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Abstrak

Population aging and rapid advances in automation
technologies are reshaping contemporary economic systems
and raising important questions about the structural drivers of
technological change. While existing research has extensively
examined the effects of automation on labor markets and
productivity, demographic dynamics are often treated as
background conditions rather than as active forces influencing
technological trajectories. This article addresses this
theoretical gap by developing a conceptual framework that
explains how demographic transformation can shape firms’
incentives to adopt automation technologies. Using a
conceptual theory-building approach, the study synthesizes
insights from demographic economics, directed technological
change, and task-based automation research to construct an
integrative analytical model. The proposed framework
conceptualizes population aging as a structural driver that
generates labor scarcity, which in turn encourages
technological substitution in production processes. This
mechanism leads to the emergence of what the article
conceptualizes as a demography-driven automation economy,
in which demographic pressures systematically influence
technological adoption and innovation incentives. By clarifying
the mechanisms linking demographic change, labor scarcity,
and automation adoption, the framework -contributes to
theoretical integration across previously fragmented literatures
and provides a foundation for future empirical research
examining the interaction between demographic transformation
and technological change.
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1. Introduction

Population aging and rapid advances in automation technologies represent two major
structural transformations shaping contemporary economies. Recent research shows that
demographic change and technological innovation jointly influence economic restructuring,
as aging societies often face stronger incentives to adopt labor-saving technologies to offset
declining labor supply and rising labor costs (Korinek & Stiglitz, 2021; Prettner & Bloom,
2020). Demographic dynamics therefore affect not only labor market outcomes but also the
direction of technological development. Across both advanced and emerging economies,
declining fertility and rising life expectancy are altering population age structures and
increasing the share of older workers in the labor force (United Nations, 2022).
Simultaneously, firms and governments are accelerating investment in automation
technologies, including industrial robots, artificial intelligence, and digital production systems.
These technologies are widely recognized as key drivers of productivity growth and structural
transformation in the twenty-first century (Brynjolfsson & McAfee, 2014; Acemoglu &
Restrepo, 2019). The concurrent rise of demographic aging and technological automation
raises a central question for scholars and policymakers: whether aging societies reshape the
direction and intensity of technological change in modern economies.

Existing research has examined the relationship between technological progress and labor
markets, particularly through the frameworks of task-based technological change and
directed innovation. Technological progress often substitutes routine labor tasks while
complementing nonroutine skills (Autor et al, 2003). Subsequent studies show that
automation technologies, including robotics and digital systems, reshape employment
structures by displacing certain forms of labor while generating new types of work (Acemoglu
& Restrepo, 2019). Parallel research in demographic economics highlights how population
aging influences labor supply, productivity, and long-term economic growth (Bloom et al.,
2010). Together, these perspectives indicate that demographic change and technological
transformation operate as interconnected forces shaping labor market dynamics and the
future organization of economic activity.

Recent empirical studies increasingly examine the intersection between demographic
change and technological adoption. Cross-country evidence shows that economies
experiencing faster population aging adopt industrial robots more intensively, suggesting that
demographic pressure can stimulate automation as firms respond to labor shortages
(Acemoglu & Restrepo, 2022). Firm- and industry-level analyses further indicate that
declining labor supply strengthens incentives for automation and capital-intensive production
(Abeliansky & Prettner, 2023). Other studies highlight a more nuanced relationship, where
automation may complement older workers with higher levels of human capital while
replacing workers engaged in routine tasks (Yamashita et al, 2024). These findings
increasingly recognize demographic dynamics as an important factor shaping technological
trajectories and patterns of automation adoption.

Despite these advances, the literature remains conceptually fragmented. Automation
research largely examines how technological change affects employment, wages, and
productivity, while often treating demographic conditions as background factors rather than
structural drivers of technological direction (Acemoglu & Restrepo, 2019). Conversely,
studies of population aging focus primarily on macroeconomic consequences—such as labor
supply contraction, fiscal sustainability, and productivity dynamics —without systematically
incorporating technological responses into the analytical framework (Bloom et al., 2010). As
a result, demographic change and technological transformation are frequently analyzed
within separate theoretical domains, limiting our understanding of how these forces jointly
shape economic restructuring.
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A deeper theoretical gap therefore emerges from the absence of an integrated framework
that explains how demographic pressures influence the direction of technological change.
While empirical evidence increasingly suggests that aging populations are associated with
higher levels of automation adoption, the mechanisms linking demographic structure to
technological substitution remain insufficiently theorized. In particular, the literature rarely
conceptualizes population aging as a structural driver that alters firms’ incentives for
technological innovation through labor scarcity, cost pressures, and changes in the
organization of production. Without such a conceptual framework, it remains difficult to
explain why demographic aging sometimes accelerates automation while in other contexts
technological change complements rather than replaces human labor.

This theoretical gap has significant implications for both economic theory and empirical
research. If demographic dynamics systematically influence technological trajectories, then
conventional models of technological change that treat innovation as independent of
demographic structure may provide an incomplete explanation of economic transformation.
Moreover, failing to integrate demographic factors into theories of automation risks
overlooking an important structural force that shapes firms’ strategic responses to changing
labor market conditions. Addressing this gap therefore has the potential to advance
theoretical understanding of how demographic change interacts with technological progress
in shaping the evolution of modern economies.

In response to this limitation, the present article develops a conceptual framework that links
demographic aging to technological substitution through the mechanism of labor scarcity.
Specifically, the article introduces the concept of a demography-driven automation
economy, defined as an economic environment in which changes in population age
structure systematically reshape firms’ incentives to adopt automation technologies. The
framework proposes that population aging generates labor scarcity pressures that alter the
relative cost of labor and capital, thereby encouraging firms to substitute automated
technologies for certain categories of labor tasks. At the same time, the framework
recognizes that this substitution process is contingent upon factors such as task
characteristics, sectoral structures, and human capital capabilities.

By advancing this conceptual framework, the article makes several contributions to the
literature. First, it integrates insights from demographic economics, theories of directed
technological change, and task-based models of automation into a unified analytical
perspective. Second, it clarifies the causal mechanisms linking demographic transformation
to technological substitution by highlighting the role of labor scarcity as a mediating force
between population aging and automation adoption. Third, it extends existing theories of
automation by situating technological change within broader demographic processes,
thereby offering a more comprehensive explanation of how demographic transitions
influence the evolution of production systems and labor markets.

