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ABSTRACT

Inspired by a human-centered perspective on
technological changes of work, this paper presents

a theoretical effort of bridging two distinct fields:
Industry 4.0 and intergenerational knowledge
transmission. It contributes to the literature on knowledge
management with an analysis of how Industry 4.0, as one
of the new objects of the 21! century management,
challenges and transforms practices of intergenerational
knowledge transmission. Based on a narrative literature
review, we identify four facets representing the main
managerial considerations on Industry 4.0, discuss their
implications for intergenerational knowledge
transmission and outline avenues for future research.
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Résumé

Inspiré par une perspective centrée sur 'humain quant
aux changements technologiques du travail, cet article
présente un effort théorique de rapprochement entre deux
domaines distincts : l'Industrie 4.0 et la transmission
intergénérationnelle des connaissances. Il contribue a la
littérature sur la gestion des connaissances en analysant
comment l'Industrie 4.0, en tant que nouvel objet de la
gestion du 21¢ siecle, remet en question et transforme les
pratiques de transmission intergénérationnelle des
connaissances. Sur la base d'une revue de littérature
narrative, nous identifions quatre facettes représentant
les considérations managériales principales sur
'Industrie 4.0, discutons de leurs implications pour la
transmission intergénérationnelle des connaissances

et proposons des pistes de recherches futures.

Mots-Clés : transmission intergénérationnelle des
connaissances, gestion des connaissances, Industrie 4.0,
perspectives centrées sur ["humain

Resumen

Inspirado en una perspectiva centrada en el ser humano
sobre los cambios tecnoldgicos del trabajo, este articulo
presenta un esfuerzo tedrico para conectar dos campos
distintos: La Industria 4.0 y la transmisién
intergeneracional del conocimiento. Contribuye a la
literatura sobre la gestion del conocimiento con un
analisis de como la Industria 4.0, como uno de los nuevos
objetos de la gestidn del siglo XXI, desafia y transforma
las practicas de transmision intergeneracional del
conocimiento. Basandonos en una revision narrativa

de la literatura, identificamos cuatro facetas que
representan las principales consideraciones de gestion
sobre la Industria 4.0, discutimos sus implicaciones para
la transmision intergeneracional del conocimiento y
esbozamos vias de investigacion futura.

Palabras Clave: Transmision intergeneracional del
conocimiento, gestion del conocimiento, Industria 4.0,
perspectivas centradas en el ser humano
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The manufacturing sector is currently being transformed by a profound digital shift and
an intensification in the use of emerging technologies which is commonly summarized
under the term “Industry 4.0” (Kagermann, Wahlster, & Helbig, 2013). So far, a techno-cen-
tric stance on the topic is dominating while the existing “human-centered” body of
research still needs to shed light on work-related implications, notably for human
workers and their knowledge (Schneider, 2018). Building on this emerging stream of
literature, we attempt to provide a human-centered perspective on Industry 4.0 by
reflecting on an original managerial aspect: the role of generation-specific knowledge
and new practices of intergenerational knowledge transmission. The intensification of
technological use requires permanent knowledge acquisition as well as a dynamic
combination of diverse forms of knowledge coming from different generations, which
makes the study of intergenerational knowledge transmission in the context of Industry 4.0
highly relevant. Although numerous scholars and practitioners have developed approaches
based on the concept of knowledge transfer (Beazley, Boenisch, & Hardan, 2002) or
knowledge retention (Levy, 2011) over the last three decades, research on intergener-
ational knowledge transmission in the era of Industry 4.0 is still in its infancy. Based on
these reflections, this paper contributes to the literature of Knowledge Management
(KMJ in two ways: First, we provide a fine-grained analysis of possible implications and
considerations of Industry 4.0 for intergenerational knowledge transmission, including
new practices. Accordingly, we establish relevant connections between two rather
disconnected research fields (Industry 4.0 and intergenerational knowledge transmission)
which go beyond the polarized discussion on the future of human knowledge where
scholars argue either in favor of specific competencies or human-less factories. Second,
based on this analysis, we formulate questions and avenues for future research in the
field of KM, Industry 4.0 and intergenerational knowledge transmission. What is more,
we contribute to the literature on Industry 4.0 by developing a novel, human-centered
definition of the term. Hence, in response to the call for papers for this special issue,
this narrative review is oriented by the following research question: When considered
as a new object for KM, how does Industry 4.0 transform intergenerational knowledge
transmission? The remainder of this paper is structured as follows. First, we present
the state of the art on the two research fields and point towards relevant interrelations.
Second, we outline the methodology used for this paper. Third, we present the findings
in the form of four facets and then link these to aspects related to knowledge management
in Industry 4.0. Fourth, we discuss the implications of each facet for intergenerational
knowledge transmission and formulate avenues for future research.

Literature review

Dominance of a techno-centric stance of Industry 4.0

Current research conceives Industry 4.0 most often as a “new type of industriali[s]ation”
(Kagermann et al., 2013, p. 5) allegedly capable of boosting manufacturing efficiency
and productivity through the intensive use of new technology at all production stages

in modern organizations [ibid.). Since the first apparition of the term at the Hanover fair
in Germany in 2011, it has aroused much interest among researchers, but also among
policy makers, consultants or diverse interest groups from the industry (Lindner, Ludwig,
& Amberg, 2018; Pfeiffer, 2017). Despite the increasing scientific output, Industry 4.0 is
often ill-defined and insufficiently distinguished from earlier, but similar debates on
technology. It is argued that Industry 4.0 differs from the three previous technological
revolutions by its combination of different emerging technologies in the physical, digital,
and biological domains (Lindner et al., 2018)—also called “technological innovations
related to digitalization” (Bootz, Michel, Pallud, & Monti, 2022]—as well as its potential
to integrate humans, machines, and objects across the whole value chain (Schwab,
2016). Hence, literature presents Industry 4.0 mainly from a techno-optimistic and
techno-utopian perspective (Hirsch-Kreinsen, Ittermann, & Niehaus, 2018). From this
viewpoint, Industry 4.0 consists in a new way of organizing the means of production,
characterized by greater adaptability to client needs by means of a flexible and modular
production floor as well as connected devices which operate autonomously in real time
and make decisions based on data (Julien & Martin, 2021; Kohler & Weisz, 2016) and
interconnected platforms frequently grouped under the terms Internet of Things (loT)
as well as cyber-physical systems (CPS) (Kagermann et al., 2013).

