Does Age Diversity Boost Technological Innovation?

Exploring the Moderating Role of HR Practices

Abstract

We shed new light on the linkages between age sliyeand technological innovation, and
explore the moderating effect of human resourcetes on such relationships. Based on a
linked dataset that contains cross-sectional sudatg and longitudinal employer—employee
data from Luxembourg, we show that the effect @& diyersity on innovation depends on the
age distribution pattern of employees: positivefions characterized by heterogeneous age
groups (variety), negative for those dominated blagpzed age groups (polarization). HR
practices such as information sharing mitigate ddeerse effects of age polarization on
innovation. Practices enhancing development sudhaasng are found to play a significant
and negative role in moderating the relationshifwben age diversity and innovation. We
illustrate how academics and practitioners may Be practices within the context of a
heterogeneous aging workforce and the age-relatiedeshces in values and abilities between

generations.

I ntroduction

Industrialized countries are witnessing higher éfg@ectancies while at the same time fertility
is declining and is likely to remain below the reguction rate in the future. As a result, there
has been a compositional shift from younger to oédge groups within firms, and an increase
in age diversity among the workforce. Recent sttieve highlighted the multifaceted reality
of age diversity, which has important competitiviel @&thical implications (McMahon, 2010)

and implies a “new organizational paradigm” (Gilbet al., 1999). Technological innovation

Is a social and multidimensional processes thabluevthe participation and interactions of

individuals from different generations, which couwdtallenge intergenerational knowledge
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transfers and intergenerational cohesion. Accotgdimganaging age diversity to support such
an innovation has become increasingly critical.

There has been a notable increase in the effortdet®lop theoretical and empirical
frameworks to help in understanding the relatiopdetween age diversity and company
performance (labor productivity, innovation, etdigwever, producing mixed results (Van
Knippenberg and Schippers, 2007). On the one hagel diversity seems to favor idea and
knowledge exchanges and to lead to enhanced penfimen(Grund and Westergaard-Nielsen,
2008). On the other hand, workplace diversity @ea number of problems in terms of
communication, cooperation, and cohesion betwegri@mes, which might ultimately affect
performance negatively. Such mixed results mighéx@ained by the fact that prior studies
consider age diversity as a single dimension, afthaHarrison and Klein (2007) established
that it is multidimensional, comprising two aspeoctariety and polarization. Age variety
implies a group with heterogeneous ages, in whitbwkedge differences become manifest.
This can encourage favorable synergies that ineréasor productivity. Age polarization
entails the separation of the workforce into didtirhomogeneous subgroups, which can
trigger negative diversity outcomes and reducerlgioductivity. Surprisingly, we can find
no empirical studies on the relationship betweasehdifferent dimensions of age diversity
and technological innovation.

Moreover, some authors attribute the mixed restittsresearchers’ neglect of possible
mediators and moderators in the relationship betwage diversity and outcomes in the
studies on organizational demography” (Kunze eR8l11, p. 265). Hence, there is a need for
more empirical attention to be paid to the ways/imch diversity affects performance and on
the contingency factors of such processes (Van péarperg and Schippers, 2007), such as
human resources (HR) practices. Studying HR prest®eems logical in this regard for

several reasons: first, literature on “diversitymagement” has been expanding recently, and



“managing” often relies on the use of HR practicgscond, in the contemporary context of
demographic change and rapid innovation, age —edisas the role of human development —
is high on the agenda of human resource managbngl, Brganizations have to meet new
challenges concerning their HR management. Poteetigployees are not only more and
more diverse with regard to sociodemographic charatics (such as age), but also in terms
of their needs and expectations (which are ofterkeli with age). To accompany
demographic changes due to the aging populatigggnizations need to develop strategies
for the workforce in a more age-differentiated waysatisfy the changing needs and motives
during people’s lives (e.g., Adams and Shultz, 20@nd in turn to stay innovative and
competitive. Fourth, literature on strategic HR agement often refers to HR systems such
as motivation-enhancing and incentive-related prest(Bockerman et al., 2012; White and
Bryson, 2013). These frameworks provide a betteletstanding of the relationship between
HR practices and employees’ attitudes, as each tiRlile is aimed at different goals in
specific contexts (Bal and De Lange, 2015). Thigrapach advances the debate on the effects
of HR practices according to age. Fifth, the spe@ffects HR practices may have on the age
diversity—innovation linkages have, however, notrb@reviously studied. Existing research
has failed to integrate these concepts in a cleatetpand offers little explanation of how the
concepts may be linked exactly. Further, no previennpirical study has taken this issue into
account. The current paper thus contributes tobtbdy of literature that focuses on how
companies deal with diversity through HR practi(s=e Bogaert and Vloeberghs, 2005; Suf3
and Kleiner, 2008).

In view of the above statements and knowledge ghpsybjective in this paper is twofold.
First, we provide new insights into the relatiopsbetween age diversity and technological

innovation. For this purpose, we adopt a multidisienal approach to conceptualize age



diversity, by using the two dimensions of age fmktion and age varietyand exploring
their respective relationships with technologicahavation. Second, we investigate the
mechanisms through which HR practices lead to es#thnnnovation linkages with age
diversity, by considering HR practices as a possibloderator of the link between age
diversity and technological innovation.

The current paper thus integrates two very diffesgreams of research, one that deals
with workplace diversity and the other with HR prees. We use cross-sectional data from
the Luxembourg employer survey over the period 2@002 (one wave) and Luxembourg’s
longitudinal linked employer-employee data, avdéabnnually from 2009 to 2011 (three
waves). Combining these two databases creates @esaiml, 422 Luxembourg firms, among

which we find that distinct HR practices could haliéerent moderating impacts.

