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Abstract
Digitalization exerts a strong influence on society, businesses, and consequently also human
labor. Human capital as such is not shielded from the impact of digital technologies anymore
but suffers and simultaneously also benefits from newly arising possibilities. Nevertheless,
digital innovations and their ever-growing importance are summarized with the concise
notions of digitization, digitalization, and digital transformation joint with the obscure and
universal conception of digital technologies. These terminologies are neither consistently
defined nor uniformly understood. In general, the literature indicates that digitization is
concerned with the pure conversion of analog information into digital formats, digitalization
describes the usage and adoption of those digital formats, and digital transformation covers
the all-embracing process from analog to digital. Digital technologies can be further divided
into digital artifacts, digital platforms, and digital infrastructure, which are reflected as digital
formats in the process of digital transformation. According to the requirements of nominal
and meaningful theory concepts, this paper provides a detailed elaboration of the notions and
sub-themes which are mainly enlightened by information systems and business research.
Finally, a calculation proposal is presented with human capital as input in relation to the total
revenue generated which indicates the measurand of return on time invested, targeting a
reduction of human labor input to achieve a value increase. Complemented by a research
agenda, the overarching objective of the paper reveals the necessity of profound analysis to
quantify the impact of digital transformations on firms and human capital.
Keywords: Digitalization; Innovation; Labor; Measurement; Technologies.

1. Introduction
In current social sciences, digitalization poses the imperative of transdisciplinary research
(Legner et al., 2017), mainly overserved in information systems and business research. With
a special focus on firms, the former scientific discipline proposes to review a firm’s digital
transformation process across several functions to holistically understand its impact (Tarafdar
& Davison, 2018), while the latter emphasizes a transformation process consisting of three
different components: digitization, digitalization and ultimately digital transformation
(Verhoef et al., 2021). Business research furthermore focuses on the investigation of business
model digitalization through digitalization capabilities (Ritter & Pedersen, 2020). Even today,
the literature argues that managers are busy understanding how digitalization will affect
business but are also still incapable of profiting from it (Björkdahl, 2020). “To become
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digital, leaders must articulate a visionary digital value proposition. This value proposition
must reassess how digital technologies and information can enhance an organization’s
existing assets and capabilities to create new customer value.” (Ross, 2019, p.5). The sole
focus on converting analog information into digital formats is not materializing a technologydriven value-added (Kirchner et al., 2018), it is the business enabler (Ross, 2019). On the
contrary, literature also interprets the hardware and software of digital technologies as the
main effects (Vadana et al., 2020). The impact on firms can holistically also be considered
from three different angles: internal efficiency, external opportunities, and disruptive change
(Parviainen et al., 2017). Putting the focus on internal efficiency and human labor in
particular as well as work input, literature concerning labor market development presents the
routine-biased technical change (RBTC) hypothesis (Autor et al., 2003) which still reaches
out to current publications (Fernández-Macías & Bisello, 2020). The essence of this
hypothesis states the substitution of routine tasks by digital technologies, mainly performed
by middle-skilled labor, while high-skilled labor is complemented by its development.
Initially, low-skilled labor was deemed as shielded against digital technologies, but due to the
latest improvements of robots and artificial intelligence the RBTC hypothesis has changed,
emphasizing the impossibility of immunity and that new, even more productive tasks are
created for high-skilled labor (Acemoglu & Restrepo, 2018a, 2018b, 2019b). Therefore,
human labor as an input factor for work within the course of a firm’s digital transformation
experiences strong attention. Business research reveals a measurement proposal to enable
firms to reflect the value of human labor input: return on time invested (ROTI). Total revenue
(TR) divided by the number of employees, deemed as human labor input (𝐼𝐿 ) (McGrath &
McManus, 2020). It is assumed that the increased application of digital technologies
(digtech), reduces human labor resources.
𝑅𝑂𝑇𝐼 =

𝑇𝑅
𝐼𝐿

(1)