Despite the abundant tech-oriented literature, critical voices raise concern that
Industry 4.0 represents a current “hype” (Pfeiffer, 2017), pushed by interest-driven
opinion polls (e.g., by consulting firms) (Mertens, Barbian, & Baier, 2017), which has
resulted in a highly scattered and fragmented literature (Meindl, Ayala, Medonca, &
Frank, 2021) and insufficient cumulative and interdisciplinary research (Mertens et al.,
2017). Most importantly for our study, empirical evidence from management is still
rather scarce or largely influenced by insights from manufacturing (Agostini & Filippini,
2019). Notably, there is currently a lack of studies considering fundamental human-cen-
tered aspects—especially social and interpersonal practices such as intergenerational
knowledge transmission—as is often the case when the fascination for technology is
dominating the public debate (Hirsch-Kreinsen et al., 2018).

Human-centered considerations of Industry 4.0 and their link

to intergenerational knowledge transmission

While a techno-utopian view on Industry 4.0 is prevailing in the literature, the role of
human workers remains a major concern for management scholars. Three aspects
which are widely discussed in this regard point towards a strong and relevant link to
research on intergenerational knowledge transmission: the future of human skills,
human-machine interactions, and worker empowerment.

First, “human-centered” research is often confined to controversies about the “future
of work” (Trompisch, 2017) and the “future of employment” (Frey & Osborne, 2017). While
some studies predict a general process of upskilling, others warn of a polarization in
high-qualified and low-qualified jobs (Hirsch-Kreinsen et al., 2018). Second, human workers
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are part of considerations on future human-machine interaction. The central propagated
idea is that humans and technology must work in complementarity, meaning that tasks
are allocated either to workers or machines, depending on their strengths and weaknesses
(Kopp, Dhondt, Hirsch-Kreinsen, Kohlgriiber, & Preenen, 2019). From this perspective,
the human worker is expected to supervise and behave correctly and rapidly in any
unforeseen situation (Pacaux-Lemoine, Trentesaux, Zambrano, & Millot, 2017), which
leads to rising expectations for “augmented humans” (Julien & Martin, 2021). A third
aspect addresses the future opportunities of greater employee empowerment, responsibility,
and participative work designs (Kagermann et al., 2013; Kopp et al.,, 2019) and therefore
potential agentic elements. For example, scholars discuss new organizational forms like
swarm organizations and decentralized work designs (Franken & Franken, 2018) or dis-
location of decision-making power from management to employees (Kopp et al., 2019).

Interestingly, these three aspects related to KM have not yet been empirically inves-
tigated from a perspective focusing on generations, although they are likely to concern
aspirants, apprentices, entrants, junior, middle-aged, and senior workers alike. First
theoretical reflections linking Industry 4.0 and generations exist: With new opportunities
for human-machine interaction, competency development and longer working lives due
to flexible career designs, scholars present Industry 4.0 as one possible response to
the demographic change in Germany (Kagermann et al., 2013). From a sociologist
perspective, Pfeiffer (2016; 2017) observes the increasing role of human expertise which
is accumulated over the years and therefore involves several generations. We claim
that a stronger link between this kind of research and the literature of KM and inter-
generational knowledge transmission offers an essential opportunity to strengthen the
human-centered perspective on Industry 4.0.

Fueled by these reflections, a stronger human-centered orientation on Industry 4.0
in management research is indispensable to stimulate a scientific debate which is not
limited to the effects of technological objects but does justice to sociological dynamics
in modern organizations in all its facets.

The Field of knowledge management and its evolution

The field of KM has emerged in the mid-1990s in the context of the “knowledge economy”
(Foray, 2009) which is based on the neo-economic idea that knowledge is the principal
source of value creation (Easterby-Smith & Lyles, 2011). Since then, KM has become
polyphonic since it regroups a variety of approaches and perspectives (Baskerville &
Dulipovici, 2006}, such as the resource-based view (Kogut & Zander, 1992; Prahalad &
Hamel, 1990}, or the social anthropology of learning (Brown & Duguid, 1991; Lave & Wenger,
1991). One major premise of existing theoretical foundations is that people in organizations
are human carriers of knowledge which can manifest itself in different forms (Nonaka &
Takeuchi, 1995). Notably, scholars agree that KM cannot be limited to explicit, formalized
knowledge but has to be studied in combination with tacit, implicit, and experiential
knowledge (Foray, 2009; Polanyi, 1967). While explicit knowledge can be transferred from
one person to another, tacit knowledge is based on very individual experiences and con-
textual factors, and thus anchored in the memory of actors (Tsoukas & Vladimirou, 2001).
Inthe same vein, KM researchers have been concerned very early on with the reconciliation
of the technological means to capture explicit knowledge and its human dimension which
is “deeply social in nature” (Thomas, Kellogg, & Erickson, 2001, p. 881).