1. Theoretical Background

Research on workforce diversity has identified etéht types of diversity: age, gender,
ethnicity (or surface-level diversity), organizaiad tenure, functional, educational
background, and personality (or deep-level divgysiamong others. Harrison and Klein
(2007, p. 1200) define diversity in a work settagythe “distribution of differences among the
members of a unit with respect to a common attepd, such as tenure, ethnicity,

conscientiousness, task attitude, or pay.” Whike dlefinition of workforce diversity covers

any form of objective or subjective dimension amamgkplace members, it is likely that not
all these diversity types play an identical roléhaiegard to innovation (Weiss et al., 2018).

In this paper, we focus on age diversity and shed hght on its inconclusive effects on

! We use the term “age diversity” broadly, to encasgpboth age variety and age polarization.



innovation and explore the moderating effects ah&n resource practices on the relationship
between age and innovation performance.

1.1 Agerelated changesin expectations and motives

Age may explain changes in employees’ work attisudy affecting their needs, their
expectations regarding future prospects, and tedires at a particular stage in life. First,
rooted in the life span psychology and socioemaiioselectivity theories (Kanfer and
Ackerman, 2004; Kooij et al., 2011), younger andeolworkers may differ in terms of
emotional reactions. Older adults are more likelynaximize positive emotional experiences
than negative ones (Carstensen and Mikels, 2003héviand Carstensen, 2005). Further,
while young adults have more intense emotionalti@as to negative stimuli and adversity at
work, older people are better able to understamtcamtrol their emotions (Bruine de Bruin
et al., 2014; Chapman and Hayslip, 2006). Secaskarch on decision-making and social
relationships across the life span has shown dgeedechanges in needs and work values
(Kanfer and Ackerman, 2004; Ng and Feldman, 20&0jile older workers are more oriented
toward fulfilling social needs, younger individuasplay greater motivation to meeting their
growth and career development needs (Ebner eR@06; Jans, 1989). Third, research into
cognitive abilities and decision-making acrosslifeespan suggests that workers of different
ages have distinct experiences, skills, and pedmeptof technology and new trends
(Vaportzis et al., 2017).

1.2. Age Diversity and I nnovation

Different theoretical lenses have been used tojaadhe relationship between innovation and
age diversity. On the one hand, the general argufoethe benefits of age diversity relies on
the information/decision-making perspective (Gruamad Westergaard-Nielsen, 2008; De
Meulenaere et al., 2016) or the so-called valudhersity hypothesis (Cox and Blake, 1991).

These theories predict that diverse age groupsigeasuperior solutions to organizational



problems and can increase organizational efficieefectiveness, and profitability. That is,
by creating, transferring, and absorbing varioysabdities, a more diverse intergenerational
knowledge base enhances problem-solving routindsirarovative activities. Age diversity
may create complementary, age-specific knowledgaspthat can lead to such synergies
(Horwitz and Horwitz, 2007) as employees of diffdireages have distinct experience,
understanding, and perceptions of technology angd tends. In particular, younger
employees may tend to have stronger academic ,skilisbe socially inexperienced. Older
employees are often less at ease with new techieslogven when they are open to using
technology; they may experience age-related chgdlensuch as cognitive decline or
technology-related barriers (Vaportzis et al., 20TThese older cohorts are, however, likely
to have more work experience, social skills, anchp@hension of global situations. By
mixing people of various ages — and thus variecciéips, perspectives, and mental models
(Cannella et al., 2008) — a firm can increase Hik diversity of work teams, encourage
knowledge transfers, and enable interactions gt to new knowledge combinations. If the
different perspectives and mental models embodredliverse workforces improve their
collective knowledge, problem-solving capacity, arelv idea generation (dstergaard et al.,
2011), they should also lead to greater technofbgimovation.

On the other hand, diversity can also have detraterffects. According to the
organizational demography view (Pfeffer, 1985), isosimilarity is required for close
interactions and communication. Age diversity irapldifferent values, which might lead to
communication problems, personal conflicts, lowesbn, or job dissatisfaction (Carton and
Cummings, 2012; Milliken and Martins, 1996). Theref age diversity could act as a barrier
to the transfer of knowledge between individualsci&l categorization, social identity, and
similarity-attraction theories (Byrne, 1971) put@ard similar arguments, which lead to the

prediction that age diversity could instigate ingreoutgroup distinctions and negative social



processes that would disrupt employees’ cohesidnoaganizational outcomes. Prior studies
also highlight that employees of different ages hhiglso not be willing to share their

experience. The communication difficulties and eatonflicts would thus diminish social

integration overall, which could be negative forfpemance (Backes-Gellner and Veen,
2013).

Not surprisingly, empirical research has producexeth results. One group shows both
positive and negative effects of age diversity.agand colleagues (1991) find evidence that
diversity in the age of employees relates posiivel technological innovation in internal
corporate joint ventures. Backes-Gellner and Ve&ilg) also show that increasing age
diversity has a positive effect on company produfgtiif — and only if — the employees
involved are engaged in creative (rather than nejtitasks. By contrast, @stergaard and
colleagues (2011) and Garnero and colleagues (Z@ddithat age diversity is harmful for
innovation, company productivity, and wades.

A second group of studies finds no significant §arinconclusive) linkage. Neither Van
der Vegt and Janssen (2003), McGuirk and Jordad2(j2hor Faems and Subramanian
(2013) uncover any direct link between age divegraiid innovative behavior. Using Danish
longitudinal employer—employee data, Parrotta asilagues (2014) also find no significant
link between diversity in age and innovation. Irreaiew of 80 studies of the effects of
diversity on performance, Williams and O'Reilly @8 p. 403) conclude that “diversity
appears to be a double-edged sword, increasinggpertunity for creativity as well as the
likelihood that group members will be dissatisfaadtl fail to identify with the group.”