In sum, this article argues that population aging should be understood not merely as a
demographic phenomenon but as a structural driver of technological transformation. By
conceptualizing the emergence of a demography-driven automation economy, the study
provides a new theoretical lens for analyzing the relationship between demographic change
and technological substitution. The remainder of this article proceeds as follows. The next
section reviews relevant literature on demographic transition, technological change, and
labor market transformation. The following sections develop the conceptual framework
linking population aging to automation incentives and propose a set of theoretical
propositions. The article concludes by discussing theoretical implications, practical
relevance, and directions for future research.
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2. Literature Background / Literature Review

This section reviews the key theoretical and empirical streams that have examined the
relationship between demographic change, technological innovation, and labor market
transformation. Rather than summarizing individual studies, the review synthesizes research
across several major theoretical traditions that have shaped scholarly understanding of
automation and demographic transformation. The objective is to identify how these
perspectives contribute to explaining the interaction between population aging and
technological substitution, while also highlighting conceptual limitations that motivate the
need for a more integrated framework.

2.1 Demographic Transition and Population Aging

Demographic transition theory provides a foundational framework for explaining structural
changes in population dynamics and their economic implications. The theory describes the
long-term shift from high fertility and mortality to low fertility and longer life expectancy (Lee,
2003; Bloom et al., 2010). As this transition progresses, population age structures change,
increasing the proportion of older individuals while reducing the relative share of working-
age cohorts.

From an economic perspective, population aging influences several dimensions of economic
performance, including labor supply, savings behavior, productivity dynamics, and fiscal
sustainability. Early studies highlighted the potential negative effects of aging on growth due
to declining labor force participation and rising dependency ratios (Bloom et al., 2010). More
recent research shows that aging can also stimulate structural adaptation through
institutional reforms, labor market adjustments, and technological innovation (Acemoglu &
Restrepo, 2022). Demographic aging therefore functions not only as a constraint on
economic performance but also as a driver of structural economic transformation.

Recent scholarship has further highlighted that population aging may generate adaptive
economic responses rather than purely negative growth effects. Aging economies often
respond through institutional adjustments, labor market reforms, and technological
innovation aimed at maintaining productivity levels despite shrinking labor forces (Prettner,
2013; Maestas et al.,, 2016; Goodhart & Pradhan, 2020). These perspectives suggest that
demographic transition can function as a catalyst for structural economic adaptation rather
than solely a demographic constraint.

Recent empirical work has increasingly examined the interaction between demographic
change and technological development. For example, Acemoglu and Restrepo (2022)
provide cross-country evidence showing that countries experiencing faster demographic
aging tend to adopt automation technologies more intensively. Similarly, Abeliansky and
Prettner (2023) demonstrate that slower population growth can increase incentives for
automation and capital-intensive production. These findings suggest that demographic
dynamics may influence not only labor market conditions but also the trajectory of
technological change itself.

Despite these insights, the demographic literature has largely focused on macroeconomic
consequences of population aging, such as growth rates, labor supply dynamics, and fiscal
sustainability. Comparatively less attention has been devoted to understanding how
demographic pressures interact with firm-level technological decisions and innovation
processes. As a result, the mechanisms linking demographic structure to technological
substitution remain underdeveloped in existing demographic research.
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2.2 Technological Change and Automation in Economic Theory

Research on technological change has long explored how innovation reshapes production
processes and labor market structures. One influential perspective is the theory of directed
technological change, which suggests that innovation is not neutral but tends to evolve in
directions shaped by relative factor prices and economic incentives (Acemoglu, 2002). When
particular production factors become scarce or expensive, firms have stronger incentives to
develop technologies that economize on those factors.

This perspective is closely related to the classical idea of induced innovation, which argues
that technological change often responds to shifts in economic constraints such as resource
scarcity or rising labor costs (Hicks, 1932). In this framework, technological progress
emerges partly as a response to changing economic environments rather than as an
exogenous process. Directed technological change therefore provides a theoretical
mechanism through which demographic transformations—by altering labor supply and labor
costs—may influence the direction of technological innovation.

Recent developments in artificial intelligence and digital automation have reinforced the
relevance of directed technological change theory. Technological innovation increasingly
responds to shifts in factor scarcity and economic incentives, particularly in contexts where
labor availability becomes constrained (Aghion et al., 2019; Korinek & Stiglitz, 2021). In this
sense, demographic transformation may indirectly influence innovation trajectories by
reshaping the economic conditions under which technological development occurs.

Another influential theoretical perspective is the task-based approach to technological
change. This framework conceptualizes production as a set of tasks that can be performed
either by human labor or by machines (Autor, Levy, & Murnane, 2003). Automation
technologies tend to replace routine tasks that follow explicit and programmable rules, while
complementing nonroutine tasks requiring creativity, problem-solving, or interpersonal
interaction. Within this framework, technological change is understood not simply as a
substitution of capital for labor but as a reallocation of tasks between humans and machines.

More recent research has expanded this framework by distinguishing between displacement
and reinstatement effects of automation. Automation technologies may initially displace
workers from certain tasks, but technological progress can also generate new tasks and
occupations that increase labor demand in other areas (Acemoglu & Restrepo, 2019). This
perspective highlights the dynamic nature of technological change and the possibility that
automation may simultaneously reduce and create employment opportunities depending on
the broader structure of the economy.

While these theoretical perspectives provide powerful explanations of technological change,
they typically treat demographic conditions as exogenous background variables rather than
as structural drivers of innovation. Consequently, although theories of directed technological
change and task-based automation explain how technology affects labor markets, they do
not fully explain how demographic transformations might shape the direction and intensity of
technological adoption.

2.3 Automation and Labor Market Transformation

Research on automation and labor markets has become central to contemporary economic
analysis. Studies examining robotics and digital technologies show that automation reshapes
employment patterns, wage structures, and occupational distributions (Graetz & Michaels,
2018; Acemoglu & Restrepo, 2020). This literature highlights how technological change
alters labor demand across sectors and skill groups. Empirical evidence on industrial robots
provides some of the clearest insights into these dynamics. Graetz and Michaels (2018)
show that robot adoption significantly increases labor productivity and economic growth in
developed economies. However, automation can also reduce employment in occupations
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dominated by routine manual tasks (Acemoglu & Restrepo, 2020). These findings indicate
that the labor market consequences of automation depend largely on the task composition
of industries rather than technology adoption alone.