Intergenerational knowledge transmission seen from a human-centered
knowledge management perspective

As part of the KM field, research on intergenerational knowledge transmission has also
inherited a polyphonic character. The focus on generations and their knowledge emerged
progressively since the early 2000s, due to a managerial challenge: the so-called
“baby-boomers” were close to retirement, calling for measures to transfer their knowledge
to younger workers to prevent knowledge loss (De Long & Davenport, 2003). As a response
to this organizational challenge, technology-centered approaches on the subject, focusing
on knowledge preservation and capitalization—notably through information systems
(Ermine, 2010; Levy, 2011) and rooted in the technological perspective on KM (Mitchell,
2007)—dominated scholarly work in the first decade of this millennium. While recognizing
the strengths of such a perspective, several scholars however advocated a human-centered
perspective and highlighted the flaws of techno-centered studies, such as an insufficient
focus on (seniors’) tacit knowledge (Ebrahimi, Saives, & Holford, 2008), the need to
concentrate on social factors such as generational relations (Joshi, Dencker, Franz, &
Martocchio, 2010; North & Fiske, 2015), cultural particularities (Kuyken, Ebrahimi, &
Saives, 2018) and on the collective at work rather than on individual interaction with
information systems (Schmidt & Mihlfeld, 2017). This body of literature picks up the
social anthropology perspective of KM which had already provided key reflections on
generations and their knowledge in the early 1990s. Scholars argued that generational
and situated knowledge is shared through communities of practice (CoPs) which represent
social learning spaces (Brown & Duguid, 1991; Lave & Wenger, 1991). In this perspective,
younger workers joining the organization can then share knowledge with their senior
colleagues through “legitimate peripheral participation” (Lave & Wenger, 1991).

When it comes to studying KM from this point of view, it should be noted that despite
the variation in the definitions of knowledge “transfer”, “sharing” and “transmission”,
these terms are frequently interchanged in extant literature (Harvey, 2012). The most
dominant view of intergenerational knowledge transmission implies a unidirectional
vision of the latter, where senior employees transfer their knowledge to their younger
colleagues (DeLong & Davenport, 2003; Levy, 2011). There is however a recent tendency
towards a bidirectional view which emerged based on Tempest’ view on reciprocal
intergenerational learning (2003), and in line with the increasing number of studies
adopting managerial and social perspectives. Scholars advocating this view take the
social context into consideration and portray intergenerational knowledge transmission
asafluid and reciprocal process (Gerpott, Lehmann-Willenbrock, & Voelpel, 2017; Kuyken
etal., 2018). Acknowledging this more dynamic view, we prefer using the term of inter-
generational knowledge transmission which is, therefore, defined as a dynamic and
interactive process of mutually sharing tacit and explicit knowledge between two or more
individuals of different generations (Kuyken et al., 2018). Research rooted in such per-
spective has led to several contributions: A first notable contribution is a deeper under-
standing of generations’ tacit knowledge (Ebrahimi et al., 2008; Leonard & Swap, 2005;
Nonaka & Toyama, 2007). Furthermore, scholars have identified shared knowledge forms
(Gerpottetal., 2017), team dynamics (Gerpott & Fasbender, 2020) and challenges (Schmidt
& Miihlfeld, 2017), and developed a taxonomy of intergenerational knowledge transmission
practices, including mentoring, expert interviews and multi-generational training (Kuyken
etal., 2018). Despite the contributions this bidirectional perspective on intergenerational
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knowledge transmission has offered, further research is needed (Gerpott et al., 2017).
According to Rondi and colleagues (2021), the view on intergenerational knowledge
transmission is still oversimplified, especially given the digital transformation of organ-
izations. The present endeavor aims to contribute to this stream of research.

Methodology

We conducted a narrative literature review on the managerial aspects of Industry 4.0
to provide an overview of the major tendencies of the intersection of the two research
fields. Given the scarcity and fragmentation across research fields of the emerging
literature on Industry 4.0 adopting a human-centered perspective (Agostini & Filippini,
2019; Meindl et al., 2021) as well as the absence of research grounded in the generations’
literature, a narrative literature review appears to be an appropriate methodological
approach for our study. It can be defined as “comprehensive narrative syntheses of
previously published information” (Green, Johnson, & Adams, 2006, p. 103) and tends
to focus on general debates in the literature (Ferrari, 2015) with the goal to offer an
understanding of existing work, potential gaps and future perspectives and research
avenues on a specific research topic (Cronin, Ryan, & Coughlan, 2008; Frank & Hatak,
2014). Hence, the goal is not to provide an exhaustive account of the state of the art on
the managerial considerations around Industry 4.0, nor to seek any generalization on
the management literature on Industry 4.0 (Paré, Trudel, Jaana, & Kitsiou, 2015; Tranfield,
Denyer, & Smart, 2003]). Moreover, to counter steer potential researcher confirmation
bias (Green et al., 2006) and the reproach of lacking “critical appraisal” (Frank & Hatak,
2014), we point to the shortcomings, weaknesses, and discrepancies of the existent
literature body (Paré et al., 2005). This critical and reflective stance allowed us to go
beyond a mere descriptive account of the selected literature (Tranfield et al., 2003) and
to identify critical conceptual elements which deserve a deeper theoretical reflection.