These opposing arguments and results suggest #w toelook more closely at age
diversity as a “unit-level, compositional constfu¢Harrison and Klein, 2007, p. 1200),

comprising variety (“differences in kind or categoprimarily of information, knowledge, or

2 Some research focuses on specific types of suléaes diversity other than age, such as gendeicfwhas
been mainly studied in the context of top managensams, see for instance Ruiz-Rimenez et al., 2016
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experience among unit members”), polarization qrasation (“differences in position or
opinion among unit members”), and disparity (“diffieces in concentration of valued social
assets or resources such as pay and status amibmgemnbers — vertical differences that, at
their extreme, privilege a few over many”). Eachneént is unique, but whereas polarization
and variety relate to horizontal differences (iie.perception, opinion, or abilities), disparity
implies vertical differences (e.g., social statuspay). Here, we focus on “horizontal”
differences — namely knowledge and values — betweenger and older employees, hence
on variety and polarization.

Age variety is the “heterogeneity of ages repre=grnh an organization, reaching its
maximum in a firm with an equal share of employieeseach potential age group — that is, a
rectangular age distribution” (De Meulenaere et2016, p. 196). Age polarization implies a
separation of the workforce into distinct homogergesubgroups such that “there are large,
homogeneous subgroups of equal size that strornfjéy th average age(De Meulenaere et
al., 2016, p. 196). Both types of age diversity tave positive and negative impacts on
organizational performance (Harrison and Klein, 20De Meulenaere et al., 2016). We
suppose that age variety is positively associatédd technological innovation, while age
polarization could hamper such innovation. Indemal,one hand, age variety may induce
diverse values, ways of thinking, and competencebjch should foster positive
complementarities between employees. The absentagd subgroups of employees of a
similar age may reduce the value-based tensiomngebeat subgroups. Such “value gap” (De
Meulenaere et al., 2016) is supposed to hamperecabpn and innovation. On the other
hand, the presence of large and homogeneous syisgodulifferent ages due to polarization
may generate personal conflicts or communicatiablems among employees. The produced

group dynamics are likely to hamper cooperation apdr discrimination and conflict



between groups of different ages (Kunze et al. 120dhich may lead to reduced innovation
and performance (Carton and Cummings, 2012).

1.3. TheModerating Role of HR Practices

While there has been a notable increase in effiartslevelop theoretical and empirical
frameworks for understanding the relationship betwage diversity and firm innovation,
very little is known about the mechanisms throudficlv HR practices may moderate such
effects. Understanding how specific HR practicdtu@nce the link between technological
innovation and age diversity is crucial, as tharogt effect of diversity is likely to depend on
how workplace diversity is managed (Pull et al120Parrotta et al., 2014; MartAlcazar et
al., 2012). Innovation is a social process, in Whétnployees — as part of a firm’s human
capital resources — participate and interact wéttheother (Jstergaard et al., 2011; Amabile,
1988). Human capital resources have a demographiendion (such as age, gender, or
ethnic origin) and a cognitive dimension (such apeeence, vocational training, and
openness). Hence, employees’ demographic chastatsrand the way a company manages
the interactions of heterogeneous employees shoilledtnce that company’s performance in
terms of innovation (Homan et al., 2008). By intothg HR practices as possible moderators
in the relationship between age diversity and imtion, we assume that the extent to which
the effects of diversity (age variety versus agknmation) on a company’s technological
innovation will vary according to which HR practgcare introduced by the management.

In this paper, we consider the impact of five HRagbices separately: development,
teamwork, information sharing, financial incentivesxd work-life balance. Although few
studies have investigated HR practices separaselye recent research argues that each
practice is aimed at different goals in specifiatexts, and it is unlikely that all HR practices
play an identical role with regard to technologitalovation (Jiang et al., 2012; Bos-Nehles

et al., 2013; Bal and de Lange, 2015).



The five practices were chosen for several readanst, they represent the five categories
of “modern” HR practices identified by Laursen aRdss (2014). Second, they illustrate
Lepak and Snell's (2002) typology of commitmentdzhginancial incentives and work-life
balance, and productivity-based (development) antiatlworation-based (teamwork and
information sharing) human resource practices. dfhiney also are representative of the
widely-used Ability, Motivation, and Opportunity {0) model, although this has been
criticized as the three aspects of AMO, which materact with each other to influence
outcomes (for example, see Reinholt et al., 20LAgre are numerous debates related to the
interactions between the different individual HRwgdrces, and the many configurations found
by researchers, which depend on the choice of tymdgmractices and subpractices. In light
of this, we chose to concentrate on five specifit ptactices that we consider as essential for
enhancing or modifying the age—innovation perforoganmelationship. Indeed, they are
particularly suited to advance the debate on tlbn@ogical innovation effects of HR
practices in a context of age diversity, and todshdditional light on the differentiated
relationships between specific HR practices andvation (Laursen and Foss, 2014).

We adopt a cognitive approach with regard to intiomaand assume it is an interactive
process in which individuals learn, enhance theowedge, constantly seek interactions, and
combine their knowledge to perform (Kogut and Zand®92; Nonaka and Takeuchi, 1995).
Prior studies focusing on HR practices that enhapskilling and employees’ development
and innovation emphasize that such practices stperacquisition, reconfiguration, and
exploitation of new knowledge, which is crucial kmowledge management and innovative
performance (Beugelsdijk, 2008; Zwick, 2015; Lauarsand Salter, 2014). Taking into
account the role of employees’ age distributiorg agversity may promote such learning
processes and knowledge acquisition (van der VedtJanssen, 2003), though generation

and life span theories (Bal and De Lange, 201%) pledict different impacts of upskilling
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practices, depending on the age distribution invibekplace. Because the knowledge bases
of young and old people are too different, the cotion of knowledge required for
innovation cannot take place. As the knowledge dase heterogeneous, the combination and
exchange of knowledge required for technologicaloiration might not readily occur.
Accordingly, we suppose that HR practices sucheagldpment or training might encourage
efficient exchanges of knowledge across generatinagked by age variety, but that firms
facing age polarization might instead suffer fromaeger gap between their employees’
abilities.

