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Abstract

Against the backdrop of rapid advances in digital technologies and widespread adoption,
digital skills are significantly associated with higher employment quality for migrant work-
ers, particularly for the employment prospects and continued labor market participation of
older migrant workers and their sustainable employability in an increasingly digitalized
labor market. This study employs a two-way fixed effects model with province and year
fixed effects to empirically examine the impact of digital skills on employment quality and
its underlying mechanisms from an information acquisition perspective. Based on three
waves of panel data from the China Family Panel Studies (CFPS) in 2018, 2020, and 2022, the
analysis focuses on migrant workers aged 50 and above. The findings reveal the following:
(1) Digital skills are positively and significantly associated with employment quality among
older migrant workers, with entertainment, work-related, and learning skills demonstrating
particularly pronounced effects. (2) Mechanism analysis indicates a statistically significant
indirect association of digital skills with employment quality, with significant differences
observed across different dimensions of digital skills. (3) Heterogeneity analysis further
reveals that digital skills have a more pronounced effect on improving employment quality
among older migrant workers with higher education levels, those in east regions, and
those with employment in another city. Based on these findings, the following policy
recommendations are proposed: Governments should coordinate efforts to extend digital
infrastructure to underserved areas and provide targeted and employment-oriented digital
skills training to lower technological barriers. Employment service platforms should be
optimized to facilitate the matching of workers with relevant employment information
and job opportunities and offer age-friendly course offerings, thereby bridging the digital
age gap. Regionalized, tiered precision intervention strategies should be implemented to
maximize the marginal benefits of digital skills in promoting high-quality employment for
older migrant workers, fostering more inclusive and sustainable labor market development.

Keywords: digital skills; older migrant workers; employment quality; mediating effect;
sustainable employment

1. Introduction
The rapid development of the digital economy has given rise to numerous new forms

of employment and flexible work arrangements, making it an increasingly important
channel for absorbing labor, particularly migrant workers. As digital transformation
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continues to reshape labor markets, ensuring that workers can equitably participate in and
benefit from this transformation has become an important component of inclusive and
sustainable development. As a core component of the digital economy, digital skills not only
facilitate the continued emergence of new jobs and occupations but also provide workers
with greater opportunities to adapt to technological change, improve their labor market
competitiveness, and enhance their employment quality [1]. The growing importance
of digital capabilities also highlights the broader issue of digital inclusion, as workers
increasingly need to possess the capabilities required to participate effectively in digitalized
economic activities. The 2025 Government Work Report explicitly called for “greater efforts
to stabilize and expand employment and promote high-quality and full employment”,
providing clear policy direction for employment promotion in the new era. As digitalization
becomes increasingly integrated into the labor market, the ability of workers to adapt to
changing employment environments has become an increasingly important consideration
for inclusive and sustainable employment development.

According to official statistics, the total migrant worker population in China reached
299.73 million in 2024, representing a 0.7% increase from the previous year. As an important
component of China’s labor market, migrant workers remain predominantly concentrated
in relatively low-skilled occupations. According to the definition of the National Bureau
of Statistics, migrant workers aged 50 and above are classified as older migrant workers.
In this study, older migrant workers are likewise defined as migrant workers aged 50
and above, and the empirical analysis further focuses on rural respondents who meet this
definition. As the number of older migrant workers continues to increase, their continued
participation and adaptation in the labor market have become increasingly important. For
this group, employment is not simply a means of obtaining income but is also closely
related to employment stability, working conditions, social protection, and their ability to
remain economically active in the later stages of their working lives. Meanwhile, changes
in industrial structure and the emergence of new forms of employment are reshaping
the employment choices and conditions of migrant workers [2]. Against the backdrop of
industrial transformation and the emergence of new industries, the widespread adoption
of digital technologies has not only improved overall economic efficiency but has also
increased the demand for workers’ digital capabilities. This transformation may create
new opportunities but may also widen disparities between workers with different levels of
digital skills, thereby generating new forms of digital inequality in the labor market.

For older migrant workers, who may face disadvantages in educational attainment,
skill accumulation, and adaptation to technological change, the diffusion of digital tech-
nologies presents both opportunities and challenges. On the one hand, acquiring digital
skills may enable them to access employment information more efficiently, expand their job
search channels, and increase employment opportunities, thereby creating favorable condi-
tions for improving employment quality. On the other hand, insufficient digital capabilities
may limit their ability to participate in the digital economy and potentially exacerbate their
vulnerability in an increasingly technology-driven labor market. The potential employment
implications of digital transformation are therefore not limited to the creation of employ-
ment opportunities but may also extend to the quality of the jobs that workers obtain and
maintain [3]. Therefore, digital skills can be regarded not only as a means of improving im-
mediate employment outcomes but also as an important capability for enhancing workers’
adaptability and sustainable employability during digital transformation.

Digital inclusion is not simply a matter of access to digital technologies; it also concerns
whether individuals possess the capabilities required to use digital technologies effectively
and participate in economic activities. For workers, the ability to translate digital access into
effective employment-related use may therefore be an important condition for benefiting
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from digital transformation. This consideration is particularly relevant for older migrant
workers, who may face greater difficulties in adapting to an increasingly digitalized labor
market. Recent research on digital skills and entrepreneurship also highlights the impor-
tance of digital capabilities for enabling individuals to participate more effectively in digital
economic activities and has implications for digital inclusion policy [4].

Against this background, several questions remain to be addressed. First, although
existing research has documented the labor market implications of digitalization and digital
skills, less attention has been paid to the employment quality of older migrant workers,
a group that may face greater constraints in adapting to digital transformation. Second,
the mechanisms through which digital skills translate into employment quality outcomes
remain insufficiently understood, particularly the role of workers’ capacity to acquire
employment-related information. Access to timely and relevant labor market information
may reduce search frictions, broaden employment opportunities, and facilitate better job
matching. Accordingly, this study examines whether digital skills are associated with
employment quality among older migrant workers and investigates whether perceived
information acquisition capacity serves as a mediating mechanism. By focusing on rural
migrant workers aged 50 and above and using three waves of CFPS panel data, this study
contributes to the literature on digital inclusion and employment quality by identifying
a micro-level mechanism linking digital capabilities to employment outcomes. The find-
ings also provide empirical evidence relevant to the development of more inclusive and
sustainable labor markets during digital transformation.

2. Literature Review
The concept of employment quality can be traced back to the “quality of working life”

that emerged in the United States in the 1970s. It subsequently evolved into the concept of
“decent work” proposed by the International Labour Organization (ILO) and the “quality
of work” advocated by the European Union and has, in recent years, further developed
into the concept of “high-quality employment” [5]. Its conceptual scope has continued
to expand over time. Liu, S.H. (2005) [6], a Chinese scholar, defined employment quality
as the quality of the integration of workers with the means of production, encompassing
multiple dimensions such as the working environment, employment stability, and wage
levels. The European Foundation for the Improvement of Living and Working Conditions
established a four-dimensional evaluation framework comprising income quality, career
development, intrinsic quality of work, and working time quality [7].

These developments indicate that employment quality is no longer understood solely
in terms of whether individuals are employed or how much they earn. Instead, it in-
creasingly encompasses the broader conditions under which employment is obtained and
sustained, including employment stability, working conditions, income, social protection,
and workers’ subjective experiences. This broader understanding is particularly relevant in
the context of rapid technological and structural changes in the labor market. As digital
technologies reshape how employment opportunities are created, information is accessed,
and workers are matched with jobs, differences in workers’ ability to use digital tech-
nologies may increasingly translate into differences in employment opportunities and
employment quality.