Finally, while most reviews in the management literature are narrative (Tranfield
et al.,, 2003}, it is a common practice for this type of review not to provide an explicit
definition of the review process (Paré et al., 2015). To add clarity to the methodological
reflections underlying the review (Ferrari, 2015) as well as to respond to the frequent
criticism of subjectivity (Paré et al., 2015) and the pejorative qualification of narrative
literature reviews as “unsystematic reviews” (Green et al., 2006}, we provide a detailed
and structured overview of our research process in Appendix A. This process consisted
of arigorous, long-term search over a period of eight months in 2021 during which both
authors regularly scanned the management literature on Industry 4.0 with a particular
focus on human-centered and KM-related elements. Given our interest in the human-cen-
tered perspective, we paid attention to broad keywords like “organizational impact”,
“knowledge management” as well as concepts related to KM like competencies, skills,
training, human factor, etc. Considering broad conceptual terms is a legitimate strategy
for narrative literature reviews to evaluate the validity of the research process (Frank
& Hatak, 2014). We first paid attention to the use of these keywords in the titles of the
selected texts before we read the abstracts in detail. As a last step to determine if the
paper could be considered as human-centered, we scanned the literature review as well
as the results and the discussion sections to identify its conceptual focus and contribution.
After having applied different selection and exclusion criteria (see Appendix A}, a total
of 36 texts (papers, books, book chapters, conference proceedings, reports) was selected

and analyzed regarding emerging managerial considerations for KM and intergenerational
knowledge transmission in the context of Industry 4.0. To live up to the claim that the
review is an “integrative endeavo[ulr” (Frank & Hatak, 2014, p. 111) showing how the
selected pieces of the literature fit together, we synthesize in the next section the main
results of the selected texts with a particular focus on Industry 4.0 and KM.

Findings
Linking managerial considerations of Industry 4.0 to intergenerational

knowledge transmission

Four main conceptual facets emerged from the selected literature, illustrating how
Industry 4.0 is understood and conceptualized from a managerial perspective. Those
are (1) Visionary paradigm; (2] Digitalization of the industry; (3) Interconnected networks;
(4) Control by smart and autonomous devices. We first present each facet going from
the most (1) to the least (4) general facet before we outline aspects related to KM which
are highlighted in the analyzed literature.

Facet 1: Visionary paradigm

Facet 1 represents the overall meaning of Industry 4.0 used by both its proponents and
critics. Most of the analyzed texts view Industry 4.0 as a vision and paradigm, implying
that it is not yet part of the organizational reality but rather a way of thinking about the
future. The authors speak of a “new productive paradigm” (Foresti & Varvakis, 2018),
“data-driven paradigm” (Capestro & Kinkel, 2020) or even a “paradigm shift” (Flores,
Xu, & Lu, 2020; Kagermann et al., 2013). In the same vein, other scholars point to a
“future project” (Wilkesmann & Wilkesmann, 2018), a “vision of the future” (Calil Duman
& Akdemir, 2021) as well as a “technological ambition” and “new industrial imagination”
(Kohler & Weisz, 2016).

Implications for KM. If Industry 4.0 is really going to introduce a “paradigmatic shift”
in contemporary organizations, the latter must rely on employees who are able to see
the “big picture” (Karacay, 2018). This vision can be developed through (1) creating
learning opportunities which are separated from the core business (Schneider, 2018),
such as learning factories (Abele, Metternich, & Tisch, 2019; Schallock, Rybski, Jochem,
& Kohl, 2018) or scenario-based learning activities (Erol, Jager, Hold, Ott, & Sihn, 2016),
and (2} involving employees in the design, development and implementation processes
of new technologies (Trompisch, 2017). Moreover, organizations seek to integrate a wide
spectrum of different types of human knowledge, leading to a higher complexity (Harteis
& Fischer, 2017; Prifti, Knigge, Kienegger, & Krcmar, 2017) and broader scope of tasks
(Agostini & Filippini, 2019; Schneider, 2018) and therefore to increasing requirements
regarding human knowledge (Kagermann et al., 2013; Karacay, 2018). More precisely,
the demands on workers for continuous learning (Flores et al., 2020), lifelong learning
(Prifti etal., 2017; Thornley, Carcary, Connolly, O'Duffy, & Pierce, 2016), interdisciplinary
learning (Karacay, 2018; Trompisch, 2017) as well as discarding obsolete knowledge
(Ansari, 2019) are very high. What is more, scholars argue that current employees need
to be reskilled while younger generations need to be prepared for the changing skill
requirements (Karacay, 2018). Experts who can manage critical incidents (Harteis
&Fischer, 2017; Maier & Reimer, 2018) and solve problems (Kohler & Weisz, 2016;
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Prifti etal., 2017)—especially ad hoc (Agostini & Filippini, 2019)—are arguably of central
importance for realizing the vision of Industry 4.0 (Pfeiffer & Suphan, 2018).

Facet 2: Digitalization of industry

Industry 4.0 is mainly discussed as a new combination of the traditional sector of manu-
facturing and information and communication technology (ICT), for example by describing
it as the “merge of the production with the ICT” (Foresti & Varvakis, 2018) or the “marriage
between mechanical industry and the Internet” (Kohler & Weisz, 2017), the “digitalization
of the manufacturing sector” (Capestro & Kinkel, 2020) or similar other terms (Calil
Duman & Akdemir, 2021; Erol et al,, 2016; Roblek, Megko, & Krapez, 2016; Schneider, 2018).
Two technologies are seen as two main drivers of Industry 4.0 (Abele et al,, 2019; Sopadang,
Chonsawat, & Ramingwong, 2020): cyber-physical systems (CPS] (e.g., Harteis & Fischer,
2017; Kohler & Weisz, 2017; Meindl et al., 2021; Prifti et al,, 2017; Roblek et al., 2016; Shamim,
Cang, Yu, & Li, 2017] and the Internet of Things (loT) (Agostini & Filippini, 2019; Capestro
& Kinkel, 2020; Erol et al,, 2016; Pfeiffer, 2017; Scheer, 2020). CPS are production systems
connected to the Internet and able to communicate with each other (Scheer, 2020) while
loT refers to the connection between physical devices and digital components (Capestro
& Kinkel, 2020). Interestingly, artificial intelligence (Al] is only mentioned in two of the
selected texts (Abele et al.,, 2019; Wilkesmann & Wilkesmann, 2018).