Prior studies provide contradictory results witlgael to incentive systems such as
rewards, benefits, or promotions for innovation.iM/lsome research suggests that incentive
systems induce higher levels of effort and proditgti(e.g., Lazear, 2000; Shearer, 2004),
others provide evidence of distortions associatéd these practices, as they focus only on
financial incentives without the consideration bé tintrinsic motivation of employees (e.qg.,
Bloom and Van Reenen, 201Hanama and Nishikawa; 2017). Amabile (1996) summarizes
the results of this stream of research by statiagjtonetary incentive systems encourage the
repetition of simple routine tasks, in which effestthe main driver of productivity, while
discouraging the exploration of new tasks involvangativity and innovation. In the context
of age diversity, one can predict that the dynarofcadult development provide insights into
how motivation might work among employees of difer age groups. Older employees
might be more interested in flexible work policigerhaps because they care for children or
elderly parents or else need more time for rege¢ioeréKanfer and Ackerman, 2004; Zwick,
2015). However, they may be less driven by achie@rgmmotives (demonstration of mastery
and excellence compared with others) or opennesggerience. They are less threatened by
a failure to be promoted, and occupational achiergrplays a lesser role when compared

with employees in the earliest years of their cae&herefore, we expect that incentive
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practices such as rewards, benefits, or promot@mifisct innovation differently, which
depends on the employees’ age distribution of @.fin the context of age polarization,
where distinct homogeneous subgroups of generastwosigly differ in average age, HR
practices may reinforce the intergenerational éctsfidue to different interests and values of
diverse age groups. Indeed, since innovation isit@nactive process involving individuals of
different ages with heterogeneous backgrounds asldes, we expect that monetary
incentives as HR practices will induce additiorradtfon and competition among employees,
which could hamper social cohesion and communicatithis could, in turn, lead to the
reduction of a company’s innovative results.

Literature also looks at nonmonetary incentivese iotivational psychology theory (e.g.,
Heckhausen et al., 2010) predicts that motivatarsh sas monetary incentives may be
counterproductive, because they exclude the automsnmotivation that is essential for
successful problem solving, learning, and creativBuch research affirms that rewards
matter, but calls for softer, less controlling redg To test for the moderating role of
nonmonetary incentives, we also investigate saoftards in the form of work-life balance
practices.

HR practices geared toward interaction and comoation among employees have also
received attention from researchers. New knowledgaerated by the combination of
knowledge possessed by employees of different legels to creativity and the development
of innovations. Firms have a diverse workforce Ilfiefimm a broader combination of ideas
and perspectives from different generations thabkn the development of innovative
opportunities (Miller and Triana, 2009; Ruiz-Jiméret al., 2016). Thus, we assume that HR
practices such as teamwork and information sharthgt enhance interactions,
communications, and the exchange of knowledge aneomgloyees are likely to motivate

employees of different ages to engage in effortsathieve organizational objectives,
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including technological innovation. These practiceer employees opportunities to
demonstrate their ability and intrinsic motivatigdiang et al., 2012). Thus, companies
investing in information sharing and teamwork pices emphasize more coordination and
move decision-making authority and responsibilitgni the top to lower levels in the
organizational hierarchy. Such practices reduceralshical barriers and value-based
differences that arise between employees of difteages, and in turn enable firms to achieve
innovative results.

Age diversity can also relate negatively to commation frequency (Zenger and
Lawrence, 1989). In this context, HR practices am® improve exchanges and
communication among members may mitigate this ehgt. Working together and sharing
information on a regular basis also should redbeecbgnitive dissonance among employees,
allowing them to make better use of their combikedwledge. These new combinations in
turn will support efficient and innovative problesulving, due to the complementarity of the
different employees’ competencies, technologicatggions, methods, and knowledge. We
thus extrapolate that opportunity-enhancing HR foras that support communication and
teamwork, particularly across cohorts of differages, should mitigate the negative effect of
polarization, in terms of limiting information trafers across employees of different ages, as
predicted by the value in diversity hypothesis (Gmd Blake, 1991). Differences between
older employees’ skills and intelligence (whichdeto be oriented toward communication
and problem solving) and those of younger employégkich tend to feature fluid
intelligence and technology skills) may be offsgt dpportunity-enhancing practices that
allow them to exchange experiences and types oflatige.

Figure 1 illustrates our theoretical framework fbe moderating role of HR practices on
the relationship between age diversity (varietydpahtion) and technological innovation.

INSERT FIGURE 1 ABOUT HERE
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2. Methods

2.1. Sample

For this study, we use a rich data set derived fommbining two sources. The first, the
Luxembourg Employer Survey (LES), was conducte®(h3 by the Luxembourg Institute of
Socio-Economic Research (LISER). This cross-sealidata set refers to the period 2010-
2012 and contains information about companies @seot activity, groups, number of
employees, sales, and geographic market), their ga&ttices, and their technological
innovations. It accounts for nonresponse and surdegign probabilities and ensures
representativeness. Our second data set is themhowrg Longitudinal Linked Employer—
Employee Data (LLEED), available from Luxembourgsnual General Inspection of the
Social Security report, for the years 2009-2011s Phnovides registry data for all employees
in Luxembourg, including each worker's age, gendargd nationality. The LLEED also
identifies each worker’s employer, so we can mabehinformation with the LES according
to the firms’ common identity numbers. We obtaireedample of 1,442 Luxembourg firms
with at least 10 employees in the manufacturing serdice sectors. The mean size is 78.9
employees, ranging from 10 to 3,995.