Existing studies have examined the relationship between digital skills and the em-
ployment quality of migrant workers from various perspectives. From a human capital
perspective, digital skills can directly promote income growth by expanding channels
for non-agricultural employment and increasing the returns to human capital [8]. Some
scholars have found that improved digital skills among rural residents can facilitate the
integration and utilization of information resources and enhance their ability to identify
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market information, thereby unlocking income potential and creating economic value [9].
Yi, F.M. (2023) [10] found that Internet use can significantly improve the employment
quality of migrant workers by enhancing occupational matching as well as human and
social capital. In terms of labor market matching efficiency, Krueger’s research on the
relationship between Internet use and workers’ income revealed the positive effects of
digital skills on income and job opportunities [11]. Guo, L. and Wang, L. (2025) [12] argued
that improvements in digital skills facilitate more efficient matching between workers
and jobs, while real-time employment information provided by digital infrastructure can
reduce unfocused job search and lower the frequency of job changes. In terms of wage
income, digital technologies can effectively reduce information costs and broaden workers’
sources of employment information [13], thereby helping workers identify employment
opportunities that better match their skills and preferences. These findings suggest that
digital capabilities may influence not only workers’ earnings but also the quality and
matching efficiency of their employment. At the broader policy level, the development of
digital skills has therefore been increasingly linked to inclusive participation in the digital
economy and the distribution of the benefits associated with digital transformation [14].

Taken together, the existing literature suggests that digital skills may be associated with
employment quality through several interconnected channels, including human capital
utilization, information acquisition, occupational matching, and workers’ ability to adapt
to changing labor market requirements. However, these mechanisms may not operate
uniformly across workers. Individuals with relatively limited educational attainment,
weaker skill accumulation, or greater difficulty adapting to technological change may face
greater constraints in converting digital technologies into employment opportunities and
improved employment conditions. This issue is particularly relevant to older migrant
workers, who may have accumulated human capital under employment conditions that
differ substantially from those of younger workers and who increasingly need to adapt to a
digitalized labor market environment.

As the older migrant worker population continues to expand, increasing attention has
been paid to the quality of their employment. In the context of rapid digitalization, indus-
trial restructuring, and changing employment arrangements, the employment challenges
faced by older migrant workers are no longer limited to access to employment itself. They
also involve whether these workers can obtain timely employment information, identify
suitable job opportunities, adapt to changing job requirements, and maintain stable and
satisfactory employment conditions. Existing studies have largely treated migrant workers
as a homogeneous group or examined older migrant workers primarily as a comparison
group in studies of the new generation of migrant workers, with limited in-depth analysis
specifically focused on this group. This relative lack of attention is important because
the employment experiences of older migrant workers may differ from those of younger
workers when labor market participation increasingly depends on digital access and digital
capabilities. In terms of data, most existing studies rely on cross-sectional data and focus
on the effects of individual endowments, such as human capital and social capital, on
employment. However, relatively little research has tracked the dynamic relationship
between digital skills and employment quality and its long-term evolution. Thus, although
existing research has established important links between digital capabilities and employ-
ment outcomes, less is known about how digital skills are related to the multidimensional
employment quality of older migrant workers amid continuing technological and social
change. To address this gap, this study uses three waves of China Family Panel Studies
(CFPS) panel data from 2018, 2020, and 2022 to systematically examine the relationship
between digital skills and the employment quality of older migrant workers and further
investigate the underlying mechanisms.
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The potential contributions of this study are threefold. First, by focusing specifically
on older migrant workers, the study extends existing research on digital skills and em-
ployment beyond the general migrant worker population and provides empirical evidence
on an increasingly important but relatively understudied group. Second, by identifying
perceived information acquisition capacity as a potential mediating mechanism, the study
provides empirical evidence on how digital skills may be translated into differences in
employment quality. Third, by examining heterogeneity across educational attainment,
regional context, and employment location, the study identifies differences in the associa-
tion between digital skills and employment quality across groups and provides evidence
that can inform more targeted policies for improving employment quality among older
migrant workers. These findings are relevant to the broader discussion of inclusive and
sustainable labor market development in the context of digital transformation and pop-
ulation aging. Beyond extending the existing literature to older migrant workers, these
findings suggest that the employment relevance of digital engagement is not necessarily
uniform across workers. The heterogeneous associations across educational attainment,
regional location, and workplace location provide a more nuanced understanding of the
digital skills–employment relationship by highlighting the importance of individual and
contextual conditions.

3. Theoretical Analysis and Research Hypotheses
In the era of the digital economy, digital technologies have become deeply embedded

in both production activities and everyday life, exerting profound effects on labor market
structures and workers’ employment behavior [15]. As an important dimension of worker
competencies, digital skills span a wide range of activities, including learning, work, social
interaction, and entertainment, and have emerged as a key factor influencing employment
quality. For older migrant workers, the adoption and use of digital technologies may
depend on their perceived benefits, potential risks, and ability to participate in digitalized
economic activities.

3.1. The Impact of Digital Skills on the Quality of Employment for Older Migrant Workers

In labor markets characterized by pervasive information asymmetry, workers’ wage
levels are often constrained by the relative bargaining power of employers and workers [16].
According to Marxist productivity theory, technological innovation driven by industrial
digitalization promotes the rapid development of social productive forces. Through online
platforms, digital industries broaden channels for the dissemination of knowledge and
information, thereby helping older migrant workers acquire digital skills and accumulate
human capital [17]. From a human capital perspective, digital skills can enhance work-
ers’ capacity to use digital technologies in learning and work, which may increase their
productivity and improve their ability to respond to changing employment requirements.
According to wage bargaining theory, when employment opportunities are more abun-
dant and workers possess stronger human capital, their wage bargaining power may be
strengthened, which, in turn, may contribute to improved employment quality. Based on
data from the 2010 China Family Panel Studies (CFPS), Liu, Z.L. and Jin, W.J. (2015) [18]
found that digital technology has a significant effect on the wage bargaining power of
Chinese workers. Other studies have also examined the marginal effect of digital skill
disparities on polarization in employment quality [19].

These arguments suggest that digital skills may be related to employment quality not
only through productivity and wage-related returns but also through workers’ ability to
navigate an increasingly information-intensive labor market. Higher levels of digital skills
can reduce information search costs, improve job-matching efficiency, and enhance labor
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productivity through the use of digital tools, thereby contributing to higher wages and
greater employment stability. For example, older migrant workers who frequently use
digital platforms may access employment information and resources through a wider range
of channels, identify alternative employment opportunities, and improve the alignment be-
tween their capabilities and job requirements [20]. From the perspective of household labor
supply, access to digital employment information may also reduce unnecessary job search
and commuting costs and provide workers with greater flexibility in making employment
decisions, which may be reflected in job satisfaction and working conditions [21]. From the
perspective of sustainable human development theory, enhancing workers’ capabilities,
including their ability to participate effectively in digitalized labor markets, is essential for
improving employment quality, individual well-being, and inclusive development. The
acquisition and continuous improvement of digital skills represent an ongoing process of
human capital accumulation and capability enhancement. For older migrant workers, such
capability development may not only improve their ability to respond to technological
change but also strengthen their capacity to maintain participation in an evolving labor
market. In this sense, digital skills can contribute to the sustainability of individual em-
ployment by enhancing workers’ adaptability and reducing the risk of exclusion during
digital transformation. In addition, stronger work-related digital skills can improve la-
bor production efficiency and reduce work intensity. Meanwhile, migrant workers with
stronger social digital skills can use Internet platforms to acquire knowledge of labor laws,
strengthen their ability to identify information, and improve their level of employment
protection, thereby enhancing job stability [22].