Implications for KM. Industry 4.0 is understood as a “subclass of digital transformation”
(Shamim et al., 2017) with a focus on factories (Scheer, 2020). The attention to specific
technologies (CPS, loT) over others (Al) is likely to have significant consequences for
humans’ work with technology, such as a greater emphasis on knowledge about the
shopfloor, for example (technical] expertise about production systems (Abele et al.,, 2019).
In addition, the flexibility and agility introduced by new technologies like CPS and loT
expose production workers to a constant and rapid rotation of tasks (Abele et al., 2019;
Flores et al., 2020; Franken & Franken, 2018; Kohler & Weisz, 2016; Wilkesmann &
Wilkesmann, 2018) and the need to multitask (Shamim et al., 2017). Consequently, scholars
highlight an increased responsibility and autonomy of employees (Agostini & Filippini,
2019; Erol et al., 2016; Franken & Franken, 2018) which is also delegated to lower hier-
archical levels (Kopp et al.,, 2019; Shamim et al., 2017; Trompisch, 2017; Wilkesmann &
Wilkesmann, 2018). Hence employees acquire new knowledge more autonomously
(Harteis & Fischer, 2017; Kopp et al., 2019], but also in shorter time periods (llvonen,
Thalmann, Manhart, & Sillaber, 2019) and more rapidly (Abele et al., 2019; Roblek et al.,
2016). Managers, in turn, are to promote practices such as continuous mentoring,
consulting, delegation or role modeling (Franken & Franken, 2018; Shamim et al., 2017).

Facet 3: Interconnected networks

The third facet adds another layer of complexity. Supported by new technologies, it is
argued that Industry 4.0 leads to a “ubiquitous connectivity and tracking” (Whysall,
Owtram, & Brittain, 2019) of an array of “entities involved in the value creation” (Wilkes-
mann & Wilkesmann, 2018, p. 240) (machines, humans such as workers, suppliers and
clients, technology, organizations, knowledge etc.) (Franken & Franken, 2018; Whysall
et al., 2019)—also referred to as “value (creation) networks” (Kagermann et al., 2013;
Schneider, 2018) or “intelligent networks along the entire value chain” [Agostini & Filippini,
2019]). As such, Industry 4.0 is discussed as a “new type of networked value chain”
(Capestro & Kinkel, 2020) and a “factory with networked equipment” (Abele et al., 2019).

Implications for KM. These interconnections lead to new dynamics of human-machine
interaction (Johansson, Abrahamsson, Bergvall Kareborn, Faltholm, Grane, & Wykowska,
2017; Kagermann et al., 2013; Kopp et al., 2019; Pfeiffer, 2017), allowing employees to
learn how to use these new technological devices. The question is whether humans can
and must stay in control by the means of their “practical knowledge” and their “hetero-
geneous levels of experience” (Kopp et al., 2019) or if technology might bind and therefore
inhibit human interaction (Ansari, 2019; Schwab, 2016). Supporting the perspective of
human control over technology, KM scholars recognize the importance of integrating
explicit and tacit human knowledge in the networked environment (Johansson et al.,
2017). Expert knowledge is needed to interpret, apply, and make sense of the massive
amounts of data (Thornley et al., 2016) as well as to coordinate the workplace consisting
of physical and digital machines (Karacay, 2018), also called “digital thinking” (Capestro
& Kinkel, 2020; Roblek et al., 2016). Further, the interconnected organization offers a new
training environment where technologies like mixed-reality devices provide instant
feedback on human actions (Schneider, 2018). From a techno-critical standpoint, scholars
question however the superior status of employees over machines as well as the role of
humans as sole knowledge actors (Ansari, 2019; Roblek et al., 2016) when humans are
put on the same level as technological building blocks like machines, devices and systems,
thus merging into a “blended workforce” (Pfeiffer, 2017). Using technologies such as
smart glasses and tablets as intermediaries of social interactions (Schwab, 2016) might
lead to a loss of real human exchange (Foresti & Varvakis, 2018; Kohler & Weisz, 2016).

Facet 4: Control by smart and autonomous devices

The fourth and last facet demonstrates the fascination of the idea that 4.0-related
technologies can act “autonomously.” Such technologies (but also devices, factories,
etc.) arereferred to as “smart” (Ansari, 2019; Blanchet, 2016; Calil Duman & Akdemir,
2021; Capestro & Kinkel, 2020; Flores et al,, 2020; Kagermann et al., 2013; Roblek et al,,
2016; Schwab, 2016). A device is defined as “smart” if it carries properties like quality
and required production steps on a chip (Scheer, 2020) and can take decisions based on
data (Sopadang et al.,, 2020) and in real time (Wilkesmann & Wilkesmann, 2018). Hence,
this facet refers to technology which is self-organized (Scheer, 2020) and thus allegedly
“intelligent” (Agostini & Filippini, 2019; Kohler & Weisz, 2016). Due to its novelty and
disruptive character, the idea of a self-controlling factory is even described as “the most
important digital driver” (Scheer, 2020, p. 37) of Industry 4.0.

Implications for KM. The presence of decision-making algorithms (Franken & Franken,
2018) makes human experience merely an “interfering element” (Pfeiffer & Suphan,
2018) impacting humans’ future decision-making abilities. Due to the premise that
employees need decision support in the new highly complex work environment (Flores
etal., 2020; llvonen et al., 2018), human workers move from “doing” to “having it done”
(Blanchet, 2016), free of human fallibility (Johansson et al., 2017). Consequently, human
knowledge and especially long-term expertise risk being limited to situations of trouble-
shooting, resulting in the famous “ironies of automation”, a phenomenon frequently
associated with the context of Industry 4.0. Other authors are more optimistic in arguing
that human experience in the form of “experience-based knowledge work” is still needed
(Pfeiffer, 2016), for example for the maintenance of the loT or the monitoring of Al software
(Sergi, Popkova, Bogoviz, & Litvinova, 2019) or for managing unpredictable events
(Pfeiffer, 2016).
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Discussion

Our analysis led to three main contributions. The first contribution is to the field of KM
in general. Inspired by the four facets of Industry 4.0 which have emerged from the
narrative literature review, we laid out several implications for KM. In a next step and
based on these findings, we formulate and discuss implications of intergenerational
knowledge transmission for each facet. We highlight generational considerations in
organizational contexts increasingly dominated by technology and point towards emerging
intergenerational knowledge transmission practices in the Industry 4.0 context. Figure 1
presents the linkages between the four facets, the implications for KM and the new
practices of intergenerational knowledge transmission. Insights on organizational
examples for each facet are presented in Appendix B.