2.2.Measures

Appendix 1 provides the full definitions of variakf

Technological Innovation.Similar to Mairesse and Robin (2011), we use a ctlire
measurement, based on whether the firm introducedupt or/and process innovations in the
three-year period from early 2010 to late 2012. &or purposes, a product innovation is
defined as the introduction of goods or serviced #re new to the market or the firm; a
process innovation is defined as the introductibnew or significantly improved production

or delivery methods, including substantially altetechniques, equipment, or software. Our

® Because of space limitation, the descriptive stiati and correlation matrix were not included, dmat available
upon request.
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dependent variable, technological innovation, tisua binary variable, equal to 1 if the firm
implemented product or process innovations anderatise.
Age Variety.The employee’s age is a natural number (17-67 yesvsve could use different
methods to measure age variety: standard deviai@rage age of employees (Jstergaard et
al., 2011), variation coefficient of age (Backedi@Ga and Veen, 2013), average dissimilarity
index (Harrison and Klein, 2007; Garnero et al.140 or Blau's index of heterogeneity
(Imakunnas and limakunnas, 2011; De Meulenaegd. e2016). We chose the last, because
Blau’s index of heterogeneity simultaneously cagguthe number of categories represented
within the workplace (richness) and the equivalentethe numbers for the individual
categories (Parrotta et al., 2014). It is defingd a

Age Variety Index =1—-YM_, P2,

whereP? is the proportion of employees in age grempWe distinguish nine age groups
(M = 9): younger than 25, 25-29, 30-34, 35-39, 4048449, 50-54, 55-59, and older than
59. The index takes a minimum value of O if all éoypes are equal (meaning perfect
homogeneity) and a maximum value of (M — 1)/M & throportions in all groups are equal
(indicating perfect heterogeneity).

Harrison and Klein (2007) suggest using standargiiatlens to account for age
polarization, because it is sensitive to the aggeaand therefore reaches its highest value for
firms in which age subgroups are the furthest apotvever, in line with De Meulenaere and
colleagues (2016), who argue that this approacbreamthe relative sizes of the subgroups,
we adopt Esteban and Ray’s (1994) polarization oreasent. This is sensitive to both the
size balance of the age subgroups and the distetaeen any two subgroups:

Age polarization index = k X)L, ¥V, m** mj|a; — a;,
wherez; andz; are the size balance of the subgroupsidj, and|a; — g| is the distance

between these two subgroups. Representing setysitivpolarization, with values between 0
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and 1.6, a lower coefficient implies greater weight assigned to the distancevdsn
subgroups, but less weight to the subgroup baldfmecontinuous attributes such as age,
should lie between .25 and 1 to satisfy the axiahpolarization (Duclos et al., 2004).
Similar to De Meulenaere and colleagues (2016)ewmicitly confirm that age polarization
and age variety are two different notions by sgttine level ofa at values that make the
correlation of age polarization with measuremefitsath age variety and age inequality (i.e.,
age polarization a&x = 0) lower than 0.5. In our case, the levelsaofo guarantee this
condition are 0.8 and 1.

HR Practices(see Appendix 1)We focus on five HR practices and variables. Dgwalent
reflects the firm’s upskilling activities in relata to training, internal mechanisms, and
appraisal. It equals 1 if at least one of thesedlactivities occurs and 0 otherwise (White and
Bryson, 2013). Teamwork is equal to 1 when emplsygerk on teams that autonomously
decide how to identify and solve problems and Cewtiise. Information sharing equals 1
when employees are informed about changes at vookigh frequent meetings with senior
managers or can express their needs and expestdtioough an online platform, and O
otherwise. The incentives variable is equal to th&f company offers its employees financial
benefits such as bonuses, a company car, or bigamce, and O otherwise. Lastly, work—life
balance is equal to 1 if the firm offers employeasra-legal benefits, such as a childcare
center, financial assistance for childcare or &deare, or flexible working hours, and 0
otherwise (White and Bryson, 2013).

Control variablesWe include conventional control variables such @®gany size, activity
sectors, the existence of an R&D department (b)pahe number of competitors, and the
proportion of graduates among the employees. We mslude gender and nationality
diversity(as an indicator of ethnic diversity), using Blauidex of heterogeneity. We control

for organizational innovation, as existing liter&uhas illustrated the close relationships
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between the two types of innovation (e.g., Cozz&016). Hence, similar to Jstergaard and
colleagues (2011), we include each company’s orgdinnal policiesDiversity Policyin the
form of internal mechanisms to promote diversit@pllaboration for technological
innovation, Quality Managemento satisfy customers and monitor production quaknd
Corporate Social Responsibilityastly, we measure job security as the propostiohpart-
time and nonpermanent employees (De Meulenaete 204&6).

2.3.Estimation methods

As our dependent variable is binary, we use a pnotudel. Reverse causality can be a
concern in workforce diversity studies (Garneralet 2014; Parrotta et al., 2014), because
innovative processes (in terms of labor produgtjuibtal factor production, and wages) might
induce correlated changes in the company’s workfand their technological innovation
efforts, which would not be due directly to changeghe workforce composition per se.
However, without longitudinal data for technolodiéanovation, we cannot address this
issue. In a similar way to Garnero and colleags §), and Bdockerman and colleagues
(2012), we use lagged levels of age polarizatioth age variety as internal instruments to
endogenize these two factors; because changestual gmwlarization and variety should
correlate with their lagged levels, but the lateannot correlate directly with our
technological innovation-dependent variable. Ins tipaper, the dependent variable and
independent variables are computed from two indeépein databases. The technological
innovation is computed from the cross-sectionaleyrdata referring to the period 2010-
2012 and the age polarization and variety are céedpfrtom the longitudinal administrative
dataset of the period 2009-2011 (Appendix 1). Thus,independent variables (polarization
and variety) in 2009 and 2010 are prior to techgicla innovation of the period 2010-2012,

they can be considered internal instruments foogedizing polarization and variety in 2011.
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As additional instruments, we include the laggeadltoumber of people who quit and of new
employees.