However, McGrath and McManus (2020) disregard the coefficient of time (t) by which the
invested time of human labor in relation to total revenue is calculated. Therefore, this paper
stresses criticism on the initial idea and proposes an adjustment of ROTI by defining 𝐼𝐿 as
𝐼𝐿 (𝑡) which reflects the working hours of the affected employees in a certain time period.
Based on the assumption that the displacement effect of digital technologies (Acemoglu &
Restrepo, 2018a, 2018b, 2019b, 2020) only substitutes single or multiple tasks, but not a fulltime equivalent employee, the remaining tasks need to be accumulated and distributed newly
across the remaining workforce. Consequently, the respective employees need to have the
required capabilities and skills to take over these tasks. It is important to emphasize, that the
proposal in this paper is hence focusing on single job types since cross-functional taskoverlaps can’t be covered due to missing employee skills. Ultimately, the corrected formula
also captures the job type (j).
𝑅𝑂𝑇𝐼(𝑡) =

𝑇𝑅(𝑡)
𝐼𝐿 (𝑡,𝑗)

(2)

ROTI manifests successful progress within the course of a digital transformation, if
𝑑𝑖𝑔𝑡𝑒𝑐ℎ(𝑡) < 𝑑𝑖𝑔𝑡𝑒𝑐ℎ(𝑡 + 1) while 𝐼𝐿 (𝑡, 𝑗) > 𝐼𝐿 (𝑡 + 1, 𝑗)
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(3)

Additionally, j implies the existence of delimitable tasks which can be replaced by digital
technologies while the remaining tasks can be newly distributed across the employees at j.
Therefore,
𝑗 = 𝑡𝑎𝑠𝑘𝑠𝑡1; 𝑡2; … ; 𝑡𝑥

(4)

while tasks need to be assigned to tasks that can be substituted by digital technologies
𝑡
(𝑡𝑎𝑠𝑘𝑠𝑑𝑖𝑔𝑡𝑒𝑐ℎ
𝑡1; 𝑡2; … ; 𝑡𝑥) and tasks that are shielded by this effect
𝑡
(𝑡𝑎𝑠𝑘𝑠𝑛𝑜𝑛−𝑑𝑖𝑔𝑡𝑒𝑐ℎ 𝑡1; 𝑡2; … ; 𝑡𝑥).
However, the conception of digitalization itself accompanies science and business already
since years (Stolterman & Croon Fors, 2004) by revealing an intense and steady impact on
firms, but the understanding of digitalization related terms still varies from source to source
(Harwardt, 2019). Therefore, the paper proposes a conceptual distinction between the
digitalization-related terms of digitization, digitalization itself, digital transformation and
unravels the term digital technologies. The objective covers an attempt of conceptual
clarification to uniformly determine arithmetical measurements such as ROTI. The remainder
of the paper is structured as follows: First, a literature analysis to conceptually distinguished
the terms, second, illuminating the notion of digital technologies, third, a conceptual proposal
about the impact of the notions compiled on human capital in the results, and fourth, a
research agenda suggesting advanced research in this field.

2. Method
The second section of the paper’s body describes the method, a literature review reflecting
the current scientific status quo which analyzes the most relevant scholars in this field.
Therefore, the paper is devoid of empirical data (Döring & Bortz, 2016), but combines
literature from the field of information and business research illuminating a lack of clarity
concerning digitalization-related terms and their impact on business efficiency research with
human labor and digital technologies as variable input factors for work.
2.1 Conceptualization of Digitalization-Related Terms
As presented in the introduction of the paper, digitalization is impacting society, our private
lives, and businesses, while the latter constantly follow the endeavors to keep up with the
volatile market economy (Legner et al., 2017). However, there is no common conceptual
distinction for the terminology digitalization (Botzkowski, 2018; Harwardt, 2019), especially
between digitalization and digital (Krickel, 2015; Ritter & Pedersen, 2020). Furthermore,
there is frequent confusion between digitalization and digitization as well as digital
transformation (Legner et al., 2017; Vial, 2019). For example, Parviainen et al. (2017) use
digitalization and digital transformation as a synonym. From technical perspective
digitization is the conversion from analog to digital data (Loebbecke, 2006; Loebbecke &
Picot, 2015; Negroponte, 1995) which Brynjolfsson and McAfee (2014) highlight in the
business and societal context as the headline of their fourth chapter in The Second Machine
Age: “The digitization of just about everything”. There is a clear conceptual clarification
required which is elaborated by the overview in table 1.
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Table 1: Literature Review of Digitalization-Related Terms
Digitalization
(Tilson et al., 2010,
p.749)
(Dougherty & Dunne,
2012, p.1467)
(Brennen & Kreiss, 2016,
p.6)
(Legner et al., 2017,
p.301)