At the same time, recent research suggests that automation technologies may have
heterogeneous effects across sectors and occupational groups. While robotics and artificial
intelligence can displace routine labor tasks, they may simultaneously create new
occupations and productivity-enhancing complementarities with skilled workers (Bessen,
2019; Frey & Osborne, 2017; Daron Acemoglu & Pascual Restrepo, 2020). These dynamics
highlight the complex interaction between technological substitution and labor market
restructuring.

Recent research further examines how worker characteristics shape vulnerability to
automation. Evidence on skill composition and occupational structures shows that workers
with higher education and digital competencies are more likely to benefit from technological
change, whereas workers concentrated in routine-intensive occupations face greater
displacement risks (Autor & Dorn, 2013; Yamashita et al., 2024). Automation therefore tends
to reinforce existing skill inequalities within labor markets.

However, this literature largely focuses on how automation affects workers rather than why
automation occurs in the first place. The dominant analytical perspective treats technological
change as an external driver that reshapes labor markets. As a result, relatively little attention
has been given to understanding how demographic changes in labor supply might influence
firms’ incentives to adopt automation technologies.

2.4 Emerging Evidence Linking Demography and Automation

An emerging body of research examines how demographic change shapes technological
adoption. Population aging and declining labor supply can create strong incentives for
automation by increasing labor scarcity and labor costs (Acemoglu & Restrepo, 2022). When
firms struggle to recruit workers, they often increase investment in automation to sustain
production capacity. Empirical studies provide further support for this mechanism. Evidence
from regions experiencing labor shortages shows that firms operating in tighter labor markets
are significantly more likely to adopt automation technologies and capital-intensive
production systems (Dauth et al., 2021; Prettner & Strulik, 2020). These findings suggest
that labor scarcity functions as a key economic mechanism linking demographic change to
technological substitution

Cross-country empirical analyses provide support for this argument. Acemoglu and Restrepo
(2022) find that aging economies tend to adopt robots more intensively than younger
economies, suggesting that demographic pressures may accelerate automation. Similarly,
Abeliansky and Prettner (2023) show that slower population growth is associated with higher
levels of automation adoption across countries.

At the same time, research also indicates that the relationship between aging and automation
is not uniform across industries or skill groups. Studies examining the interaction between
workforce age structure and technology adoption show that automation may complement
older workers in knowledge-intensive occupations while replacing labor in routine production
activities (Yamashita et al., 2024). These findings highlight the complexity of the relationship
between demographic change and technological transformation.

Despite the growing empirical evidence, this emerging literature remains largely descriptive
and fragmented. Many studies document correlations between demographic indicators and
automation adoption but do not provide a comprehensive theoretical explanation of the
mechanisms linking these phenomena. As a result, the broader implications of demographic
change for technological trajectories remain insufficiently theorized.
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2.5 Synthesis and Need for an Integrative Conceptual Framework

Taken together, the literature reviewed above highlights three important insights. First,
demographic transition theory shows that population aging represents a fundamental
structural transformation affecting labor supply and economic organization. Second, theories
of directed technological change and task-based automation explain how economic
incentives shape technological innovation and labor market restructuring. Third, emerging
empirical research suggests that demographic pressures may influence firms’ adoption of
automation technologies.

Table 1. Key Theoretical Perspectives on Demography, Technology, and Automation

Literature Core Concebt Kev Schol Contribution to the
Stream ore Lohcep ey scholars Conceptual Framework
Demographic Population aging and Bloom ef al. (2010); = Explains how demographic
Economics demographic Lee (2003) transformation alters labor
transition reshape supply conditions and creates
labor supply and structural pressures affecting
economic structure economic systems
Directed Innovation responds  Acemoglu (2002); Provides the mechanism
Technological to relative factor Hicks (1932) through which labor scarcity
Change scarcity and influences the direction of
economic incentives technological innovation
Task-Based Production consists ~ Autor, Levy & Explains how automation
Automation of tasks that can be Murnane (2003); technologies substitute or
performed by either ~ Acemoglu & complement human labor
humans or machines Restrepo (2019) within production systems

Source: Developed by the authors

Table 1 synthesizes the theoretical foundations of the article by positioning three major
literature streams within a unified analytical structure. The table supports the literature
synthesis by clarifying how demographic economics explains structural labor supply
changes, directed technological change explains innovation incentives under factor scarcity,
and task-based automation explains the mechanisms through which technology reshapes
production tasks. Together, these perspectives form the theoretical basis for the
demography-driven automation economy framework.

This figure clarifies the article’s integrative theoretical foundation by showing how three
previously separated literature streams are brought into a single conceptual synthesis. lts
analytical value lies in making explicit the intellectual architecture from which the
demography-driven automation economy is derived.

Demographic Economics Directed Technological Task-Based Automation
Change
Population agin Task reallocation
P ang Factor scarcity Substitution and
Labor supply transformation N f .
Innovation incentives complementarity

~. v —

Integrative Theoretical Synthesis

Demography shapes technological incentives
through labor scarcity

v

Demography-Driven Automation Economy

Figure 1. Literature Integration Underpinning the Demography-Driven Automation Economy
Source: Author’s conceptualization
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As shown in Figure 1, the article’s contribution begins from the convergence of three distinct
theoretical streams: demographic economics, directed technological change, and task-
based automation. Figure 1 supports the argument by making visible the integrative logic
through which these literatures are synthesized into the concept of a demography-driven
automation economy, thereby clarifying the article’s theoretical foundation and non-
redundant contribution.

Despite these advances, existing research remains conceptually fragmented across
disciplinary boundaries. Demographic studies often analyze population aging as a
macroeconomic challenge, while automation research primarily examines how technology
affects employment and productivity. These perspectives rarely converge within a unified
analytical framework capable of explaining how demographic change influences the direction
of technological substitution.