Taken together, the existing theoretical and empirical evidence suggests that digital
skills may be associated with multiple dimensions of employment quality, including
compensation, work intensity, employment stability, job satisfaction, and employment
protection. More importantly, these potential returns may be related to workers’ ability
to obtain and use employment-related information and to identify jobs that better match
their capabilities. For older migrant workers, whose employment decisions increasingly
take place in a digitalized labor market environment, this information-related capability
may be particularly relevant. Based on these considerations, this paper proposes the
following hypothesis:

H1. Digital skills are positively associated with the employment quality of older migrant workers.

3.2. The Transmission Mechanism Through Which Digital Skills Influence the Quality of
Employment for Older Migrant Workers

Perceived importance of Internet-based information acquisition constitutes the central
mechanism proposed in this study through which digital skills are associated with the
employment quality of older migrant workers. According to information asymmetry theory,
workers and employers do not possess the same amount or quality of information when
making employment decisions, and limited access to employment-related information
may increase search costs and reduce the efficiency of job matching [23]. Digital skills can
help reduce this information friction by improving workers’ ability to access, search for,
evaluate, and utilize employment-related information.

On the one hand, digital skills can enhance the perceived information acquisition
capacity of older migrant workers. Workers with stronger digital skills can use a wider
range of online channels to search for and obtain employment-related information, thereby
reducing their dependence on limited offline information sources [24]. By reducing their
dependence on limited offline information channels, digital skills may enable older mi-
grant workers to obtain a broader range of information about vacancies, wages, working
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conditions, and employment requirements. This can reduce information search costs and
increase the set of employment opportunities that workers are able to consider.

On the other hand, improved information acquisition can translate into better employ-
ment outcomes through more efficient job search and labor market matching. According
to job search theory, workers search for employment opportunities under conditions of
incomplete information and search costs. Better access to employment information can
increase the efficiency of the job search and improve the probability of finding opportuni-
ties that match workers’ skills and preferences [25]. For older migrant workers, stronger
information acquisition capacity may therefore help them identify more suitable jobs, com-
pare employment conditions across opportunities, and reduce mismatches between their
capabilities and job requirements. Such improvements in matching may subsequently be
reflected in employment stability, compensation, job satisfaction, and other dimensions of
employment quality.

Meanwhile, the digital transformation of the labor market has raised the requirements
for workers’ digital skills. Workers with stronger perceived information acquisition capac-
ity are better able to search for employment opportunities that match their skills, thereby
reducing information search costs and expanding their employment channels. Enhanced
perceived information acquisition capacity not only contributes to higher employment qual-
ity but also alleviates frictional unemployment arising from information asymmetry [26].
According to job search theory, the development of digital technologies has transformed
the ways and channels through which information is disseminated. Older workers’ digital
skills affect the efficiency with which they acquire, process, and utilize information, thereby
shaping their employment quality along multiple dimensions [27].

Taken together, digital skills enhance workers’ capacity to obtain and use employment-
related information; improved information acquisition reduces information frictions and
search costs; and more efficient information-based job search facilitates better matching
between workers and employment opportunities, which may ultimately be reflected in
higher employment quality. Thus, perceived importance of Internet-based information
acquisition provides a theoretically grounded channel linking digital skills to employment
quality. Based on these arguments, this study proposes the following hypothesis:

H2. Perceived information acquisition capacity mediates the association between digital skills and
the employment quality of older migrant workers.

3.3. The Heterogeneity of the Impact of Digital Skills on the Quality of Employment Among Older
Migrant Workers

The returns to digital skills may differ across workers because individuals possess
different levels of pre-existing human capital and operate in different labor market environ-
ments. Older migrant workers with higher levels of education are better able to convert
digital skills into greater productivity, thereby obtaining wage premiums and opportunities
for job upgrading. This argument is consistent with the human capital perspective, which
suggests that education enhances individuals’ capacity to acquire, process, and apply new
knowledge and technologies. Consequently, workers with higher educational attainment
may be better positioned to translate digital skills into employment-related returns. The la-
bor market environment may also shape the returns to digital skills. Differences in regional
economic development, digital infrastructure, industrial structure, and the degree of labor
market digitalization can affect both the availability of digital employment opportunities
and the value of workers’ digital capabilities. Therefore, the relationship between digital
skills and employment quality may vary across regions with different levels of economic
and digital development. Within local labor market networks, digital skills are particularly
valuable in local flexible employment settings where information costs are relatively high.

https://doi.org/10.3390/su182110707

https://doi.org/10.3390/su182110707


Sustainability 2026, 18, 10707 8 of 30

Similarly, the place of work may shape the extent to which digital skills can be translated
into employment-related benefits. Local and non-local employment may involve different
employment environments, information channels, job search costs, and access to labor
market networks.

Overall, the association between digital skills and employment quality may vary
across older migrant workers with different levels of human capital and across different
labor market environments. This heterogeneity does not imply that digital skills necessarily
have stronger or weaker effects in a particular group; rather, it suggests that the employ-
ment returns to digital capabilities may depend on workers’ human capital and the labor
market environments in which they participate. Such heterogeneity requires policymakers
to not only promote improvements in digital skills but also to explore equitable employ-
ment opportunities for different groups according to local conditions, thereby fostering
a more inclusive labor market. Based on these considerations, this study proposes the
following hypothesis:

H3. The association between digital skills and the employment quality of older migrant workers
varies across groups with different levels of educational attainment, regions, and places of work.

The theoretical logical framework of this paper is illustrated in Figure 1.

Figure 1. The theoretical mechanism through which digital skills influence the quality of employment
for older migrant workers.

4. Research Design
4.1. Model Specification
4.1.1. Benchmark Regression Model

Drawing on the CFPS database, this paper constructs a two-way fixed-effects model
with province and year fixed effects to examine the impact of digital skills on the quality of
employment amongst older workers; the specific model is as follows:

EQijt = α0 + α1Digijt + ∑n
k=1 λkXijt + ηj + γt + εijt (1)

In Model (1), EQijt denotes the comprehensive index of employment quality for older
workers, Digijt indicates the comprehensive digital skills index, the subscripts I, j, and t
denote individuals, provinces, and years, respectively. Xijt is a set of control variables, ηj

represents the province fixed effects, γt represents the fixed effects for the year, and εijt is
an error term.
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4.1.2. Mediation Effect Model

To further investigate the potential mechanisms through which the relationship be-
tween digital skills and the employment quality of older migrant workers may operate, this
study adopts the mediation testing procedure proposed by Baron and Kenny (1986) [28]
and extends the benchmark model (1) by constructing the following econometric models:

IACijt = β0 + β1Digijt + ∑n
k=1 λkXijt + ηj + γt + εijt (2)

EQijt = δ0 + δ1Digijt + δ2IACijt + ∑n
k=1 λkXijt + ηj + γt + εijt (3)

In Models (2) and (3), IACijt denotes perceived importance of Internet-based informa-
tion acquisition, and Digijt denotes the composite index of digital skills. According to the
mediation test criteria, the mediation analysis estimates the indirect association through
the proposed mediator. In addition to examining the component paths, the indirect effect
is calculated as the product of the coefficient linking digital skills to the mediator and
the coefficient linking the mediator to employment quality conditional on digital skills.
Statistical inference for the indirect effect is based on bootstrap confidence intervals.