FIGURE 1

Facets of Industry 4.0 and implications for intergenerational
knowledge transmission
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Implications and considerations for intergenerational knowledge transmission

Continuous and personalized intergenerational knowledge co-construction
(Facet 1)

The implications of Facet 1 for intergenerational knowledge transmission can be
summarized as intergenerational collaboration for knowledge co-construction, multi-
generational teams and personalized practices. The analysis of the human-centered
literature on Industry 4.0 suggests that the concept has still to materialize and remains
until then a paradigmatic vision. If this vision is to be realized, though, organizations
need to engage in a deep preparation process. For KM, this means that the adaptation
requirements for human workers are high and complex. Intergenerational collaboration
is likely to be an organizational priority for fostering knowledge co-construction in the
preparation phase. Indeed, matching the discussion in literature on Industry 4.0, the
literature on intergenerational knowledge transmission progressively highlights the
importance of new learning forms to prepare employees for the future work environment.
While scholars have already highlighted the importance of age-diverse teams due to
the generations’ complementary knowledge (Kearney, Gebert, & Voelpel, 2009), several
more recent studies focused on intergenerational learning in teams (Gerpott et al., 2017;
Gerpott, Lehmann-Willenbrock, Wenzel, & Voelpel, 2021). Hence, implementing the
visionary paradigm of Industry 4.0 leads to rethinking the classical view of the inter-
generational dyad. Even though the number of studies on multigenerational teams and
collective learning experience is increasing, the literature on intergenerational knowledge
transmission currently lacks research which considers the interaction of these teams
with technology. It will notably be crucial to combine work on multigenerational teams
(Gerpott et al.,, 2021) with insights from studies in tech-intensive environments (Anthony,
2019; Beane, 2019). Expertise and the capacity of problem solving are also discussed
in the literature on intergenerational knowledge transmission. Seniors who have
accumulated knowledge over the years and developed experience are described as
“deep smarts” (Leonard & Swap, 2005). Their knowledge is called phronesis—a form of
tacit knowledge described as practical wisdom (Nonaka & Toyama, 2007)—and might
be of central importance when paving the way for Industry 4.0. Further, a shift away
from content-based intergenerational knowledge transmission (e.qg., expertinterviews)
towards personalized practices such as mentoring or counseling could accompany the
paradigmatic change discussed in the literature on Industry 4.0. Despite the potential
benefits of innovative KM techniques like communities of practices or world cafés,
organizations might have to deal with skepticism among managers—even the younger
ones—regarding novel and more personalized practices (Maier & Reimer, 2018).

Generational mutuality and continuity (Facet 2)

Facet 2 leads to generational mutuality, bi- and multi-directional knowledge flows
between generations and continuous knowledge acquisition and collective unlearning.
Our findings indicate that Industry 4.0 is mostly concerned with profound changes in
the manufacturing industries where it creates—from a KM perspective—an autonomous
and high-speed work environment. High expectations and requirements in terms of
knowledge acquisition are imposed on employees of all hierarchical levels. From the
perspective of intergenerational knowledge transmission, the continuous integration
of new knowledge matches the ongoing scholarly discussion on bi- and multidirectional
knowledge flows between generations. Several studies point to the need of knowledge
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transmission from younger to older workers—for example, through reverse mentoring
(Marcinkus Murphy, 2012) or intergenerational learning (Gerpott et al., 2017; Knight,
Skouteris, Hooley, & Townsend, 2014). In this sense, Simola (2016) introduced the concept
of mutuality without hierarchical relations between generations but the interchange
between novices and more experienced workers (p. 348). The digital context makes
intergenerational collaboration in the context of new technologies and situations crucial
(Sestakova, 2019), leading to a “generational metamorphosis” which involves “swinging
in apprenticeship where generations either act as teachers or learners” (Rondi,
Uberbacher, Von Schlenk Barnsdorf, & Hiilsbeck, 2021, p. 1). Intergenerational knowledge
transmission then acts as an important base for innovation and change (Rondi et al.,
2021; Woodfield & Husted, 2017), rather than preserving the knowledge base from the
past (Priigl & Spitzley, 2021) or strengthening routine (Rondi et al., 2021). Further, the
traditional conceptualization of mentoring based on a single dyadic relationship has
become obsolete and replaced by a career related developmental network perspective
(Higgins & Kram, 2001), often preferred by younger workers (Andriani, Christiandy,
Wiratmadja, & Sunaryo, 2022).

The idea of younger workers transferring their knowledge to their senior colleagues
also becomes essential. Despite the presence of research on practices such as reverse
transmission, we notice a lack of critical research exploring the risks which can emerge
alongside a strong tech-fascination and therefore a disbalanced focus on younger
workers and their knowledge. Further, rather than storing knowledge in IT systems or
archives, organizational knowledge bases need to be continuously renewed. However,
the importance of discarding obsolete knowledge and unlearning—largely discussed
in the KM literature (e.g., Becker, 2018)—is not explicitly mentioned by scholars studying
intergenerational knowledge transmission. Unlearning may be especially challenging
for employees with rich tacit knowledge, specific expertise, and experience, and can be
inhibited by the organizational memory built on old knowledge and routines (Becker,
2018). From a generational perspective, one major assumption is that seniors are dis-
proportionally affected by the challenges of unlearning. Continuous experimentation
and collective unlearning which lead to joint new understandings can help to overcome
such challenges (Fiol & O'Connor, 2017).