This fragmentation creates an important theoretical gap. Without integrating demographic
dynamics into theories of technological change, current frameworks provide only partial
explanations of the forces shaping automation adoption. A more comprehensive conceptual
model is therefore needed to explain how population aging generates structural incentives
for technological substitution through mechanisms such as labor scarcity, cost pressures,
and shifts in production organization.

Addressing this gap requires the development of an integrative theoretical perspective that
explicitly links demographic transformation to technological change. Such a framework would
provide a clearer explanation of how demographic aging reshapes innovation incentives and
labor market dynamics. The following sections develop this conceptual perspective by
introducing the concept of a demography-driven automation economy, which seeks to
integrate demographic economics and automation theory into a coherent analytical
framework.

3. ldentifying the Theoretical Gap

Existing scholarship provides substantial insight into the relationship between demographic
change, technological innovation, and labor market transformation. Demographic economics
shows that population aging affects labor supply, productivity dynamics, and long-term
growth trajectories (Bloom et al., 2010). Research on technological change further explains
how innovation responds to economic incentives through mechanisms described in directed
technological change and induced innovation theories (Acemoglu, 2002). Complementing
this perspective, the task-based approach to automation explains how digital technologies
and robotics restructure production by reallocating tasks between humans and machines
(Autor et al., 2003; Acemoglu & Restrepo, 2019). Recent empirical studies increasingly
connect these literatures, demonstrating that aging societies adopt automation technologies
more intensively, suggesting that demographic pressures can influence technological
trajectories (Acemoglu & Restrepo, 2022; Abeliansky & Prettner, 2023). Together, these
findings indicate that demographic transformation, technological change, and labor market
restructuring form closely interconnected processes shaping contemporary economic
systems.

Despite these advances, the theoretical foundations connecting demographic change,
technological innovation, and labor market transformation remain fragmented. Demographic
research typically treats population aging as a macroeconomic constraint affecting labor
supply and fiscal sustainability, while automation studies often view technological change as
an exogenous force reshaping employment structures and production systems (Acemoglu &
Restrepo, 2019). Although empirical evidence increasingly shows correlations between
demographic aging and automation adoption, these studies rarely specify a clear theoretical
mechanism explaining how demographic pressures shape the direction of technological
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innovation. Consequently, demographic variables are frequently introduced as contextual
conditions rather than as structural drivers of technological change. This separation produces
conceptual gaps across literatures: demographic economics explains shifts in labor supply,
whereas automation research focuses on technological transformation of labor demand,
leaving the theoretical linkage between these dynamics insufficiently developed.

The absence of an integrated theoretical explanation has important implications for the
development of economic and organizational theory. Without explicitly linking demographic
change to the direction of technological innovation, existing frameworks struggle to explain
why automation accelerates in certain aging economies while remaining limited in others with
similar demographic structures. Moreover, current models of automation focus primarily on
technological capabilities and task characteristics, leaving the role of demographic pressures
in shaping innovation incentives conceptually underexplored. Consequently, theoretical
explanations of automation adoption remain incomplete because they overlook how
demographic transformations alter firms’ strategic responses to labor scarcity, rising labor
costs, and shifting workforce structures. This limitation constrains the ability of existing
theories to explain the broader structural transformation occurring in many aging economies.

This study develops an integrative conceptual framework linking demographic aging to
technological substitution through the mechanism of labor scarcity. Drawing on demographic
transition theory, directed technological change, and task-based models of automation, the
article introduces the concept of a demography-driven automation economy, in which shifts
in population age structure reshape innovation incentives and technological trajectories. The
framework positions demographic transformation not merely as a contextual condition but as
a structural driver influencing technological adoption. By clarifying the mechanisms
connecting population aging, labor scarcity, and automation adoption, the model offers a
more integrated explanation of how demographic change and technological transformation
jointly reshape contemporary economic systems.

4. Conceptual Approach and Analytical Strategy

This study adopts a conceptual research approach to develop an integrative theoretical
framework explaining the relationship between demographic aging and technological
substitution. Conceptual research plays a critical role in theory development when existing
empirical findings are fragmented across different theoretical traditions and lack a unified
explanatory framework (Jaakkola, 2020). Rather than collecting new empirical data,
conceptual studies aim to synthesize existing knowledge, clarify underlying mechanisms,
and propose theoretical models that can guide future empirical research. In the context of
demographic change and automation, existing literature provides rich empirical evidence but
remains theoretically dispersed across several fields, including demographic economics,
technological change, and labor market studies. The present article therefore adopts a
conceptual development strategy to integrate these perspectives into a coherent theoretical
explanation of how population aging influences technological adoption.

The analytical strategy of this article follows an integrative theory-building approach that
combines theory synthesis with conceptual mapping. Theory synthesis involves
systematically combining insights from different theoretical traditions in order to construct a
more comprehensive explanation of a complex phenomenon (Jaakkola, 2020). In this study,
literature from demographic transition theory, directed technological change, and task-based
automation research is analyzed through thematic synthesis to identify key constructs and
mechanisms linking demographic transformation with technological substitution. Through
this process, the article seeks to move beyond descriptive correlations and develop a
structured explanation of how demographic dynamics shape technological incentives and
organizational responses.
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4.1 Conceptual Research Design

The conceptual research design employed in this article builds on the premise that theoretical
advancement often requires integrating insights from previously disconnected research
streams. Previous research on population aging has primarily focused on macroeconomic
outcomes such as labor supply contraction and fiscal sustainability (Bloom et al., 2010). In
contrast, research on automation and technological change has concentrated on how digital
technologies reshape labor demand and task structures (Autor et al., 2003; Acemoglu &
Restrepo, 2019). While both streams address transformations in labor markets, they rarely
intersect within a shared analytical framework.

This study therefore adopts a conceptual development approach that synthesizes these
literatures to explain how demographic pressures influence technological adoption.
Conceptual development is particularly appropriate when empirical findings exist but lack an
overarching theoretical explanation (Jaakkola, 2020). By synthesizing insights from multiple
theoretical traditions, this article develops a framework that explains automation adoption not
merely as a technological phenomenon but also as a structural response to demographic
change.