To test the potential interplay of age diversityda#iR practices, we include interaction
terms in the models. The estimates of the instramgrequations (see Appendix 2) indicate
that the F-statistic for the first-stage regressiohinstrumenting equations exceeds 10; weak
instruments are thus not a concern (Staiger andkSt®97). The over-identification tests
indicate that the excluded instruments are notrimectly omitted from the estimation of the

technological innovation equation. The first-stefireation is shown in Appendix 3.

3. Reaults

The pairwise correlations between the main varglsleow that age polarization and age
variety are significantly correlated, although witHow coefficient (-0.08. Consistent with
the motivation to control for different types ofvdrsity, gender and nationality diversity
measurements are included as controls. These triables are significantly correlated with
age variety, although the correlation coefficieats low. However, the variance inflation
factors do not indicate any multicollinearity issgmean VIF = 2.02; lowest tolerance value
(1/VIF) = 0.18).

Table 1 contains the results of an instrumentabipnmodel with measurements of age
variety and age polarization, HR practices, andctir@rol variables. Models 1 and 2 are the
baseline versions, including only age variety agd polarization with the control variables.
They reveal strong relationships between varietghomation and innovation. Specifically, the
relationship between age variety and innovatiomasitive and significant: a diverse age
composition is positively associated with the likebd of technological innovations being

introduced. When age variety increases by one pdginenhances the likelihood of a

* With « (the sensitivity to polarization) being equal t@d 0.25, age polarization and age variety arhlyig
correlated (0.75 and 0.62, respectively).
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technological innovation by 1.84 points. The relaship of age polarizatiGmwith innovation

is negative and significant: companies with didtimomogeneous age groups are less likely
to introduce technological innovations. A one-paimdrease in age polarization reduces the
probability of technological innovation by 12.3 pts.

In Model 3, we test for the main relationships {@gr and polarization) jointly. The
associations are still significant. With Modelsadab, we test for the impact of the five HR
practices. The likelihood of innovating is positivessociated with information sharing: the
estimated link of information sharing is positivedastrongly significant at the 1 percent level.
The estimated link of development is also strorsigynificant and positive. However, we do
not find any significant relationship between teasrkvand innovation in any model. Also
surprisingly, neither incentives nor work—life bate are associated with technological
innovation. When we include age variety/polarizatamd the HR practices jointly, the results
remain unchanged (Model 6), indicating that they rabust to the introduction of additional
variables.

INSERT TABLE 1 ABOUT HERE

To explore the different mechanisms by which aggetyaand polarization are associated
with innovation, we consider the five HR practiceparately, while we also take into account
employees’ characteristics and company heterogemestector and size. That is, we augment
the baseline models (Table 1) with interaction termf the measurements of age
variety/polarization and the distinct HR practi¢€able 2).

In Models 7 to 9 (Table 2), we analyze the inteyptd diversity with development
practices by the introduction of the interactionms between them. Model 9, which includes
both measurements of diversity jointly, indicateattage variety remains significant, but that

the link of age polarization with innovation disagps. The interaction between development

® As the results withu being equal to 0.8 and 1 do not substantially diffee subsequent empirical tests are
based on the value 0.8. Results withqual to 1 are available on request.
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and age variety is highly significant and negatiMeese results show that development — such
as training, annual appraisals, and internal stélvelopment mechanisms — negatively
moderates the relationships between age varietyimmolvation® We find no significant
interaction between development and age polarizatio

With regard to HR practices linked to communicatiand knowledge exchange, the
estimation results fofeamworkin Table 2 (Models 10 to 12) reveal that the iat&ion term
between teamwork and age variety is negative agwifgiant. Although workplaces with
employees of different, homogeneous age groupslilkely to be more innovative, HR
practices that require teamwork mitigate this pesitassociation between age variety and
innovation’ The interaction term between polarization and teark is also not significant.

Models 13 to 15 test the interplay of informatidrasng with diversity. In Model 15, in
which we include age variety, age polarization, @ne interaction terms, the interaction
between age variety and information sharing is sighificant. Information sharing as an
opportunity-enhancing practice does not positivelgderate the relationship between age
variety and innovation. However, we find a positigad significant interaction of age
polarization and information sharing; that is, thegative impact of age polarization on
technological innovation is weaker in organizatitimet rely on information sharing.

INSERT TABLES 2 and 3 ABOUT HERE

In relation to monetary incentives and work—lifdamee in Models 16 to 21 (Table 3), we
find that the interaction terms with both incenivend work-life balance are not significant.
When HR practices focus on motivating employeesh sas pay-for-performance and work—

life balance, they are not efficient in terms opnoving the firm’s capability to innovate in a

® We ran several models to test other indicatordeselopment, such as bundles of development meathae
regroup training, annual appraisals, and internathanisms and take values from O to 3, or elseraggh
indicators such as only training, only annual afgaiaor only internal mechanisms. The results,labke on
request, match those in Table 2, and thus supipe@rrobustness of our results.
" We similarly ran multiple models to test other izadors of teamwork, including a bundle of teamwork
measures that regrouped autonomous teamwork, yjaaliles, and job rotation and took values froto @B as
well as separated indicators of each element. &belts, available on request, again match tho3alxe 2 and
reaffirm the robustness of our results.
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working environment dominated by age variety anthmation. When we test for the links
of all HR practices jointly (Model 22), the intetmn terms between age variety and
development and between age polarization and irdbom sharing remain unchanged,
whereas the moderating effect of age variety aachteork disappears.