4.2. Sample and Data Sources

The data used in this study are drawn from the China Family Panel Studies (CFPS),
a longitudinal survey that has been conducted biennially since 2010 using probability
sampling to track household and individual information through face-to-face or telephone
interviews. The survey covers respondents from 25 provinces, municipalities, and au-
tonomous regions in China and provides a rich sample with good representativeness and
timeliness. The 2022 wave is the latest complete version released by the Institute of Social
Science Survey at Peking University in 2024.

This study uses microdata from three waves of the CFPS (2018, 2020, and 2022) for the
empirical analysis. The 2018 CFPS data are first used to identify the baseline sample, which
is then matched with the 2020 and 2022 waves to construct the longitudinal sample. The
sample is processed as follows: First, observations with urban household registration are
excluded. Second, based on the definition of migrant workers provided by the National
Bureau of Statistics, rural migrant workers aged 50 and above are identified from the
2018 baseline sample. Third, the selected individuals are tracked across the 2020 and
2022 waves using individual identification codes, and individual- and household-level
information is merged based on individual identification codes and household identifiers.
Fourth, observations with missing values or outliers in key variables are excluded. The
final analytical sample consists of 2042 observations and is an unbalanced panel.

4.3. Variable Description
4.3.1. Dependent Variable: Quality of Employment for Migrant Workers (EQ)

Employment quality of older migrant workers is a multidimensional measure that
provides a more comprehensive and representative assessment than individual indicators
such as income, employment opportunities, or employment structure. Based on CFPS data,
this study follows the existing literature on the assessment of migrant workers’ employment
quality [29] and draws on Leschke [30] to conceptualize employment quality as the overall
performance of migrant workers in terms of wage levels, employment stability, social
security, and working hours. Drawing on the existing literature, this paper constructs
an indicator system for the employment quality of older migrant workers covering five
dimensions: labor compensation, work intensity, job satisfaction, social welfare and security,
and employment environment. The entropy-weighting method is applied to the full pooled
panel sample for objective weighting to construct the composite employment quality index,
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the entropy-weighting method determines the relative weights according to the information
variation contained in the observed data, thereby reducing the subjectivity associated with
assigning equal or predetermined weights and improving the objectivity and comparability
of the composite measure. We perform min–max normalization for both positive and
negative indicators. A tiny offset term is added after normalization to avoid zero values in
logarithmic calculation. Entropy value, information utility value, and indicator weights
are subsequently computed, and the weighted sum yields the composite employment
quality score.

Given an evaluation problem with m indicators and n objects to be evaluated, the
composite index is calculated through the following four steps:

Step 1: Normalize the raw data matrix. The normalization formula for positive
indicators is as follows:

rij =
aij − minaj

maxaj − minaj
.

Step 2: Define the entropy. The entropy of the ith indicator is given by:

hi = −k
n

∑
j=1

fij ln fij,

Among these, fij =
rij

n
∑

j=1
rij

, k = 1
ln n (when fij = 0, fijlnfij = 0).

Step 3: Define the entropy weight. The entropy weight of the *i*th indicator is given
by:

wi =
1 − hi

m −
m
∑

i=1
hi

,

(where 0 ≤ wi ≤ 1,
m
∑

i=1
wi wi = 1).

Step 4: Calculate the composite index. The formula is as follows:

gi =
n

∑
j=1

rijwi

4.3.2. Key Explanatory Variable: Digital Skills (Dig)

Drawing on Yi, F.M. (2020) [10] and Li, L. et al. (2025) [31], this study constructs a digi-
tal skills evaluation indicator system using the overall level of digital skills as a measure of
digital skills among older migrant workers. The individual questionnaire in the CFPS asks
respondents about the “frequency of using the Internet for learning, work, social interaction,
and entertainment.” Given the practical and behavioral nature of digital skills, digital skills
are reflected not only in individuals’ technical knowledge but also in their ability to use
digital technologies to perform different tasks and participate in digitalized activities. How-
ever, the CFPS measure used in this study does not directly capture individuals’ technical
or cognitive digital abilities. Rather, it serves as a behavioral proxy for digital skills by
capturing the frequency and breadth of Internet engagement across multiple functional
domains. Therefore, the frequency with which individuals use the Internet for different
purposes provides observable evidence of the extent to which they engage with and apply
digital technologies in practice. Based on respondents’ answers, this study examines the
effect of digital skills proficiency on the employment quality of older migrant workers
across four dimensions: learning, work, social interaction, and entertainment. These four
dimensions capture different functional applications of digital technologies. Learning-
related Internet use reflects the use of digital technologies for acquiring knowledge and
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developing skills; work-related Internet use reflects the application of digital technologies
in employment-related activities; and social Internet use captures digital communication
and interaction. Thus, considering these dimensions jointly allows digital skills to be
measured from multiple functional contexts rather than from a single type of Internet use.
Specifically, four types of digital skills available in the CFPS—learning digital skills, work
digital skills, social digital skills, and entertainment digital skills—are assigned values,
and a composite digital skills index is calculated using the entropy-weighting method.
The specific calculation procedure follows the one used for the employment quality index.
The selection of these four functional domains ensures that the indicator captures the
multidimensional nature of Internet-based digital engagement. Although the frequency
of Internet use in a single context may be influenced by individuals’ specific preferences
or occupational requirements, the composite measure based on four distinct functional
domains reduces the dependence of the measurement on any single usage scenario and
better captures the overall extent of individuals’ engagement with and application of digital
technologies. Accordingly, the composite index provides an empirically observable and
multidimensional measure of digital skills based on the information available in the CFPS.

4.3.3. Control Variables

Following the theoretical framework developed in this study, we include a set of
individual, family, employment-related, and regional characteristics that may be associated
with both digital skills and employment quality among older migrant workers. This
includes age, Communist Party membership, marital status, health status, educational
attainment, work pressure, and GDP. The selection of these control variables is based on the
theoretical mechanisms discussed above and the factors commonly associated with digital
skills and employment quality. Specifically, age and health status capture differences in
workers’ labor capacity and ability to adapt to technological change; educational attainment
captures differences in human capital and the capacity to transform digital skills into labor
market returns; marital status reflects household circumstances that may shape labor-
supply and employment decisions; Communist Party membership captures differences in
organizational and social embeddedness that may be associated with access to information
and employment-related resources; work pressure captures differences in employment
conditions; and provincial GDP per capita accounts for differences in regional economic
development and labor market conditions. Controlling for these observable characteristics
allows the empirical model to distinguish the relationship between digital skills and
employment quality from systematic differences in workers’ individual circumstances,
household conditions, employment environments, and regional economic conditions. The
definitions of all variables are reported in Table 1, while the descriptive statistics are
presented in Table 2.

Age (Ag): Age is measured as the respondent’s actual age in the survey year. Age is
included because it may affect both the acquisition and effective use of digital skills and the
quality of employment among older migrant workers. As workers age, the accumulation
and depreciation of skills, their ability to adapt to technological change, and their capacity
to participate in an increasingly digitalized labor market may change systematically. These
age-related differences may influence workers’ access to employment opportunities, job
matching, productivity, and employment stability.

https://doi.org/10.3390/su182110707

https://doi.org/10.3390/su182110707


Sustainability 2026, 18, 10707 12 of 30

Table 1. Indicator system.