4.2 Integrative Framework Development

The development of the conceptual framework proceeds through the integration of three
major theoretical perspectives: demographic economics, theories of technological change,
and labor market transformation research. Demographic economics explains how population
aging alters labor supply and economic structure (Lee, 2003; Bloom et al., 2010). Theories
of directed technological change explain how innovation responds to shifts in economic
incentives, particularly changes in relative factor scarcity (Acemoglu, 2002). Meanwhile,
task-based theories of automation explain how technological systems substitute or
complement human labor by reshaping the allocation of production tasks (Autor et al., 2003;
Acemoglu & Restrepo, 2019).

Although each perspective provides valuable insights, they remain analytically disconnected.
Demographic research identifies changes in labor supply but rarely explains how these
changes influence technological direction. Conversely, automation research examines the
consequences of technological change but often treats labor supply conditions as exogenous
background factors. By integrating these perspectives, the present article conceptualizes
demographic aging as a structural driver that shapes firms’ incentives to adopt automation
technologies.

This integrative approach builds upon recent empirical evidence demonstrating that aging
societies tend to experience faster automation adoption (Acemoglu & Restrepo, 2022;
Abeliansky & Prettner, 2023). However, rather than merely documenting this association, the
framework developed here explains the underlying mechanism through which demographic
pressures influence technological change.

4.3 Conceptual Modeling Process

The conceptual modeling process follows three analytical steps designed to construct a
coherent theoretical explanation. First, the study identifies the core constructs that appear
consistently across the relevant literatures. These constructs include population aging, labor
scarcity, technological substitution, and automation adoption. Population aging represents
the structural demographic transformation that reduces the share of working-age individuals
in the population. Labor scarcity emerges as a direct consequence of this demographic shift,
affecting labor market conditions and production costs.

The table below clarifies the conceptual constructs that form the analytical foundation of the
proposed framework. Because the article develops a theory-building model, explicitly
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defining the constructs helps ensure conceptual precision and prevents ambiguity regarding
the level of analysis and the role of each concept within the framework.

Table 2. Core Constructs of the Demography-Driven Automation Framework

Construct Conceptual Definition Role in the Model
Population The increasing proportion of older Structural driver that alters the
Aging individuals in the population resulting from  composition and availability of

declining fertility and rising life expectancy  labor supply
Labor Scarcity A condition in which the demand for labor Mediating mechanism linking

exceeds the available workforce, demographic change to firms’
increasing labor costs and recruitment technological responses
constraints
Technological The replacement of human labor tasks with  Technological process through
Substitution automated technologies within production  which firms respond to labor
systems scarcity
Automation The implementation of automation Organizational response that
Adoption technologies such as robotics, artificial reshapes production processes

intelligence, and digital production systems and labor demand
Source: Developed by the authors

Table 2 clarifies the analytical structure of the conceptual model by defining the key
constructs used throughout the framework. By explicitly specifying the meaning and role of
each concept, Table 2 supports the theoretical clarity of the demography-driven automation
economy framework and ensures that the causal relationships presented in the conceptual
model are grounded in clearly defined constructs.

Second, the study analyzes how these constructs interact within existing theoretical
frameworks. Directed technological change theory suggests that firms respond to changes
in factor scarcity by innovating technologies that economize on scarce inputs (Acemoglu,
2002). When labor becomes scarce, firms have incentives to invest in technologies that
substitute capital for labor. In parallel, task-based theories of automation explain how digital
technologies can replace certain categories of labor tasks while complementing others (Autor
et al., 2003; Acemoglu & Restrepo, 2019).

Third, the conceptual model integrates these insights into a causal mechanism linking
demographic aging to technological substitution. The proposed mechanism suggests that
population aging reduces the availability of labor, creating labor scarcity pressures within
labor markets. These pressures increase the relative cost of labor and incentivize firms to
adopt automation technologies as substitutes for human labor in routine and production-
intensive tasks. At the same time, automation adoption reshapes labor market structures by
altering the demand for different types of skills.

4.4 Analytical Boundaries and Assumptions

While the proposed framework aims to provide a comprehensive conceptual explanation of
demographic-driven automation, it operates within several analytical boundaries. First, the
framework focuses primarily on advanced and emerging economies experiencing significant
demographic aging. In these contexts, declining fertility and rising life expectancy have
produced measurable labor supply constraints that influence economic decision-making
(United Nations, 2022).

Second, the model emphasizes automation technologies that directly affect production
processes, such as industrial robotics, artificial intelligence systems, and digital automation
tools. These technologies represent the most visible forms of technological substitution in
modern economies (Graetz & Michaels, 2018).

Third, the framework assumes that firms respond rationally to economic incentives created
by labor scarcity and rising labor costs. While institutional factors and policy environments
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may influence the speed of technological adoption, the underlying economic mechanism
linking labor scarcity to technological substitution remains central to the theoretical model.

5. Conceptual Framework: The Demography-Driven Automation
Economy

Building on the conceptual approach described above, this section develops the theoretical
framework explaining how demographic aging influences technological substitution through
the mechanism of labor scarcity. Integrating insights from demographic economics, directed
technological change, and automation research allows the development of a conceptual
model linking demographic transformation to technological adoption. The framework
conceptualizes demographic change not merely as a background condition but as a
structural force shaping technological trajectories in modern economies.

5.1 Population Aging as a Structural Driver

The first construct in the framework is population aging, which refers to the increasing
proportion of older individuals within the population due to declining fertility and rising life
expectancy. Population aging alters the age structure of the labor force, leading to a
reduction in the supply of younger workers entering labor markets (Lee, 2003; United
Nations, 2022). As the working-age population shrinks, labor markets experience increasing
pressure to maintain production levels with a smaller labor supply.

Population aging represents one of the most profound structural transformations affecting
contemporary economies. The demographic transition has led to a steady increase in the
share of older individuals within national populations, accompanied by declining fertility rates
and shrinking cohorts of working-age individuals (Bloom et al., 2010; United Nations, 2022).
From an economic perspective, this shift alters the composition of labor supply and changes
the relative availability of production factors within the economy.

Theoretical perspectives in demographic economics suggest that population aging affects
economic systems primarily through changes in labor supply and dependency structures. As
the working-age population declines relative to retirees, labor markets may experience tighter
labor supply conditions and rising wage pressures (Bloom et al., 2010). These demographic
pressures can fundamentally alter firms’ production strategies and investment decisions. In
particular, when labor becomes scarce or expensive, organizations may seek alternative
production technologies that reduce dependence on human labor inputs.