„…a sociotechnical process of applying digitizing techniques to broader social and
institutional contexts that render digital technologies infrastructural.”
“Digitalization goes beyond the technical process of encoding information in digital format
and involves organizing new sociotechnical structures (e.g., science) with digitized artifacts.”
“to broadly refer to the structuring of many and diverse domains of social life around digital
communication and media infrastructures”
“While digitization puts emphasis on digital technologies, the term digitalization has been
coined to describe the manifold sociotechnical phenomena and processes of adopting and
using these technologies in broader individual, organizational, and societal contexts.”

Digitization
(BarNir et al., 2003,
p.792)
(Johnson & Bharadwaj,
2005, pp.3–4)
(Yoo et al., 2010, p.725)
(Tilson et al., 2010,
p.749)
(Loebbecke & Picot,
2015, p.149)
(Brennen & Kreiss, 2016,
p.1)
(Legner et al., 2017,
p.301)
(Ross, 2019, p.3)

“The transition from conducting business activities in a traditional manner to conducting
them in a digital form.”
“… creation of a technology-based capability to perform activities previously performed by
human capital as the digitization of firm capability.”
“… carrying out of new combinations of digital and physical components to produce novel
products.”
“… the process of converting analog signals into a digital form, and ultimately into binary
digits (bits).”
„… conversion of analog to digital information …”
“the technical process of converting streams of analog information into digital bits of 1s and
0s with discrete and discontinuous values.”
“Digitization dematerializes information and decouples information from physical carriers
and storage, transmission, and processing equipment.”
“Digitization involves standardizing business processes and is associated with cost cutting
and operational excellence.”

Digital Transformation
(Stolterman & Croon
Fors, 2004, p.689)
(Lucas et al., 2013, p.372)
(Matt et al., 2015, p.340)

(Demirkan et al., 2016,
p.14)

(Hess et al., 2016, p.124)

(Li et al., 2018, p.1130)

(Legner et al., 2017,
p.306)

(Vial, 2019, p.121)

“The digital transformation can be understood as the changes that the digital technology
causes or influences in all aspects of human life.”
“… a change precipitated by a transformational information technology”
“… digital transformation strategy is a blueprint that supports companies in governing the
transformations that arise owing to the integration of digital technologies, as well as in their
operations after a transformation. … use of technologies, changes in value creation,
structural changes, and ﬁnancial aspects.”
“Digital transformation is the profound and accelerating transformation of business
activities, processes, competencies, and models to fully leverage the changes and
opportunities brought by digital technologies and their impact across society in a strategic
and prioritized way.”
“Digital transformation is concerned with the changes digital technologies can bring about in
a company’s business model, which result in changed products or organizational structures
or in the automation of processes.”
“… digital transformation highlights the impact of IT on organizational structure, routines,
information ﬂow, and organizational capabilities to accommodate and adapt to IT. In this
sense, digital transformation emphasizes more the technological root of IT and the alignment
between IT and businesses.
“Digital transformation is the technology-induced change caused by digital business. It
embraces the necessary goal-oriented organizational, process, and technological
transformation necessary for organizations to succeed in the digital age. Digital
transformation requires organizations to understand how business models can be
implemented and how digitalization changes how organizations are managed.”
“a process that aims to improve an entity by triggering significant changes to its properties
through combinations of information, computing, communication, and connectivity
technologies”