Variable Variable Definition/Measurement Data Source Direction Source
Direction

Key explanatory variable Digital skills Constructed composite index CFPS data Positive

Dependent variable Employment quality Constructed composite index CFPS data Positive

Mediating variable Perceived information
acquisition capacity

Perceived importance of Internet-based
information acquisition (the importance of
the Internet as a channel for accessing
information): 5 = very important;
1 = unimportant

CFPS data Positive

Control variables

Age Respondent’s actual age in the survey year CFPS data Negative

Health status Self-assessed health status:
1 = very healthy; 5 = unhealthy CFPS data Negative

Marital status Married/cohabiting = 1;
unmarried/divorced/widowed = 0 CFPS data Positive

Communist Party member Communist Party member = 1;
non-member = 0 CFPS data Positive

Educational attainment

Highest educational attainment:
illiterate/semi-literate = 1; primary
school/junior high school = 2; senior high
school or equivalent = 3; junior
college/bachelor’s degree = 4;
postgraduate education = 5

CFPS data Positive

Work pressure 0 = no work pressure; 1 = work pressure CFPS data Negative

GDP Logarithm of per capita GDP in the
respondent’s province

National Bureau
of Statistics Positive

Table 2. Descriptive statistics.

Variable Name Variable Observations Mean Std. Dev Min Max

Digital skills Dig 2042 0.411 0.176 0 1

Employment quality EQ 2042 0.348 0.269 0.01 0.94

Perceived information acquisition capacity IAC 1951 3.393 1.414 1 5

Age Ag 2042 54.8 4.363 50 78

Health status Heal 2042 3.090 1.129 1 5

Marital status Mar 2042 0.915 0.278 0 1

Communist Party member Com 2042 0.005 0.073 0 1

Educational attainment Edu 2042 2.024 0.829 1 5

Work pressure Pres 2042 0.981 0.135 0 1

GDP GDP 2042 11.137 1.341 6.91 13.71

Health status (Heal): Health status is measured using respondents’ self-assessed
health status, ranging from 1 = very healthy to 5 = unhealthy. Health status is controlled for
because workers’ physical condition may affect their capacity to participate in employment,
perform work tasks, and adapt to changing job requirements. This consideration is particu-
larly relevant for older migrant workers, whose employment quality may depend on their
ability to sustain employment and cope with work demands. Controlling for health status
helps account for differences in workers’ underlying labor capacity.

Marital status (Mar): Marital status is coded as 1 for married or cohabiting respondents
and 0 otherwise. Following the household labor-supply perspective adopted in this study,
marital status is included to account for differences in household circumstances that may
shape individuals’ labor-supply and employment decisions. Family responsibilities, house-
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hold income needs, and the allocation of working time may influence workers’ choices
regarding employment location, working hours, job stability, and job satisfaction. These
household-level considerations may also affect the incentives and opportunities to acquire
and use digital skills.

Communist Party membership (Com): Communist Party membership is coded as 1 for
respondents who report being members of the Communist Party of China and 0 otherwise.
This variable is included as an observational control to account for differences in workers’
organizational and social embeddedness. As discussed in the literature review, social
capital and access to social resources may affect workers’ access to information and em-
ployment opportunities. Organizational affiliation may therefore be associated with the
information channels, social networks, and employment-related resources available to
individuals, which may, in turn, be related to employment outcomes independently of
their digital skills. Controlling for Communist Party membership thus helps account for
observable differences in organizational and social resources that may otherwise confound
the estimated relationship between digital skills and employment quality. Importantly, this
variable is included solely as a control characteristic; the study does not examine the causal
effect of political affiliation on employment quality.

Educational attainment (Edu): Educational attainment is measured on a five-point
scale ranging from 1 = illiterate/semi-literate to 5 = postgraduate education. Education is
included as a key human capital control because it may affect both digital skill acquisition
and the returns to digital skills in the labor market. Workers with higher educational
attainment may be better positioned to acquire, process, and apply new knowledge and
digital technologies and may therefore be better able to convert digital skills into higher
productivity, improved job matching, and better employment outcomes. Controlling for
educational attainment helps distinguish the effect of digital skills from differences in
broader human capital.

Work pressure (Pres): Work pressure is coded as 0 = no work pressure and 1 = work
pressure. It is included to capture differences in workers’ immediate employment condi-
tions and work demands. Work pressure is related to the work intensity and employment
environment dimensions considered in the construction of employment quality and may
also affect job satisfaction and employment stability. Controlling for work pressure there-
fore helps account for heterogeneity in employment-related conditions when estimating
the relationship between digital skills and overall employment quality.

GDP (GDP): GDP is measured as the natural logarithm of GDP per capita in the
respondent’s province. This variable captures differences in the regional economic environ-
ment in which older migrant workers participate in the labor market. Regional economic
development may shape employment opportunities, digital infrastructure, labor market
digitalization, and the returns to workers’ digital capabilities. These differences are particu-
larly relevant to this study because the theoretical framework predicts heterogeneous effects
of digital skills across regions with different levels of economic and digital development.
Controlling for provincial GDP per capita therefore helps account for regional economic
conditions that may be correlated with both digital skills and employment quality.

4.3.4. Mechanism Variables

Perceived information acquisition capacity (IAC): This study treats perceived informa-
tion acquisition capacity (IAC) as a mechanism variable, which is perceived importance of
Internet-based information acquisition. Previous studies have used individuals’ reliance
on the Internet for obtaining information to capture their capacity to access and acquire
information in digitalized environments [32].
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For the selection of specific indicators, following Yang, S.Q. (2025) [33] and Wang, X.
(2023) [34], this study uses the CFPS questionnaire item, “How important is the Internet
to you in obtaining information?” Respondents’ answers regarding the importance of
the Internet as an information channel were coded from 1 to 5. The importance attached
to the Internet for obtaining information reflects the extent to which individuals rely on
the Internet as a primary channel for accessing, searching for, and obtaining information
and therefore captures their perceived information acquisition capacity in the context of
digitalized information environments. As digital skills enhance individuals’ ability to use
digital technologies to access and obtain information, the importance of the Internet as
an information channel provides a direct measure of the information acquisition capacity
relevant to the mechanism examined in this study.

4.4. Empirical Findings and Analysis
4.4.1. Baseline Regression

This study employs province and year fixed effects. After controlling for province
and year fixed effects, digital skills have a significant positive effect on the employment
quality of older migrant workers at the 1% significance level. After additionally controlling
for all covariates, the coefficient remains statistically significant at the 1% level, while the
explanatory power of the model increases. Table 3 reports the baseline regression results.
The results in Table 3 show a positive and statistically significant association between
digital skills and the employment quality of older migrant workers. This association
remains statistically significant after controlling for individual covariates and province
and year fixed effects. These findings support Hypothesis 1 and suggest that digital
skills are related to differences in employment quality among older migrant workers.
One possible explanation is that digital skills may be associated with broader access
to employment information and learning opportunities. Through digital skills, older
migrant workers can access extensive employment information as well as learning and
development opportunities, which reduces job search costs and enhances their employment
competitiveness as they continuously improve their capabilities. Digital skills also facilitate
the development of new forms of employment, such as remote work and online part-time
employment, reducing geographical constraints on older migrant workers’ employment,
increasing their employment flexibility, and promoting greater diversity and flexibility
in employment arrangements [34]. However, it is worth noting that among the control
variables, age has a significant negative effect on the employment quality of older migrant
workers. This finding suggests that as migrant workers age, their physical capacity and
digital skills may gradually decline, thereby adversely affecting their employment quality.