Recent empirical research supports this interpretation by showing that aging economies
often exhibit higher levels of automation adoption. Cross-country analyses demonstrate that
countries experiencing faster demographic aging tend to invest more heavily in robotics and
other labor-saving technologies (Acemoglu & Restrepo, 2022). These findings suggest that
demographic change can function as a structural driver that reshapes the economic
incentives underlying technological adoption.

5.2 Labor Scarcity as the Core Mechanism

The second construct is labor scarcity, which represents the economic mechanism through
which demographic aging influences production systems. Labor scarcity emerges when the
demand for labor exceeds available supply, resulting in rising labor costs and recruitment
challenges for firms. Empirical studies show that regions experiencing labor shortages often
respond by increasing capital investment and automation adoption (Acemoglu & Restrepo,
2022). From the perspective of directed technological change theory, labor scarcity increases
the incentive to develop and adopt technologies that substitute capital for labor (Acemoglu,
2002).
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While demographic aging alters the composition of the workforce, the economic mechanism
linking demographic change to technological substitution can be understood through the
concept of labor scarcity. Labor scarcity occurs when the supply of available workers
becomes insufficient to meet labor demand at prevailing wage levels, thereby increasing the
cost of labor relative to capital inputs.

The theory of directed technological change provides a useful framework for understanding
this mechanism. According to this theory, technological innovation tends to evolve in
directions that economize on relatively scarce production factors (Acemoglu, 2002). When
labor becomes scarce due to demographic aging, firms face stronger incentives to develop
or adopt technologies that substitute for labor. In this sense, demographic pressures can
influence the direction of technological innovation by altering the relative prices of labor and
capital.

Empirical studies provide evidence consistent with this theoretical mechanism. Acemoglu
and Restrepo (2022) show that regions experiencing more rapid demographic aging tend to
adopt industrial robots at higher rates. Similarly, Abeliansky and Prettner (2023) demonstrate
that slower population growth increases incentives for automation adoption across countries.
These findings suggest that labor scarcity operates as a key mediating mechanism linking
demographic change to technological substitution.

5.3 Technological Substitution and Automation Incentives

The third construct is technological substitution, referring to the process through which
automated technologies replace human labor in specific production tasks. Task-based
models of technological change emphasize that automation tends to substitute routine tasks
that can be codified into algorithmic procedures while complementing tasks requiring
creativity, social interaction, or complex problem-solving (Autor et al., 2003). As automation
technologies become more sophisticated, their ability to perform increasingly complex tasks
expands, thereby increasing their substitutive potential within production systems.

Automation technologies represent one of the most prominent forms of technological
substitution in contemporary production systems. The task-based framework of technological
change conceptualizes production as a collection of tasks that can be performed by either
human workers or machines (Autor et al., 2003). Automation occurs when machines become
capable of performing tasks previously carried out by human labor.

Within this framework, technological substitution is not uniform across all types of labor.
Automation tends to replace routine and repetitive tasks that can be codified into
programmable procedures, while tasks requiring creativity, judgment, or interpersonal
interaction remain more difficult to automate (Autor et al., 2003; Acemoglu & Restrepo,
2019). As a result, automation reshapes the structure of employment by redistributing tasks
between humans and machines.

Demographic aging may amplify these technological substitution dynamics by increasing the
relative cost of labor-intensive production processes. When firms face persistent labor
shortages, investments in automation technologies become more economically attractive. In
this sense, population aging can accelerate the adoption of automation by altering the cost—
benefit calculations underlying technological investment decisions.

The interaction between labor scarcity and technological substitution forms the core
mechanism of the proposed framework. When labor becomes scarce due to demographic
aging, firms face increasing incentives to invest in technologies that reduce dependence on
human labor. This investment can take the form of industrial robots, digital automation
systems, or artificial intelligence technologies that perform tasks previously executed by
workers. Empirical research shows that industries facing tighter labor markets often
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experience faster automation adoption, supporting the argument that labor scarcity can
accelerate technological substitution (Abeliansky & Prettner, 2023).

The proposed framework operates under several boundary conditions that shape the
strength and direction of the relationship between demographic aging and automation
adoption. Several contextual factors moderate this relationship. One important factor is task
automatability, which determines the extent to which specific tasks can be performed by
machines rather than humans. Industries characterized by routine production processes are
more likely to experience automation-driven substitution (Autor et al, 2003). Another
moderating factor is human capital composition, as workers with higher levels of digital skills
are better able to complement automation technologies rather than being displaced by them
(Yamashita et al., 2024).

5.4 Research Propositions

Taken together, these relationships form the basis of the conceptual model proposed in this
article. The model suggests that population aging leads to labor scarcity, which increases
firms’ incentives to adopt automation technologies. Automation adoption then reshapes labor
market structures by altering the demand for skills and tasks within production systems. This
sequence of relationships constitutes what the article conceptualizes as a demography-
driven automation economy, in which demographic transformation plays a central role in
shaping technological trajectories.

The conceptual framework developed in this article suggests that demographic
transformation influences technological change through identifiable economic mechanisms.
In particular, population aging alters the structure of labor supply, which may generate labor
scarcity and increase firms’ incentives to adopt labor-saving technologies. Conceptualizing
these relationships as theoretically derived propositions helps clarify the causal logic of the
framework and provides a foundation for future empirical research examining the interaction
between demographic change and technological adoption.

The first relationship concerns the link between demographic aging and labor market
conditions. Demographic transition reduces the relative size of working-age cohorts while
increasing the share of older individuals within the population. As younger cohorts entering
the labor market become smaller, firms may face increasing challenges in recruiting workers.
Under such conditions, labor markets may experience tighter labor supply and rising labor
costs. These dynamics suggest that demographic aging increases the likelihood of labor
scarcity within economies undergoing demographic transition.

Proposition 1.
Population aging increases the likelihood of labor scarcity in economies experiencing
demographic transition.

The second relationship concerns the economic mechanism linking labor scarcity to
technological adoption. According to the theory of directed technological change, innovation
tends to evolve in directions that economize on relatively scarce production factors. When
labor becomes scarce or expensive, firms face stronger incentives to invest in technologies
that substitute capital for labor. Automation technologies—including robotics, artificial
intelligence, and digital production systems—represent one of the most prominent forms of
such technological substitution.