Source: Own Illustration
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The literature review about the manifold conceptual definitions reveals that digitalization is
defined as a sociotechnical phenomenon or process (Dougherty & Dunne, 2012; Legner et al.,
2017; Tilson et al., 2010). It describes the adoption and usage of digital technologies in
different contexts socially, organizationally, and individually (Dougherty & Dunne, 2012;
Legner et al., 2017; Loebbecke & Picot, 2015). Whereas Brennen and Kreiss (2016) focus on
the structure of the social life around digital technologies, Tilson et al. (2010) omit the
application to the individual perspective.
From the technical perspective, digitization focuses on the transition or conversion of
analog to digital signals (Tilson et al., 2010) or information (Brennen & Kreiss, 2016;
Loebbecke, 2006). Emphasizing the business perspective, it is also understood as the digital
conversion of activities in a traditional manner (BarNir et al., 2003) and activities previously
performed by human labor (Johnson & Bharadwaj, 2005). Yoo et al. (2010) concentrate on
the combination of both, digital and physical components, to create novel products whereas
Legner et al. (2017) stress a decoupling and dematerialization of information. Furthermore,
the understanding also implies business process standardization accompanied by operational
excellence and cost-cutting effects (Ross, 2019), which also relates to efficiency increases.
The third conceptual dilution is caused by the term digital transformation. It comprises the
resulting alterations through digital technologies affecting all aspects of human life
(Stolterman & Croon Fors, 2004), society (Demirkan et al., 2016), organizational structures,
and value creation (Matt et al., 2015) as well as the transformation of business processes and
activities (Demirkan et al., 2016; Hess et al., 2016) including firm’s business models (Hess et
al., 2016). Legner et al. (2017) offer a vast scope of conceptual determinations within the
context of organizations. They underline the technology-induced change, the required success
in the digital era as well as the understanding of how organizations are managed. It is not
only a change but also opportunities arising (Demirkan et al., 2016). Li et al. (2018)
emphasize the impact of information technology on organizations accompanied by its
alignment with businesses functions whereas Lucas et al. (2013) argue solely a change
encompassed by digital technologies. Ultimately, Vial (2019) creates a definition derived out
of 23 unique definitions through grounded theory methodology. He however stresses that his
definition is “not organization-centric” (Vial, 2019, p.121).
The literature already proposes a relationship between the three synonymously-used
terminologies and determines them as single steps within the whole process to become digital
(Verhoef et al., 2021). However, the determination, scope, and application of digital
technologies still stay vague. Digitalization and digital transformation embrace the usage and
adoption of digital technologies (Demirkan et al., 2016; Hess et al., 2016; Legner et al., 2017;
Matt et al., 2015; Stolterman & Croon Fors, 2004) for which literature applies synonyms such
as digitizing techniques (Tilson et al., 2010) digitized artifacts (Dougherty & Dunne, 2012),
transformational information technology (Lucas et al., 2013) or information technology (Yoo,
2010; Yoo et al., 2010). The compilation of the conceptual variety of digital technology and
its synonyms reveals a broad set of different manifestations. Denner et al. (2018) furthermore
emphasize in their business process management research the lack of conciseness of the
terminology of digital technologies and propose to focus on the classiﬁcation of different
digital technologies. Vial (2019) supports this point of view and provides an intensive
literature analysis of digital technologies while disrupting the competitive landscape and
describing its nature. Furthermore, the distinction between digitization and digitalization is
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besides high focus in information systems research, also represented in recent marketing
scholars (Ramaswamy & Ozcan, 2018).
2.2 Conceptualization of Digital Technologies
Nambisan (2017) proposes the consideration of three different but connected elements:
digital artifacts, platforms, and infrastructure, which are components of a digital
transformation as such, illuminating subtleties of the conceptuality, in contrast to the sole
consideration of digital technologies.
Table 2: Unravelling Digital Technologies
Digital Technologies
(Legner et al., 2017,
p.306)
(Legner et al., 2017,
p.302)

“… social media, bigdata, the Internet of Things, mobile, computing, and cloud
computing …”
“… digital technologies complement and/or enrich existing products and services
and allow building entirely new business models.”