Technology as facilitator or risk factor for intergenerational knowledge
transmission (Facet 3)

When considering Facet 3, we see new forms of intergenerational knowledge transmission
and learning with technological intermediaries emerge, where technology can act as
leverage or inhibitor. The results of the narrative review point to a trend in which new
technologies are connected to other objects and subjects along the value chain. Close
human-machine interaction could be the essential consequence for KM, for example by
using virtual reality like smart glasses. A scarce number of empirical studies explore
new forms of intergenerational knowledge transmission by means of technological
intermediaries. Notably, Schlegel and colleagues (2021) document an exploratory
intergenerational learning experiment using virtual reality and point out that the experience
is mostly perceived as positive rather than as cognitively overwhelming, thus enhancing
and leveraging knowledge transmission to novices. Despite this empirical evidence, the
risks of human-machine collaboration for intergenerational knowledge transmission
cannot be ignored. Anthony (2021) found that both junior and senior workers had a limited

understanding of algorithms they were meant to use. One reason for this “black boxing”
was that the algorithm’s use led to a partitioning of work tasks, with juniors only executing
the algorithm (without any critical analysis) and seniors merely interpreting the results
(without any technological understanding). By intruding elementary work practices,
technologies can change organizational structures of work, leading to the emergence
of practices like clandestine teaching [i.e., giving advice without affronting the existing
status system) and role reversal (Barley, 1986). Indeed, Beane (2019) found a new sub-
versive and informal form of “shadow learning” which is experienced by younger surgeons
using robotic technology. The practice of shadow learning limits them in their capacity
to participate in their mentor’s work and to engage in traditional knowledge transmission
through direct observation and targeted learning practices. Seen from a commun-
ities-of-practice perspective, the use of new technologies inhibits legitimized peripheral
participation, thus questioning the benefits of interconnected networks and value chains
for the transmission of knowledge from one generation to another.

Considerations about sharing and losing [senior) tacit knowledge (Facet 4)
From a KM viewpoint, our analysis shows that industry applications for Industry 4.0
adhere to the ideal that “smart” and “intelligent” devices become the principal deci-
sion-makers on the shop floor. In a situation where humans are merely responsible for
troubleshooting, the challenge of preserving tacit knowledge, as it has been discussed
in various KM studies, is likely to experience a revival. When managerial practices are
very technology-based, for example by capturing knowledge in IT systems, the danger
of losing such valuable knowledge is high (McNichols, 2010). This risk is exacerbated
when using algorithms or related technologies (Dragicevic, Ullrich, Tsui, & Gronau,
2020; Faraj, Pachidi, & Sayegh, 2018; Holford, 2020). A key consideration for intergener-
ational knowledge transmission in this regard is the role of seniors’ tacit knowledge.
Taking the power of smart technologies seriously, the sensory experience of older
workers might decrease in organizational importance. It must however be noted that
tacit knowledge of seniors is highly important for organizations, especially in technol-
ogy-intensive industries such as aerospace (Ebrahimi et al., 2008; McNichols, 2010). To
compensate for potential losses, scholars emphasize the need for managerial practices
such as mentoring or shadowing where the transmission of tacit knowledge is facilitated
through trust relationships and observation (Kuyken et al., 2018). Having said this,
organizations—but also KM scholars—will have to deal with a highly ambiguous work
environment which is, on the one hand, hostile to (seniors’) tacit knowledge, but conscious
about the value of routine-based expertise on the other (Pfeiffer & Suphan, 2018).

A human-centered definition of Industry 4.0

In addition to our contribution to the fields of intergenerational knowledge transmission
and KM, our paper contributes to the literature on Industry 4.0 with the formulation of
anew, human-focused definition of the term. As highlighted earlier, a greater academic
spotlight on the sociological dynamics in modern organizations which are emerging due
to accelerated technological change is required. While a human-centered understanding
of Industry 4.0 is partially available, a refined and focused definition can guide KM
research as it explores its role in the 21t century. Based on previous reflections and
following the call of Piccarozzi and colleagues (2018) that a distinct conception of
Industry 4.0 in management studies is needed, we propose the following human-centered
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definition of Industry 4.0: Industry 4.0 represents the prospect of an industrial workplace
which is characterized by the increasingly combined use of different emerging and existing
technologies, unsettling organizationally well-established conventions and practices regarding
human knowledge and generation-specific expertise.

Avenues for future research

Our contributions to the literature on KM and intergenerational knowledge transmission
also lead to identifying different research gaps and avenues for future research in the
era of Industry 4.0. Our analysis revealed that some key aspects of the two literature
streams relevant in the context of Industry 4.0 are not studied at all or remain at least
underexplored. Table 1 provides a summary of selected questions which may inspire
management scholars eager to push forward academic work at the intersection of KM,
intergenerational knowledge transmission and Industry 4.0.

TABLE 1
Questions for future research on intergenerational knowledge

transmission in the context of Industry 4.0

Research questions

Facet 1: - How can generations learn together to acquire new theoretical knowledge?
Visionary paradigm - How does experience (and therefore knowledge) develop within a group?

- Which individualized practices of intergenerational knowledge
transmission are relevant in the context of Industry 4.0 and how can
management support them?

Facet 2: Digitalization | - What are the effects on seniors and their knowledge sharing behavior

of the industry when organizations strongly encourage knowledge transmission from
younger to senior workers?

- What are downsides of the decomposition of the classical intergenerational
dyad?