Proposition 2.
Labor scarcity increases firms’ incentives to adopt automation technologies that substitute
for human labor.

However, the strength of this relationship may vary across industries depending on the
characteristics of production tasks. The task-based framework of technological change
emphasizes that automation is more likely to occur in activities characterized by routine and
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codifiable tasks. Industries with higher levels of task automatability therefore face stronger
incentives to adopt automation technologies when labor becomes scarce.

Proposition 3.
The relationship between labor scarcity and automation adoption is stronger in industries
characterized by high task automatability.

Finally, automation adoption may reshape labor market structures by altering the allocation
of tasks between humans and machines. The consequences of automation adoption depend
partly on the composition of human capital within the workforce. Workers possessing
advanced digital skills and higher levels of education are more likely to complement
automation technologies, whereas workers concentrated in routine-intensive occupations
may face greater displacement risks.

Proposition 4.
Human capital composition moderates the effects of automation adoption on labor market
restructuring.

Taken together, these propositions formalize the theoretical mechanism proposed in this
article and clarify how demographic transformation may shape technological trajectories in
modern economies. By specifying testable propositions, the framework provides a
foundation for future empirical research examining the interaction between demographic
aging, labor scarcity, and automation adoption across different economic contexts.

Core Causal Mechanism

Task Automatability Human Capital Composition
| |
1 1
1 1
1 1
A 4 A 4
Population Aging > Labor Scarcity > Automation Adoption | Labor Market Restructuring

Figure 2. Conceptual Mechanism Linking Population Aging to Automation Adoption
Source: Author’s conceptualization

The figure clarifies the central causal mechanism developed in the article by showing how
demographic transformation translates into technological change through labor scarcity. It
organizes the theoretical argument into a sequential mechanism linking population aging,
labor market pressures, and firms’ incentives to adopt automation technologies. Figure 2
clarifies the causal logic linking demographic transformation to technological substitution.
The mechanism begins with population aging, which reduces the availability of working-age
labor and generates labor scarcity. Rising labor constraints strengthen firms’ incentives to
adopt automation technologies, and this process ultimately restructures labor markets by
altering task allocation and skill demand. Moderating conditions such as task automatability
and the composition of human capital influence how strongly labor scarcity translates into
automation adoption across industries and occupations.

5.5 The Demography-Driven Automation Economy

Building on the mechanisms described above, this article introduces the concept of a
demography-driven automation economy. This concept refers to an economic environment
in which demographic aging systematically influences technological trajectories by
generating structural incentives for automation adoption. Within such an economy,
technological substitution emerges not solely from technological breakthroughs but also from
demographic pressures that reshape production constraints.
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The proposed framework positions population aging as the structural driver initiating the
transformation of economic production systems. Demographic change generates labor
scarcity, which stimulates technological substitution and encourages firms to adopt
automation technologies. These dynamics collectively give rise to what the article
conceptualizes as a demography-driven automation economy.

Importantly, the relationship between demographic change and automation is not
deterministic. Several contextual factors may influence how demographic pressures
translate into technological adoption. For instance, sectoral characteristics, technological
capabilities, and human capital availability may moderate the relationship between labor
scarcity and automation adoption. Industries characterized by routine-intensive tasks may
exhibit stronger automation responses, while knowledge-intensive sectors may rely more
heavily on human capital complementarity.

Taken together, the conceptual framework integrates insights from demographic economics,
theories of directed technological change, and automation research into a unified
explanatory model. By clarifying the mechanisms linking population aging, labor scarcity, and
technological substitution, the framework provides a foundation for future empirical research
examining how demographic transformations influence technological trajectories in modern
economies.

Structural Driver Mediating Mechanism Technological Process Organizational Outcome
Technological D
. . A echnologica 0 A
Population Aging —»| Labor Scarcity | Substitution > Automation Adoption ’

A

Task Automatability

»
i

Demography-Driven Automation Economy
Sectoral Characteristics Human Capital Composition

Figure 3. The Demography-Driven Automation Economy: Conceptual Model
Source: Author’s conceptualization

As illustrated in Figure 3, the proposed framework positions population aging as the structural
driver initiating the transformation of economic production systems. The model shows that
demographic change generates labor scarcity, which stimulates technological substitution
and encourages firms to adopt automation technologies. These dynamics collectively give
rise to what the article conceptualizes as a demography-driven automation economy, while
contextual factors—task automatability, human capital composition, and sectoral
characteristics—shape the strength and form of automation adoption across industries.

6. Discussion

The conceptual framework positions the proposed model within the literature on
demographic economics, technological change, and labor market transformation. The
framework highlights mechanisms linking population aging, labor scarcity, and technological
substitution, showing how it extends existing theory and identifies structural conditions that
intensify automation adoption in aging economies. The argument aligns with theories of
structural economic transformation suggesting that technological change often emerges from
shifting production constraints. As demographic transition reduces labor supply, firms
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increasingly adopt automation technologies to sustain productivity growth and maintain
economic competitiveness (Aghion et al., 2019; Goodhart & Pradhan, 2020).

6.1 Theoretical Contributions

The conceptual framework advances the literature by integrating demographic
transformation into theories of technological change and automation. It conceptualizes
population aging as a structural driver of labor scarcity that reshapes firms’ incentives for
technological substitution, linking research on demographic economics, directed
technological change, and task-based automation. This integration clarifies how
demographic pressures influence innovation incentives and technological adoption in
contemporary economies.

The first theoretical contribution lies in conceptualizing population aging as a structural driver
of technological change rather than merely a contextual demographic trend. Previous studies
have documented empirical associations between demographic aging and automation
adoption across countries (Acemoglu & Restrepo, 2022; Abeliansky & Prettner, 2023), yet
the mechanisms connecting these phenomena have remained insufficiently theorized. The
framework proposed in this article clarifies this relationship by identifying labor scarcity as
the mediating mechanism through which demographic transformation reshapes firms’
incentives to adopt automation technologies. This mechanism-based explanation
strengthens theoretical understanding by moving beyond descriptive correlations toward a
structured causal interpretation linking demographic change and technological substitution.