(Ross, 2019, p.3)

“powerful, accessible, and potentially game-changing technologies like social,
mobile, cloud analytics, internet of things, cognitive computing, and biometrics.”

(Ritter & Pedersen,
2020, p.181)

“Information technology uses binary digits, such that a digit can have a value of
either 0 or 1. When digits are used to represent data, the data become digitized. In
contrast, analog data are not available as strings of zeros and ones.”

Digital Artifacts
Ekbia (2009, p.2555)

“It has aspects that make it special—an active, immanent, unstable, and loosely
bounded entity that meaningfully constitutes, and is constituted by, its
environment. It is a quasi-object.”

Nambisan (2017,
p.1031) summarizes the
understandings of
Ekbia (2009) and
Kallinikos et al. (2013)

“ … a digital component, application, or media content that is part of a new product
(or service) and offers a speciﬁc functionality or value to the end-user.”

Digital Platforms
Tiwana et al. (2010,
p.675)

“… extensible code base of a software-based system that provides core functionality
shared by the modules that interoperate with it and the interfaces through which
they interoperate”

McAfee and
Brynjolfsson (2017,
p.118)

“a platform can be described as a digital environment characterized by near-zero
marginal cost of access, reproduction, and distribution.”

Nambisan (2017,
p.1032) summarizes
Parker et al. (2016) and
Tiwana et al. (2010)

“a shared, common set of services and architecture that serves to host
complementary offerings, including digital artifacts”

Sebastian et al. (2017,
p.203) refer to a digital
service platform

“…the technology and business capabilities that facilitate rapid development and
implementation of digital innovations.”

Reinartz et al. (2019,
p.352)

“Platforms are digital intermediaries that efficiently link external producers/sellers
to consumers, thereby enabling value-creating interactions.”
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Digital Infrastructure
Tilson et al. (2010,
p.748)

Hanseth and Lyytinen
(2010, p.4)1

Henfridsson and
Bygstad (2013, p.908)
summarize the
understanding of Braa
et al. (2007) and Tilson
et al. (2010).

Nambisan (2017,
p.1032)

“… digital infrastructures can be deﬁned as the basic information technologies and
organizational structures, along with the related services and facilities necessary for
an enterprise or industry to function.”
“… a shared, open (and unbounded), heterogeneous and evolving socio-technical
system (which we call installed base) consisting of a set of IT capabilities and their
user, operations and design communities.”

“… the collection of technological and human components, networks, systems, and
processes that contribute to the functioning of an information system…”

“… digital infrastructure is deﬁned as digital technology tools and systems (e.g.,
cloud computing, data analytics, online communities, social media, 3D printing,
digital makerspaces, etc.) that offer communication, collaboration, and/or
computing capabilities to support innovation and entrepreneurship.”