- Which dysfunctional intergenerational relationships and new power
dynamics can occur in the era of Industry 4.07

- How do generations deal with obsolete knowledge when building collective
expertise in the context of Industry 4.07

- Which situations of collective (un]learning are crucial for intergenerational
knowledge transmission?

Facet 3: - What are new work situations, role attributions, practices, possibilities,
Interconnected and challenges for intergenerational knowledge transmission when
networks interacting with machinery?
- Which patterns of human-machine interaction (don’t] foster
intergenerational knowledge transmission?
Facet 4: Control - How can seniors’ tacit knowledge be shared in the context of Industry 4.0?
by smart and - Which challenges arise, and how can the risks of losing valuable tacit

autonomous devices knowledge be reduced or eliminated?

Conclusion

Based on the findings and contributions of our analysis, the implications of Industry 4.0
on intergenerational knowledge transmission can be summarized as follows: inter-
generational knowledge transmission has shifted in its orientation (from one-directional
to co-constructive), in its form (from dyad-based practices to multi-relational knowledge
transmission), as well as in its degree of standardization (from organizational standards
to the individualization of practices) and has led to several risks and considerations,
especially when it comes to sharing tacit knowledge. Despite the possible limitations
of this study (e.qg., scope of included papers), our research shows the importance and
promising character of further research on intergenerational knowledge transmission.
We invite practitioners to move away from the classical paradigm of intergenerational
knowledge transmission, and to conceive new—co-constructive, collective, and indi-
vidualized—practices instead.
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APPENDIX A

Research process

SEARCH PROCESS

» Time period: January 2021 - August 2021
* Long-term search process in the management literature on 14.0

» Keywords: “Industry 4.0”, “Fourth Industrial Revolution”

SEARCH THEMES

* Research focusing on a human-centered perspective
* Organizational and managerial impact of 14.0
* Studies linking 14.0 to KM-related elements

» Time span: 2016 - 2021

INCLUSION CRITERIA

» Languages: English, French, German

EXCLUSION CRITERIA

» Papers reviewing the concept of Industry

FINAL SELECTION

ANALYSIS

* Total of 36 papers
« Empirical research: 8 papers (4 quantitative/mixed; 4 qualitative)
« Conceptual/theoretical approach: 28 papers

+ 2016: “Fourth Industrial Revolution” as key topic of the World Economic Forum
* Only pioneering work considered before 2016: Kagermann et al. (2013)

» Types of publications: research articles, books, book chapters, conference proceedings, practitioner texts

» Papers referring to “digital transformation”, “digital shift”, “digitalization”

« Creation of a table with the following items: author(s) and year, type of publication, definition of 4.0,
organizational and managerial considerations, new evidence for the human-centered perspective
» Analysis and comparison of the emerging aspects across the selected literature body
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APPENDIX B
Insights on the implications of Industry 4.0 for intergenerational knowledge transmission

INSIGHT 1. Employee empowerment as a first step towards the realization of Industry 4.0

In the German company Giinter Effgen GmbH, a systems provider for grinding, the implication, understanding and acceptance of the employees has been a priority for the transition
to Industry 4.0 from the very beginning. After a staff meeting during which the opportunities of Industry 4.0 were presented, the management developed a digital strategy following
a participative process involving representatives of the company’s central divisions (Bosse, Hellge, & Schroder, 2019). From the perspective of intergenerational knowledge transmission,
this means that new intergenerational, less hierarchically bound work situations and practices are emerging which might potentially create tensions and challenges for organizations.

INSIGHT 2. “Closing the knowledge gap” through reverse mentoring

In order to master the digital transformation, the French manufacturing company Vallourec, specialized in the fabrication of seamless steel tubes for the gas and oil market, decided
to develop a reverse mentoring program (Vallourec, 2019). The reverse mentoring allowed to create regular trainings on digital and collaborative tools as well as on very technical
topics like Big Data, 56, artificial intelligence and Industry 4.0. In a similar vein, Roche, a biotech company based in Switzerland, launched a range of age-related initiatives, among
them a reverse mentoring program. By teaching technological skills to seniors and business strategies to juniors, the program aims at “closing the knowledge gap” (Roche, 2018).

INSIGHT 3. A new human learning experience through the interconnection of virtual and real worlds

The German car manufacturer Porsche is currently using smart glasses even as a direct intermediary between human workers (Porsche, 2020). In case of critical troubleshooting,
the augmented reality device allows technicians to connect with experts located elsewhere. Instead of error-prone exchanges or inefficient phone calls, the technician can take
screenshots and send instructions in real-time. In addition to an increasing number of solutions and experiments in organizational practice, new research projects covering
generational issues are being created. For instance, three universities and eight SMEs from the metal processing industry from the North-Eastern part of Germany launched a
project called “KGSTE” which aims at experimenting with new digital methods (e.g., virtual 3D glasses] to capture and transfer valuable knowledge from retiring experts (IDW, 2021).

INSIGHT 4. Intelligent machines mastered with(out) human knowledge?

Traditionally, the only way to prevent energy waste in air compression systems was to inspect and maintain them manually. In order to reduce efficiency losses, however, companies
can now rely on technologies like EcoPlant, a software as a service solution (IBM, 2019). A variety of sensors and intelligent devices allows the technology to collect relevant data
from the compressors which is then processed and analyzed by an algorithm. Two options are then conceivable: 1) If human intervention is needed, the system sends a message
with recommendations and suggestions for error handling to the responsible operations manager who is then in charge of the final maintenance procedure; 2) The technology runs
in automatic mode which allows the system to take decisions and to control the equipment autonomously. For example, it can automatically close valves of a problematic compressor,
without asking for human interference. From a generational perspective, such smart technology requires a rethinking of human roles at work, notably those of seniors. While the
first option valorizes senior’s expertise in decision-making, the second one shifts formerly experience-based actions and practices to intelligent machines.
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