Table 4 reports the regression results for the effects of digital skills across four
dimensions—entertainment, social interaction, work, and learning—on the employment
quality of older migrant workers, thereby providing a more detailed examination of the
effects of different dimensions of digital skills. The results show that digital skills for
entertainment, work, and learning have positive and statistically significant effects on the
employment quality of older migrant workers, while the effect of social digital skills is
not statistically significant. Several possible explanations may account for these findings.
First, entertainment-related digital skills may be relatively easier for older migrant workers
to acquire. According to the knowledge spillover theory, the use of digital entertainment
platforms may facilitate incidental knowledge updating, generating “knowledge spillovers”
and enabling the indirect acquisition of work-related skills. Thus, as their entertainment-
related digital skills improve, older migrant workers may also be exposed to skill-related
information that contributes to better employment quality [35]. Second, compared with
other types of digital skills, work-related digital skills can more directly help workers
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adapt to digitalized work environments, improve work efficiency, and meet essential job
requirements. For the same position, older migrant workers with higher levels of work-
related digital skills may have greater opportunities to obtain better employment outcomes,
including higher wages, thereby potentially generating a skill premium. Third, the acquisi-
tion and improvement of digital skills may also constitute a process of continuous human
capital accumulation. In a highly uncertain labor market, migrant workers with the ability
to engage in continuous learning may derive benefits across multiple dimensions, making
it easier for older migrant workers to improve their employment quality.

Table 3. Benchmark regression.

(1) (2) (3) (4)

Variable Random Effects Pooled OLS Time Fixed
Effects

Two-Way Fixed
Effects

Dig 0.088 *** 0.099 *** 0.098 *** 0.093 ***
(0.032) (0.034) (0.034) (0.034)

Ag −0.004 *** −0.004 *** −0.004 *** −0.005 ***
(0.001) (0.001) (0.001) (0.001)

Heal −0.004 −0.003 −0.003 −0.001
(0.005) (0.005) (0.005) (0.005)

Mar −0.006 0.000 −0.001 0.004
(0.022) (0.022) (0.023) (0.022)

Com 0.104 0.085 0.086 0.109
(0.081) (0.080) (0.080) (0.073)

Edu 0.048 *** 0.049 *** 0.049 *** 0.051 ***
(0.008) (0.008) (0.008) (0.008)

Pres 0.128 *** 0.107 *** 0.107 *** 0.097 **
(0.037) (0.039) (0.039) (0.039)

GDP 0.055 *** 0.058 *** 0.058 *** 0.043 ***
(0.007) (0.008) (0.008) (0.008)

c −0.269 ** −0.304 *** −0.311 *** −0.117
(0.113) (0.118) (0.118) (0.125)

Province FE YES No No YES
Year FE YES No YES YES
Observations 2042 2042 2042 2042
R2 0.083 0.084 0.084 0.121

Clustered robust standard errors are reported in parentheses throughout. ** p < 0.05, and *** p < 0.01.

Table 4. Benchmark regression for different digital skills.

(1) (2) (3) (4)
Variable EQ EQ EQ EQ

Entertainment Dig 0.012 ***
(0.005)

Social Dig 0.004
(0.006)

Work Dig 0.010 **
(0.004)

Learning Dig 0.009 **
(0.004)

c −0.128 −0.105 −0.113 −0.108
(0.126) (0.128) (0.125) (0.125)

Controls YES YES YES YES
Province FE YES YES YES YES

Year FE YES YES YES YES
Observations 2042 2042 2042 2042

R2 0.121 0.118 0.121 0.120
Clustered robust standard errors are reported in parentheses throughout. ** p < 0.05, and *** p < 0.01.
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In contrast, the effect of social digital skills on the employment quality of older
migrant workers is not statistically significant. Given the persistence of existing network
structures, information may become highly homogeneous and redundant. Consequently,
improving social digital skills may not substantially expand access to new employment-
related information or opportunities, thereby limiting their contribution to improvements
in the employment quality of older migrant workers.

4.4.2. Robustness Test

To assess the robustness of the baseline findings, this study conducts three robustness
checks: excluding extreme observations, using an alternative measure of employment
quality, and adopting an alternative clustering specification. The regression results are
reported below.

1. Excluding extreme observations

Given that highly digitalized regions, such as the four municipalities directly under
the central government, possess advanced digital technologies and substantial advantages
in terms of economic development and access to employment opportunities, they differ
considerably from other regions in terms of development. To address this potential source of
sample selection, we exclude observations from Beijing, Shanghai, Tianjin, and Chongqing
and re-estimate the regression models. The results are reported in Column (1) of Table 5.
The coefficient on the core explanatory variable remains statistically significant at the 1%
level and increases rather than decreases in magnitude, alleviating concerns about “sample
selectivity.” These results therefore support the robustness of the baseline findings.

Table 5. Robustness tests.

(1) (2) (3)
Variable EQ EQ EQ

Dig 0.112 *** 0.366 *** 0.093 ***
(0.036) (0.105) (0.034)

c −0.189 −4.217 * −0.117
(0.131) (0.408) (0.128)

Controls YES YES YES
Province FE YES YES YES
Year FE YES YES YES
Observations 1833 2042 2042
R2 0.102 0.244 0.121

Clustered robust standard errors are reported in parentheses throughout. * p < 0.10, and *** p < 0.01.

2. Using an alternative measure of employment quality

Following Guo, L. (2025) [12] and related studies, we re-estimate the employment
quality of older migrant workers using principal component analysis (PCA) and use the
resulting measure as an alternative measure of the dependent variable in the robustness
regression. The results are reported in Column (2) of Table 5. The results show that the
coefficient of digital skills remains positive and statistically significant when employment
quality is measured using the principal component analysis (PCA) approach. This con-
sistency in the direction and statistical significance of the estimated coefficient provides
additional evidence that the main findings are robust to an alternative construction of the
dependent variable.

3. Adopting an alternative clustering specification

Building on the baseline specification, we change the clustering level to the household
level while retaining the two-way fixed-effects specification. The baseline regression
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controls for province and year fixed effects. In the context of older migrant workers, time-
invariant household characteristics, such as household income, the cultural environment,
and educational practices, may persistently shape individual behavior and outcomes.
Consequently, the error terms may also be correlated within households, a more granular
unit of analysis. We therefore cluster the standard errors at the household level to account
for potential household-level confounding factors. As reported in Column (3) of Table 5,
the effect of digital skills on the employment quality of older migrant workers remains
statistically significant, providing further evidence of the robustness of the baseline results.

4.4.3. Robustness Checks Addressing Observable Selection

To address potential selection bias arising from observable characteristic differences
between the treatment and control groups, this study employs propensity score matching
(PSM) to further assess the robustness of the baseline association. Specifically, following
Miao et al. [36], we use the median of the composite digital skills index as the cutoff point to
construct a binary treatment indicator for the PSM analysis. The sample is thereby divided
into a high-digital-skills group (coded as 1) and a low-digital-skills group (coded as 0). All
control variables are included as covariates in a logit model to estimate the propensity score
for each observation.

We then employ two alternative matching procedures, namely one-to-one nearest-
neighbor matching and kernel matching, to examine whether the estimated ATT is sensitive
to the choice of matching method. For nearest-neighbor matching, each observation in
the high-digital-skills group is matched to the closest available observation in the low-
digital-skills group. Kernel matching uses weighted observations from the comparison
group based on the proximity of their estimated propensity scores. The common-support
condition is also considered to ensure sufficient overlap in the propensity score distributions
between the high- and low-digital-skills groups. In addition, covariate balance before
and after matching is examined using the standardized percentage bias. The changes in
standardized bias across covariates before and after matching are presented in Figure 2,
while the propensity score distribution and common-support results are shown in Figure 3.