To investigate the interactions in more detaie regression lines that represent the
significant interaction terms between HR practiaeds age diversity of the Model 22 were
plotted separately to better understand the doeatf their effects (Aiken and West, 1991).
The introduction of interaction terms in the anayaccounted for a reliable amount of
variance in technological innovation. To reduceeptitil collinearity between the interaction
terms and the component variables, all componenidéhla scales were centered (Aiken and
West, 1991). Simple slopes analyses indicate #matshown by the estimation results, for
organizations implementing HR practices that enatd@nmunication and information
sharing, there was a significant positive relatiops between age polarization and
technological innovation (Figure 1). In contrasipr forganizations that implement
development as a HR practice, there was a signifioegative relationship between age
polarization and technological innovation (Figuje 2

INSERT FIGURES 1 and 2 ABOUT HERE

To check whether the results remain valid whengusifinear probability model, we ran
OLS estimations for all the models with interactterms between diversity and HR practices.
The results are reported in Appendix 4. Overall,fiwd no differences between the results in
Tables 2 and 3 and those in Appendix 4, with theepton of the one related to the
interaction term between development and age yathet is no longer significant.

Among the control variables, we find a positiveatginship between gender diversity and
technological innovation, which is in line with preus empirical studies (e.g., dstergaard et

al., 2011), but no evidence was found for natigpaliversity. Organizational innovation is
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positively associated with a greater likelihoodrnovate. The effects of diversity policies are
positive and significant. A firm’s openness to dsity increases its innovation. However, the
intensity of competition, expressed as the numbecoonpetitors, is not associated with
technological innovation. Large firms and thoseihgVR&D department are likely to be
more innovative. The results in Table 1 reveal gatige link between the proportion of part-
time and of nonpermanent contracts and the likelihto innovate (De Meulenaere et al.,
2016), though the proportion of highly educated lxyges does not have a significant impact
(Dstergaard et al., 2011).

As robustness checks, we investigated whether #tenaion results might differ
according to the measurements of age variety alatipation. We estimated the models with
two alternative indicators of age variety: the dtal deviation of employees’ ages
(Dstergaard et al., 2011) and the variation cadefiicof age, defined as the ratio between the
standard deviation and the mean of the ages (Bdék#ser and Veen, 2013). The models
reveal some differences, though we still find aigpees and significant interaction term
between age polarization and information sharing, @ negative, significant interaction term
between age variety and teamwork. The interactetwéen age variety and development is
no longer significant. When we use the variatioreftoent of age, some results again
change; specifically, the interaction of teamwoiikhwvage variety is no longer significant. We
also estimated an alternative specification, usimifferent method to calculate age diversity.
Both age variety and age polarization are boundedtinuous variables, so for technical
purposes, related to the interaction terms with dbexmy variables, we rescaled them as
binary variables that equal 1 if the specific indeariety and polarization) is greater than the
mean of that index and 0 otherwise. These binadicators thereby reflect high versus low
levels of variety/polarization. When we computectrage effects of the interaction terms

between binary variety/polarization and binary HRqgbices, the pattern of results matched
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those in Tables 2 and 3. Therefore, the methodsised to calculate variety/polarization do
not drive the results.
Further Analyses
The results presented in the previous sectionsestighgat technological innovation is related
to age diversity and that this relationship is mratld by HR practices. However, as product
innovation and process innovation could be drivgrdifferent determinants (Gémez et al.,
2016; Cozzarin, 2016), the question arises of thieeng to which they are differently
associated with age diversity and HR practices.adidress this, we separated product and
process innovation into two dependent variablesrandinear models using the same set of
explanatory variables and interaction terms. Tablesd 5 report the estimation results for
product and process innovation, respectively.

INSERT TABLES 4 and 5 ABOUT HERE
The results suggest that age diversity is sigmfigaassociated with product innovation,
while there is no evidence for process innovatidence, we find that a rise in the age variety
of the workforce has a positive association witbhdorct innovation, while age polarization
decreases the likelihood of an organization toohice product innovation. These results are
similar to those reported for technological innamat Turning to the moderating role of HR
practices, we still find that an organization wathworkforce characterized by age variety that
relies on a development strategy is less likelintooduce product innovation (Table 4). The
interaction term between age polarization and mftdion sharing is significant and positive,
suggesting that the negative effect of workforce glarization on the probability to
introduce product innovation might be moderatedirhplementing communication-related
HR practices such as information sharing. As a result compared with the one obtained for
technological innovation (Table 3), the interactiterm between age polarization and

teamwork is now significantly and negatively asateil with product innovation (Table 4).
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With regard to process innovation (Table 5), welfimo evidence of a moderating role of
development or information sharing. By contrasiyymievork as a HR practice appears to be a

moderator of the link between process innovatiah age variety.

4. Discussion and Conclusion

To the best of our knowledge, this article provittesfirst analysis of the effectiveness of HR
practices in relation to the relationships betweempany technological innovation and age
polarization and age variety, an important yet eeigld issue that surrounds HR practices in
academic and political discourses. Using an intedrdata set from the cross-sectional LES
for the period 2010-2012 (one wave) and the LLEEEadcvailable annually from 2009 to
2011 (three waves), we are able to take into adcthe prominent endogeneity issues
associated with workforce diversity. Our findingmtribute to three strands of literature: age
diversity, innovation, and HR management.