A second contribution concerns the integration of demographic dynamics into the theory of
directed technological change. Classical formulations of directed technological change
suggest that technological innovation evolves in response to relative factor scarcity, with
firms developing technologies that economize on scarce production inputs (Acemoglu,
2002). However, these models have rarely incorporated demographic processes as a source
of structural labor scarcity. By positioning demographic aging as a driver of labor scarcity,
the proposed framework extends this theoretical perspective and explains how demographic
transformation can influence the direction of technological innovation across industries and
economies.

Finally, the concept of a demography-driven automation economy offers a broader
integrative perspective linking demographic transition theory with automation research.
While task-based models explain how automation reallocates tasks between humans and
machines (Autor et al., 2003; Acemoglu & Restrepo, 2019), the framework developed in this
article explains why automation incentives may intensify under specific demographic
conditions. By situating technological substitution within the broader context of demographic
transformation, the proposed model contributes to a more comprehensive theoretical
understanding of the structural forces shaping technological trajectories in aging economies.

6.2 Implications for Economic Theory

The framework proposed in this article has broader implications for economic theory,
particularly regarding how demographic transformation is incorporated into models of
technological change. Conventional economic models often treat demographic conditions as
exogenous variables that influence labor markets but do not directly shape the direction of
technological innovation. The conceptual framework developed here suggests that
demographic change may instead function as a structural driver of technological trajectories.
As population aging alters labor supply conditions and increases labor scarcity, firms face
stronger incentives to adopt technologies that economize on labor inputs. In this sense,
demographic transformation may play a more central role in shaping technological
development than is typically recognized in existing economic models.
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The framework also contributes to the theoretical understanding of automation and labor
market restructuring. Much of the existing literature has focused on the consequences of
automation for employment, wage inequality, and occupational change (Acemoglu &
Restrepo, 2020; Autor & Dorn, 2013). While this research has generated important insights
into the labor market effects of automation, it has paid comparatively less attention to the
structural forces motivating automation adoption. By linking automation incentives to
demographic pressures, the present framework complements existing research by
explaining the economic conditions under which technological substitution is likely to
accelerate.

More broadly, the model highlights the importance of integrating demographic transition into
theories of structural economic transformation. Demographic change has long been
recognized as a key driver of economic development, yet its relationship with technological
change has received relatively limited theoretical attention. By connecting demographic
economics with theories of innovation and automation, the framework proposed in this article
suggests that demographic transitions may influence not only labor supply dynamics but also
the technological pathways through which economies adapt to changing production
constraints.

6.3 Policy Implications

The conceptual framework developed in this study also carries important implications for
policymakers confronting the economic consequences of population aging. Many countries
are currently experiencing significant demographic shifts characterized by declining fertility
rates and increasing life expectancy, leading to shrinking working-age populations and rising
dependency ratios (United Nations, 2022). These demographic changes may create labor
supply constraints that affect economic productivity and long-term growth prospects. The
framework proposed in this article suggests that technological adoption—particularly
automation—may serve as an economic response to these demographic pressures by
enabling firms to maintain production levels despite labor shortages.

However, the increasing reliance on automation technologies also raises important policy
considerations. While automation can enhance productivity and economic efficiency, it may
simultaneously reshape labor market structures by altering demand for different types of
skills. Workers in routine-intensive occupations may face higher displacement risks, while
workers with advanced digital and cognitive skills may benefit from complementarities with
automation technologies (Acemoglu & Restrepo, 2019). Policymakers therefore face the
challenge of ensuring that technological adoption contributes to inclusive economic
development rather than exacerbating labor market inequalities.

One important policy implication concerns the need for sustained investment in human
capital development. As automation technologies expand across industries, education and
training systems may need to emphasize digital competencies, adaptability, and lifelong
learning in order to prepare workers for technologically evolving labor markets. Policies that
support workforce reskilling, vocational training, and digital education may help workers
adapt to technological change and reduce the risks of structural unemployment in aging
societies.

Finally, the framework highlights the importance of technological and innovation policies in
managing demographic transition. Governments may play a crucial role in facilitating
technological adoption through investments in research and development, digital
infrastructure, and innovation ecosystems. At the same time, regulatory frameworks may
need to ensure that technological diffusion occurs in ways that support productivity growth
while maintaining social and labor market stability. Understanding the interaction between
demographic transformation and technological change may therefore help policymakers
design strategies that promote sustainable economic development in aging economies.
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7. Conclusion

Population aging and technological automation represent two of the most significant
structural transformations shaping contemporary economic systems. While these
phenomena have often been studied separately, this article argues that demographic change
may play a critical role in shaping technological trajectories. By developing an integrative
conceptual framework, the study demonstrates how population aging can influence firms’
incentives to adopt automation technologies through the mechanism of labor scarcity. This
perspective highlights the importance of understanding demographic transformation not only
as a social or demographic phenomenon but also as a structural factor influencing
technological change and economic organization.

The conceptual framework proposed in this article contributes to the literature by integrating
insights from demographic economics, directed technological change, and task-based
automation theory. By identifying labor scarcity as the key mechanism linking population
aging and technological substitution, the model provides a clearer explanation of how
demographic transformation can reshape production incentives and innovation dynamics.
The concept of a demography-driven automation economy offers a theoretical lens through
which scholars can better understand the interaction between demographic transition and
technological development in modern economies.

Beyond its theoretical contribution, the framework also provides a foundation for future
empirical research examining how demographic pressures influence automation adoption
across industries and regions. Future studies could test the proposed relationships using
cross-country panel data, firm-level technology investment data, or sectoral analyses of labor
market dynamics. In addition, research could further explore contextual factors—such as
institutional environments, technological capabilities, and human capital composition—that
moderate the relationship between demographic change and automation incentives.

Understanding the interaction between demographic transformation and technological
change is increasingly important as many economies enter advanced stages of demographic
transition. As population aging reshapes labor supply conditions around the world,
technological substitution may become an increasingly central mechanism through which
firms and economies adapt to structural labor constraints. Recognizing the role of
demographic forces in shaping technological adoption therefore provides a more
comprehensive perspective on the long-term evolution of economic systems in the twenty-
first century.
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