COVID-19 pandemic. The situation of older workers in digitalizing workplaces is of particular
concern because digitalization and the push for extended working lives may interact.
Digitalization may force older workers into retirement, thereby counteracting the goal of
extending working lives. However, if digital skills are successfully acquired, digitalization may
then assist older workers in their tasks, thereby allowing them to prolong their working lives.
This study outlines the different effects of digitalization on older workers, paying attention to
the influences of workplaces and countries.

The first research question asked how older workers experience the digitalization of their
workplaces. Previous research documented myriad experiences, ranging from those concerning
health and safety, productivity, via job resources and interpersonal relations, to work-related
demands, work arrangements and work participation (Hudomiet and Willis 2021; Segkouli et al.
2021; Van Yperen and Wortler 2017; Dropkin et al. 2016). Interestingly, in each of these areas the
older workers experience challenges as well as opportunities. This Janus-faced situation shows
that the impact of workplace digitalization on older workers is not clear cut. Instead, it may
generate both, opportunities and challenges, for older workers at the same time. In some cases,
older workers simultaneously experience opportunities and challenges. However, in other cases,
social inequalities emerge, with some groups of older workers benefiting from the opportunities
while other groups primarily encounter the challenges. Only a handful of previous studies touched
upon this topic (e.g., Peng, Anwar, and Kang 2017; Damman 2016; Dropkin et al. 2016; Brooke
2009). Considering the extant heterogeneity among older workers, it would be beneficial if future
research determined exactly how social inequalities play out in this development. Gender-
differences in particular should be further explored, considering how important they are for
questions of work and retirement (Komp-Leukkunen 2019; Phillipson 2019).

The second research question asked how the work environment matters for older workers
in digitalizing workplaces. Previous studies showed that the work environment exerts influences
especially through the implementation of ICT technologies, the option for teleworking, the
training offered, and the employers’ and managers’ attitudes (Van Dalen, Henkens, and Wang
2015; Van Dalen, Henkens, and Schippers 2009; Morris and Venkatesh 2000; Staufer 1992).
These aspects shape older workers’ exposure to technologies, their options for learning and
utilizing the technologies, and their chances for taking up the options for technology learning
and utilization. In this way, work environments take on a crucial function in shaping whether
workplace digitalization acts as a challenge or an opportunity for older workers. They become
prime starting points for interventions into the experiences of older workers in digitalizing
workplaces (Dropkin et al. 2016). Moreover, they generate inequalities in how older workers
fare when their workplaces digitalize (Van Dalen, Henkens, and Schippers, 2009; Morris and
Venkatesh 2000). Further research is needed to explore such between-workplaces inequalities in
greater detail.

The third research question asked how country characteristics shape the situation of older
workers in digitalizing workplaces. Previous research showed that the country-wide use of ICT,
governmental programs for older workers’ computer training, labor market structures, culture,
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welfare policies, and governmental responses to the COVID-19 pandemic are influential
(Fischer et al. 2021; Grigoli, Koczan, and Topalova 2022; Pit et al. 2021; Lee, Song, and Kwak
2020; Peng, Anwar, and Kang 2017). Interestingly, some of these influences are intended to
shape the situation of older workers in digitalizing workplaces, such as the computer training
programs and retirement regulations. However, others were not specifically manipulated for this
purpose, for example the country-specific culture and the labor market structures (Grigoli,
Koczan, and Topalova 2022; Van Dalen, Henkens, and Wang 2015). This combination of
intended and unintended influences puts a practical limit on how far governments can shape the
situation of older workers in digitalizing workplaces. A recent change is that governmental
policies tackling the effects of the COVID-19 pandemic also need to be considered (Pit et al.
2021). Such policies have just now been implemented, which means that their effects will still
unfold over the next years and decades. Nevertheless, their concern with the viability of digital
workplaces in particular may make them an important cornerstone in how older workers fare.
Therefore, the effects of these policies should be monitored as they unfold.

The findings have theoretical and practical implications. Theoretical implications arise
because this study enhances our understanding of the situation of older workers in digitalizing
workplaces. It documents the range of knowledge on the older workers’ experiences, and
scattered evidence on the influences of workplaces and country characteristics on the situation
of these workers. Interestingly, the focal points of analysis differ across these levels. While the
individuals’ experiences are mainly explored regarding their work-life balance and challenges
as work, workplaces and country characteristics are mainly explored regarding questions of
workplace training, productivity, and retirement (Grigoli, Koczan, and Topalova 2022; Van
Yperen and Wortler 2017; Dropkin et al. 2016). This split in focus leads to two different
narratives of the effects of workplace digitalization on older workers existing side by side. Only
one factor transcends the analysis levels: the extent of technologies used, which shapes the
experiences of the older workers, how their work environment reacts, and how their country of
residence supports them (Peng, Anwar, and Kang 2017; Mantzana, Themistocleous, and
Morabito 2010; Staufer 1992). Therefore, it seems advisable that this factor would be further
explored in multi-level studies. Additionally, the literature review revealed a dearth of theories
used and the under-studied question of social inequalities. Future research on older workers in
digitalizing workplaces should consider exploring these areas especially.

Practical implications arise because this study considers older workers in digitalizing
workplaces also from the perspective of employers. It documents that digitalization brings not
only challenges, but also a wide range of opportunities that can be harnessed for greater
productivity. Employers may use this insight to reconsider their attitudes toward older
employees, and how to approach them when workplaces are digitalized (Dropkin et al. 2016).
As a result, they may be able to retain their older employees until a later age, thereby realizing
the goal of extended working lives. Thus, policymakers and trade unions may be interested in
organizing events that show employers how older workers can thrive in digitalizing workplaces,
for example, by presenting scientific evidence and models of good practice.

Besides its merits, this study also has some limitations. First, it reviewed studies written in
English only. Considering that the aging workforce is a global concern, subsequent work might
take into consideration articles published in languages other than English. Second, this study
considered all forms of digitalization jointly. This approach is serviceable because the amount
of research on the study topic is still low, and the definitions of the forms of digitalization
studied are not always clear. However, it is possible that the effects on older workers differ
across forms of digitalization. Therefore, it would be worthwhile to carry out research on the
relationships of older workers to specific technologies (e.g., social media platforms, desktop
client-server work practices, mobile device apps) and how these particular engagements affect
their views on technology (or work) more broadly. Third, this study exclusively reported on
results in developed countries because previous research has focused so far on these countries.
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However, the concerns of workplace digitalization exist also in many developing and less
developed countries. Thus, looking at the experiences, attitudes, and policy implementations in
middle- and low-income countries would be key to obtaining a broad overview of global
differences in how older workers work and how they work with technology. Fourth, this study
considers all older workers together, while only sporadically hinting at differences among them.
This approach is due to the lack of attention to social inequalities in previous research on this
topic. Considering the social inequalities we would expect to exist, it seems advisable that
future research would explore them in detail.

All in all, this study shows that workplace digitalization affects older workers in various
ways. Older workers may encounter challenges or opportunities, depending on their own
context, their workplaces, and the situation in their country of residence. Thus, older workers
are not, per se, on the back foot when their workplaces are digitalized. They themselves and the
institutions and persons around them can help or hinder in adapting to change. Therefore, the
attitudes and actions of both employers and policymakers are crucial when it comes to ensuring
the workforce participation in old age while digitalization progresses. With a considerate
approach, digitalizing workplaces can further the goal of extended working lives. In particular,
theory-driven research and research on social inequalities can further bolster our knowledge on
these developments and opportunities.
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