First, with regard to age diversity, our results aoly show that it matters for innovation,
but that the direct relationships between age ditserand technological innovation vary
according to the pattern of employees’ age distigiou The linkages are positive for firms
characterized by heterogeneous age groups (variety)negative for those dominated by
polarized age groups (polarization). In settingskad by age variety, the more diverse age
spectrum facilitates knowledge transfers acros®iggions and produces complementarities
among the different forms of human capital possesgeyounger and older workers (Cox
and Blake, 1991; Grund and Westergaard-Nielsen8208s people are repositories of
unique knowledge, workforce age diversity providée heterogeneity, flows, and re-
combinations of knowledge that encourage innovapeeformance (Mohammadi et al.,
2017). By contrast, age polarization implies défeces in values and knowledge, impedes

social cohesion, increases communication diffiesltiand value conflicts, and makes it
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difficult to transfer company-specific knowledger@ss generations. We also acknowledge
that the career advancement options for youngetay@@s may appear limited, which could
demotivate them from committing fully to the compganactivities (Gibbons and Waldman,
2006). This is in line with theoretical argumentattsuggest social similarity is important for
interaction, communication, cohesion, and knowlegesfer (Byrne, 1971; Pfeffer, 1985).

Second, such results are also key for innovatidardiure; indeed, showing the
differentiated impacts of age variety and age pddion reflect the contrasting theories on
the benefits and disadvantages of age diversityth®rone hand, for age variety they provide
support for the value-in-diversity hypothesis (Gmd Blake, 1991). Mixing people of various
ages leads to diverse capacities, perspectives,namdal models (Cannella et al., 2008),
which increases the skill diversity of work teamscourages knowledge transfers, and favors
interactions and collective problem-solving capactogether with the generation of new
ideas (Jstergaard et al., 2011). Having a workfam@aposed of employees of different ages
thus leads to greater technological innovation. e\mv, if the age of employees is too
polarized, with many young employees and many olelspthen all these benefits disappear,
with age polarization having negative effects omowation. This result provides support for
the organizational demography view (Pfeffer, 1986)which social similarity and similar
values and mental models are required for closerantions and communication, for
knowledge flows to circulate among team member® Paglarization thus acts as a barrier to
the transfer of knowledge between individuals, ime [with social categorization, social
identity, and similarity—attraction theories (Byrn&d71). Hence, this distinction between
variety and polarization, which has not previoubgen made, is key to understand the
underlying processes that lead, or not, to innowati

Third, we also shed new light on the interplay kesw five main HR practices and age

diversity, thereby it contributes to HR literatuf@n one hand, working from the knowledge-
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based perspective (Kogut and Zander, 1992; Nona#lalTakeuchi, 1995), we assumed that
HR practices aiming at training employees wouldhfiarice the positive association of age
diversity with innovation. Instead, the practicemse and even contradict the supposed
positive effects (the interaction term is negativEhis is a counterintuitive result, which
might have arisen because we uggeaelopmentariable that refers to a generic HR practice,
suited to all employees regardless of their age.efrerging strand of literature instead
recommends the implementation of development prograhat are specific to older
employees (e.g., Behaghel et al., 2014; Zwick, 2@d@5elp improve their productivity and
commitment (Gobel and Zwick, 2013). Older employaggear reluctant to engage in generic
training programs or ones that impose heavy demandgheir fluid intellectual abilities
(Kanfer and Ackerman, 2004). Instead, they shoeldniore open to relevant, informal, age-
specific training that they can tackle using thaiystallized intelligence, such as conflict
management (Zwick, 2015). Firms marked by a higiellef age variety might prefer generic
development practices, to encourage participatipnydunger employees and achieve an
upskilled workforce. However, as an unintended egasnce, they might be reinforcing the
age bias associated with new technologies, affgajioup identity and intergenerational
cohesion (Behaghel et al., 2014), and limiting wateon performance. We find no evidence
of a significant moderating role of developmentimmovation in relation to age polarization.
This means that introducing generic upskilling piss is not sufficient to mitigate the
adverse impact of age-related differences acrossiped age groups.

On the other hand, the moderating role of HR peastivaries according to the nature of
the heterogeneous workforce. Looking at informatsimaring, we find that companies
investing in HR strategies that enhance commumigaéind knowledge exchange among
employees are likely to be more innovative. Moserestingly, such practices also mitigate

the adverse impact of age polarization on innowatibhus, encouraging communication,
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social cohesion, dialogue, and trust can mitighte difficulties associated with age-related
differences in knowledge, values, experience, auhriological perceptions, leading to
enhanced innovative activities (Laursen and Fo8832 However, with high levels of age
variety, introducing teamwork practices actuallyduees company innovation, perhaps
because team-based systems in settings charadtesize large age variety create distress or
encourage peer monitoring and the enforcement ofigmorms, rather than individual
discretion and autonomy. An alternative explanatisnthat team-based systems mainly
involve conflict resolution, which would limit thigme and energy available for innovation.
We find no significant interaction effect of teamk@nd age polarization.

Some interesting managerial implications derivenfraur research. First, firms in the face
of age polarization might counteract its negatiwgact on innovation by encouraging
information sharing and communication among empmsyeThis could be achieved for
example through meetings between senior manageamenémployees, in which employees
would be able to express themselves and ask qusest8econd, to embrace the benefits of
variety, training and development practices shdgchdapted to each age category. Because
younger and older people possess different skitid abilities, failing to suitably adapt
development programs to their characteristics Wiider organizational performance and
innovation. These results suggest that there isingle applicable theory of corporate age
structures, and more research is needed on theratimgeor even mediating roles of HR
practices, particularly using longitudinal studies.

This study is not without limitations. First, we dhaccess to longitudinal data for HR
practices but not for technological innovation, efhiwould have helped us to control for
reverse causality. Producing databases to takeagttount this methodological aspect could
constitute a first step for further research on #ubject. Second, the current research

considers generic HR practices regardless of erapiyage. Companies characterized by age
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diversity might benefit from more investment in hamncapital through age-specific HR
practices to cope with the potentially decliningliibs of senior employees. Considerable
room for further research remains in this field. rietaver, apart from HR practices, future
research should look at the varying boundary camttunder which age diversity might be
differently related to innovation, such as orgatiazal culture dimensions, leadership styles,

types of tasks, and other motivation mechanisms.
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