Source: Own Illustration

Table 2 enlightens the possible differentiation into more than only one category of digital
technologies. Examples of digital artifacts are webpages, blogs, social network environments
(Ekbia, 2009) bookings, and currency exchange systems (Kallinikos et al., 2013). Kallinikos
et al. (2013) additionally present an overview of several understandings: quasi-objects
(Ekbia, 2009), combinability, immaterial, non-rival nature reproducible, reproducible
(Faulkner & Runde, 2009), reprogrammable and self-referential entities (Yoo, 2010; Yoo et
al., 2010). Yoo (2010) presents examples such as refrigerators, televisions, or telephones
determined as digitized in the context of everyday artifacts. An utilized synonym is also
digital object characterized by four different attributes to determine its constitution
(Kallinikos et al., 2013). First, editable to continuously update and modify items, digital
content, and data, second, interactive to explore information, increase flexibility and
responsiveness, third, accessible and modifiable by further digital objects (Yoo, 2010) and
fourth, distributed, borderless, and can enable various combinations of programs and items
(Kallinikos et al., 2013). Yoo (2010) presents an understanding of digital artifacts by
homogenizing data from non-digital artifacts (digitization). On the one hand, they can be
autonomous hardware or software components on physical artifacts, and on the other hand an
integrated component operating on digital platforms (Nambisan, 2017).
The conceptual analysis of digital artifacts already involves the modularity of a digital
platform consisting of components which are “an add-on software subsystem that connects to
the platform to add functionality to it” (Tiwana et al., 2010, p.675) following the
understanding from Nambisan (2017) of integrated digital artifacts. Examples are platforms
operating a system such as Android and iOS (Nambisan, 2017; Reuver et al., 2018; Tiwana et

1

Initially utilizing the terminology „information infrastructure“
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al., 2010) which Tiwana et al. (2010) use as examples to explain the definition of digital
platforms and the example of iPhone apps to clarify the understanding of modules. When
defining digital platforms, literature also reveals a technical and sociotechnical perspective.
The technical view explains digital platforms as “an extensible codebase to which
complementary third-party modules can be added” (Reuver et al., 2018, p.127) while the
sociotechnical view describes “technical elements (of software and hardware) and associated
organizational processes and standards” (Reuver et al., 2018, p.127). To differentiate digital
from non-digital platforms the necessity of several components such as the hardware and
software (operating system and applications) is emphasized (Reuver et al., 2018). With a
focus on business communities, digital platforms are also described as a digital infrastructure
supporting interconnected business processes (Markus & Loebbecke, 2013), such as
marketing processes and activities (Rangaswamy et al., 2020).
The description of digital infrastructures has developed from a pure understanding of
autonomous information systems to an understanding of collective interconnected systems
(Henfridsson & Bygstad, 2013). Conceptually, Tilson et al. (2010, p.751) even compound
digital infrastructure “as a new type” of IT artifacts but also highlight its necessity for
stability to interact with new artifacts (2010, p.754). The composition of the three notions
modules, digital platforms, and corresponding ecosystems, which is the collection of modules
and platforms (Cusumano & Gawer, 2002; Tiwana et al., 2010), can also be grasped as digital
infrastructure.

3. Results
The literature analysis reviewing mainly scholars in information and business research,
reveals an extensive intersection between digitalization-related terms. The fallacy of utilizing
the notions of digitization, digitalization, and digital transformation without experiencing an
effect of confusion is still observable. Additionally, the term digital technologies is on the one
hand defined as such, but on the other hand split into the three different sub-themes of digital
artifacts, digital infrastructure, and digital platforms. However, even for the sub-themes
literature is applying synonyms such as information infrastructure (Hanseth & Lyytinen,
2010) or information technology (Lucas et al., 2013). Important to mention is also the
missing stringency in literature, as the explanation of digital artifacts is by some authors
described with the example of computers (Yoo, 2010) and others use the example of
computers to describe digital technologies (Yoo et al., 2010).
Therefore, when considering the impact of technologies on human labor within the course of
a digital transformation, it is recommendable to distinguish between the concepts. Figure 1
provides an approach to conceptualizing the terms digitization, digitalization, and digital
transformation according to their intentional meanings derived from the literature analysis in
the previous chapter.
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Figure 1: Digitization vs. Digitalization vs. Digital Transformation

Source: Own Illustration

Furthermore, figure 2 builds upon the strategic development and understanding of
digitalization-related terms. The conceptualization of digital technologies into three subcategories represents a more subtle determination of the terminologies to ultimately increase
the level of detail when incorporating the impact of digital technologies on human capital.
Figure 2: Digital Technologies and Subordinated Terminologies