Figure 2. Covariate balance before and after propensity score matching.

The propensity score distribution shown in Figure 3 indicates substantial overlap
between the high- and low-digital-skills groups, with only a small number of treated
observations falling outside the common-support region. This suggests that the common-
support condition is largely satisfied. Moreover, the standardized-bias plot in Figure 2
shows that the absolute standardized bias of the covariates is substantially reduced after
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matching and is concentrated close to zero, indicating improved covariate balance between
the high- and low-digital-skills groups.

Figure 3. Propensity score distribution and common support.

Under one-to-one nearest-neighbor matching, the estimated ATT is 0.0457, with a
standard error of 0.0166 and a t-statistic of 2.75, indicating a statistically significant positive
difference in employment quality associated with membership in the high-digital-skills
group at the 5% level. Under kernel matching, the estimated ATT is 0.0414, with a standard
error of 0.0121 and a t-statistic of 3.42, also indicating a statistically significant positive
difference. The consistency of the positive and statistically significant ATT estimates across
the two matching procedures provides further evidence that the baseline finding is robust
to the choice of matching algorithm.

The ATT estimates are reported in Table 6, while the covariate balance and propensity
score diagnostics are presented in Figures 2 and 3, respectively. Taken together, these
results indicate that the baseline association remains robust after accounting for observable
differences between the high- and low-digital-skills groups.

Table 6. Propensity score matching (PSM) estimation results.

Matching Method Treatment Effect Coefficient Standard Error T-Statistic

Nearest-Neighbor Matching (1:1) ATT 0.0457 0.0166 2.75

Kernel Matching ATT 0.0414 0.0121 3.42

Although the panel structure of the CFPS allows us to control for year effects and
regional heterogeneity, the present analysis cannot completely eliminate endogeneity
concerns arising from reverse causality or unobserved individual characteristics. Therefore,
the empirical results should be interpreted primarily as evidence of a robust association
between digital skills and employment quality rather than as definitive causal effects.

5. Further Analysis
5.1. Mediation Analysis

Building on the theoretical analysis and hypotheses presented above, we further ex-
amine the mechanism through which perceived information acquisition capacity mediates
the relationship between digital skills and the employment quality of older migrant work-
ers. Specifically, we use the “importance of the Internet as an information channel” as
a proxy for perceived information acquisition capacity (IAC) and employ the three-step
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mediation approach to investigate whether digital skills affect the employment quality of
older migrant workers through their perceived information acquisition capacity. Given
that a substantial body of the existing literature has established the effect of information
acquisition capacity on employment quality, the mediation analysis focuses on whether
digital skills are positively related to employment quality by improving workers’ capacity
to acquire employment-related information.

The results are presented in Table 7. Following the three-step mediation procedure,
the first step examines the total effect of digital skills on employment quality. As reported
in the baseline regression, the coefficient of digital skills (Dig) is positive and statistically
significant, indicating that digital skills are significantly associated with higher employment
quality among older migrant workers. The second step examines whether digital skills
significantly affect the proposed mediator. As shown in Column (1), the coefficient of Dig
is 0.393 and statistically significant at the 1% level, indicating that digital skills significantly
enhance the perceived information acquisition capacity of older migrant workers. This
result suggests that workers with stronger digital skills are better able to access and obtain
employment-related information through the Internet.

Table 7. Mediation analysis regression.

(1) (2)
Variable IAC EQ

Dig 0.393 *** 0.145 ***
(0.016) (0.038)

IAC 0.129 ***
(0.048)

c 0.250 *** −0.206 *
(0.059) (0.123)

Controls YES YES
Province FE YES YES
Year FE YES YES
Observations 1951 1951
R2 0.296 0.180

Clustered robust standard errors are reported in parentheses throughout. * p < 0.10, and *** p < 0.01.

The third step simultaneously includes digital skills and information acquisition capac-
ity in the employment quality equation. As reported in Column (2), the coefficient of PIIIC
is 0.129 and statistically significant at the 1% level, indicating that greater perceived impor-
tance of the Internet as an information channel is positively associated with employment
quality, conditional on digital skills. Meanwhile, the coefficient of Dig remains positive and
statistically significant at the 1% level (0.145), suggesting that digital skills continue to exert
a significant direct effect on employment quality after controlling for information acquisi-
tion capacity. The simultaneous significance of IAC and Dig in the third step indicates that
perceived information acquisition capacity constitutes an important channel through which
digital skills affect the employment quality of older migrant workers, while the remaining
significant direct effect of Dig suggests that the mediation effect is partial rather than full.

To further assess the statistical significance of the indirect effect, we conduct a boot-
strap mediation test. The results are reported in Table 8 and show that the estimated indirect
association between digital skills and employment quality through IAC is 0.0506, with a
bootstrap standard error of 0.0209. The indirect effect is statistically significant at the 5%
level. This provides evidence of a statistically significant indirect relationship that is consis-
tent with a potential information-related pathway between digital skills and employment
quality. Meanwhile, the estimated direct association is 0.1445 and statistically significant
at the 1% level. Taken together, these findings indicate a positive direct association and a
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statistically significant indirect association involving the perceived information acquisition
capacity. In particular, stronger perceived information acquisition capacity may help older
migrant workers reduce information asymmetries in the labor market, obtain more timely
and relevant employment information, and achieve more accurate job matching, thereby
contributing to higher employment quality [37] by increasing income, reducing working
hours, and enhancing job autonomy [38]. Yang, S.Q. argues that improving information
acquisition capacity can overcome information barriers and enable workers to identify em-
ployment opportunities more rapidly, thereby improving employment quality in the digital
economy. Information economics theory suggests that information constraints directly
affect the economic behavior of economic agents [39]. When digital skills become an im-
portant means of obtaining employment information and searching for jobs, older migrant
workers with access to more information channels are more likely to secure higher-income
and relatively stable employment.

Table 8. Bootstrap mediation test results.

Observed
Coef.

Bootstrap
Std. Err. z p > |z| Normal

[95% conf.]
Based

[Interval]

ind_eff 0.0506 0.0209 2.42 0.016 [0.0096, 0.0916] 0.0916
dir_eff 0.1445 0.0348 4.16 0.000 [0.0764, 0.2126] 0.2126

Digital skills provide older migrant workers with a wide range of service options.
In an increasingly diverse and fragmented information environment, digital skills may
be associated with greater engagement with online information about job opportunities,
policies, and training programs, which may be relevant to their awareness of employ-
ment opportunities and available services. Therefore, the findings are consistent with the
proposed information-related pathway and provide qualified support for Hypothesis 2.
However, they do not establish that digital skills causally improve employment quality
through enhanced perceived information acquisition ability.

To further investigate the mechanisms through which digital skills influence the em-
ployment quality of older migrant workers, we examine the mediating role of perceived
information acquisition capacity across four dimensions of digital skills. The results are
reported in Table 9. The dimension-specific analysis indicates that IAC plays a significant
mediating role in the relationships between entertainment-, work-, and learning-related
digital skills and employment quality. By contrast, the evidence for social digital skills is rel-
atively limited, suggesting that the transmission mechanism through perceived information
acquisition capacity varies across different dimensions of digital skills.