Source: Own Illustration

Referring to the task approach (Autor et al., 2003), the main influence factor on human labor
is stated as technologies. Later, advanced research building upon this idea of the concept
becomes more and more concrete when for example using robotics (Acemoglu et al., 2020),
artificial intelligence (Acemoglu & Restrepo, 2019a), or machine learning (Brynjolfsson &
Mitchell, 2017) as a replacement for technologies and main forces exerting pressure on
human labor. However, to conceptualize the impact of technologies on human capital it is not
satisfying to simply apply job or task categorizations such as manual, non-routine analytic,
non-routine interactive, abstract and cognitive for high-skilled labor, manual cognitive,
manual, and routine for middle-skilled labor, and non-routine manual, manual and social
tasks for low-skilled labor (Acemoglu & Autor, 2011; Autor et al., 2003; Autor et al., 2006;
Autor et al., 2008; Autor & Dorn, 2013; Autor & Handel, 2013; Beaudry et al., 2016;
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Fernández-Macías & Hurley, 2017; Goos et al., 2009, 2014; Goos & Manning, 2007;
Michaels et al., 2014; Spitz‐Oener, 2006).
Therefore, creating a concept about technologies and their impact on human labor requires
the detailed delimitation of main terms like digitization, digitalization, and digital
transformation to understand at which stage of change the impact on human labor becomes
relevant. Furthermore, digital technologies as such can be distinguished into several different
components and consequently represent the urge to define the impact on human capital in a
more detailed manner.
Ultimately, the determination of digital technologies (digtech) as input factor for work and as
a lever for human capital requires a more specified depiction as part of the model: digital
artifact (digart), digital platform (digplat), and digital infrastructure (diginfr).
𝑑𝑖𝑔𝑡𝑒𝑐ℎ(𝑡) = 𝑑𝑖𝑔𝑎𝑟𝑡(𝑡); 𝑑𝑖𝑔𝑝𝑙𝑎𝑡(𝑡); 𝑑𝑖𝑔𝑖𝑛𝑓𝑟(𝑡)

(5)

𝑡
Finally, the task assignment for digital technologies (𝑡𝑎𝑠𝑘𝑠𝑑𝑖𝑔𝑡𝑒𝑐ℎ
) itemizes accordingly and
represents a more detailed model for effect calculation purposes of digital technologies
correlating with human capital.
𝑡
𝑡𝑎𝑠𝑘𝑠𝑑𝑖𝑔𝑎𝑟𝑡/𝑑𝑖𝑔𝑝𝑙𝑎𝑡/𝑑𝑖𝑔𝑖𝑛𝑓𝑟
𝑡1; 𝑡2; … ; 𝑡𝑥

(6)

4. Conclusion
Digitalization is strongly impacting society, businesses, and the ways of working. These
changes are neither new to society nor business, but they are characterized by the
development of many incidences simultaneously. Labor market developments are explained
by the routine-biased technical change hypothesis, arguing the substitution of routine jobs by
technologies. Important to mention, the technologies are not described in detail, and so-called
engineering bottlenecks hinder jobs to become fully replacing human labor (Frey & Osborne,
2017). Accompanied by unclear conceptual distinctions of digitalization-related terms as well
as a split of the notion of digital technologies into three sub-notions, the holistic development
of the digital era seems vague and difficult to determine based on details. Therefore, this
paper provides a proposal of how to conceptualize the existing terms and presents a research
agenda to identify the impact on human labor in a more detailed manner. Digitization
describes the conversion of analog information into digital formats, digitalization represents
the usage and adoption of those digital formats, and digital transformation covers the process
of holistic alteration. Digital technologies can be further divided into digital artifacts, digital
platforms, and digital infrastructure. Based on the proposed concept, further research is
recommended to model a possible determination of the impact of technologies on human
capital in the all-embracing process of digital transformation from analog to digital.
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