The positive mediating effects suggest that entertainment-, work-, and learning-related
digital skills can strengthen older migrant workers’ capacity to access, identify, and utilize
employment-related information, thereby facilitating the conversion of digital capabili-
ties into employment opportunities and improving employment quality. First, stronger
digital skills can expand the channels through which older migrant workers obtain labor
market information. In an increasingly digitalized labor market, recruitment information
is increasingly disseminated through online platforms, mobile applications, short-video
platforms, and other digital channels. Workers with stronger digital skills are more capable
of navigating these platforms, identifying relevant information, and obtaining employment
opportunities beyond their traditional social networks. Second, digital skills can improve
workers’ ability to process and evaluate employment information. Rather than simply
increasing the quantity of information available to workers, digital competence may help
them distinguish relevant information from irrelevant or unreliable content, compare al-
ternative employment opportunities, and identify positions that better match their skills
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and employment preferences. This may reduce the information costs associated with job
search and improve the efficiency of employment matching. Third, improved perceived
information acquisition capacity can facilitate the transformation of digital skills into more
favorable employment outcomes. By gaining access to a broader range of employment op-
portunities and reducing information constraints during job search, older migrant workers
may have greater scope to identify jobs with relatively better wages, working conditions,
employment stability, or other dimensions of employment quality. This mechanism is
particularly relevant for older migrant workers, whose relatively limited human capital and
weaker access to formal labor market information may constrain their ability to respond
effectively to changes in labor demand. Perceived importance of Internet-based information
acquisition therefore serves as an important link connecting digital skill accumulation with
employment opportunities and, ultimately, employment quality.

Table 9. Benchmark regression for the mediating effects of different dimensions of digital skills.

Variable
Entertainment Dig Social Dig Work Dig Learning Dig
IAC EQ IAC EQ IAC EQ IAC EQ

Entertainment
Dig 0.039 *** 0.016 ***

(0.003) (0.005)
Social Dig 0.044 *** 0.000

(0.003) (0.006)
Work Dig 0.032 *** 0.014 ***

(0.002) (0.004)
Learning Dig 0.044 *** 0.013 ***

(0.002) (0.005)
IAC 0.166 *** 0.226 *** 0.170 *** 0.163 ***

(0.044) (0.044) (0.045) (0.047)
c 0.240 *** −0.218 * 0.144 ** −0.183 0.290 *** −0.207 * 0.274 *** −0.197

(0.065) (0.123) (0.066) (0.126) (0.063) (0.123) (0.060) (0.123)
Controls YES YES YES YES Controls YES YES YES
Province FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
Observations 1951 1951 1951 1951 1951 1951 1951 1951
R2 0.179 0.180 0.146 0.171 0.172 0.178 0.247 0.178

Clustered robust standard errors are reported in parentheses throughout. * p < 0.10, ** p < 0.05, and
*** p < 0.01.

The comparatively weaker evidence for social digital skills may reflect differences in
the functional orientation of digital technology use. Social digital skills are more closely
associated with interpersonal communication and social interaction and may therefore
have a less direct connection with employment-related information and job search activities.
Consequently, improvements in social digital skills do not necessarily translate into equiva-
lent gains in employment-related information acquisition or employment quality. Overall,
the dimension-specific results provide further evidence that IAC constitutes an important
transmission channel through which selected dimensions of digital skills contribute to the
employment quality of older migrant workers.

5.2. Heterogeneity Analysis
5.2.1. Grouping by Educational Attainment

Differences in educational attainment across individuals may result in an uneven
distribution of the benefits generated by digital skills. Therefore, we further examine
individual-level heterogeneity to assess whether the effect of digital skills on employment
quality varies with differences across individuals. Following Jiang, Y. and Zheng, H.Y.
(2023) [40], we define older migrant workers with a high school education or above as the
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higher-education group and those with less than a high school education as the lower-
education group and conduct separate regressions for the two groups.

The results are presented in Table 10. The coefficient of digital skills is positive
and statistically significant for the higher-educational-attainment group, whereas it is
positive but statistically insignificant for the lower-educational-attainment group. However,
following the reviewer’s suggestion, we do not infer heterogeneous effects merely from
differences in statistical significance across the two subgroup regressions. Instead, the
interaction term between digital skills and educational attainment provides the formal
test of coefficient differences. The coefficient of Dig × Edu is positive and statistically
significant (0.171, p < 0.05), indicating that the effect of digital skills on employment quality
is significantly stronger among older migrant workers with higher educational attainment.
This finding suggests that educational attainment may enhance older migrant workers’
ability to translate digital skills into improved employment outcomes.

Table 10. Benchmark regression for educational attainment heterogeneity.

(1) (2)
Variable Higher Educational Attainment Lower Educational Attainment

Dig 0.218 *** 0.060
Controls YES YES
Province FE YES YES
Year FE YES YES
Observations 441 1601
R2 0.090 0.181

Dig × c.Edu 0.171 (0.081) **
0.035

Clustered robust standard errors are reported in parentheses throughout. ** p < 0.05, and *** p < 0.01.

5.2.2. Grouping by Region

Given the differences in economic development across regions, the effect of digital
skills may vary geographically. Based on economic development levels, we divide the
31 provincial-level regions of China, excluding Hong Kong, Macao, and Taiwan, into eastern
and central and western regions. The results are presented in Table 11. The coefficient
of digital skills is positive and statistically significant in the eastern region, whereas it is
positive but statistically insignificant in the central and western regions. Nevertheless,
the statistical significance of the subgroup coefficients alone does not constitute a formal
test of regional heterogeneity. The coefficient of the interaction term between digital
skills and regional location (Dig × Region) is positive and statistically significant (0.140,
p < 0.05), providing direct evidence that the effect of digital skills on employment quality is
significantly stronger in the eastern region.

Table 11. Benchmark regression for regional heterogeneity.

(1) (2)
Variable East Central and Western

Dig 0.158 *** 0.024
(0.049) (0.048)

Controls YES YES
Province FE YES YES
Year FE YES YES
Observations 981 1061
R2 0.150 0.084
Dig × c. region 0.140 (0.067) **

Clustered robust standard errors are reported in parentheses throughout. ** p < 0.05, and *** p < 0.01.
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One possible explanation is that the relatively developed digital infrastructure, labor
markets, and digital economic environment in the eastern region may provide older migrant
workers with more opportunities to apply digital skills in employment-related activities.

5.2.3. Grouping by Workplace Location

Following He and Wu (2020) [41], we use the CFPS questionnaire item on respondents’
primary workplace to distinguish between local and non-local employment. Older migrant
workers whose primary workplace is located in their home village or home city are assigned
a value of 1, whereas those working outside their home city are assigned a value of 0. The
results are presented in Table 12. The coefficient of digital skills is positive but statistically
insignificant among older migrant workers employed locally (0.051), whereas it is positive
and statistically significant among those employed in another city (0.235, p < 0.01). However,
consistent with the reviewer’s suggestion, we do not rely on the difference in statistical
significance between the two subgroup coefficients to establish heterogeneity. Instead, the
interaction term between digital skills and workplace location provides the formal test. The
coefficient of Dig × Workplace is negative and statistically significant (−0.177, p < 0.05),
indicating that the positive association between digital skills and employment quality is
significantly weaker among locally employed older migrant workers than among those
working in another city.

Table 12. Benchmark regression for geographical heterogeneity in the workplace.

(1) (2)
Variable Local Employment Employment in Another City

Dig 0.051 0.235 ***
(0.038) (0.084)

Controls YES YES
Province FE YES YES
Year FE YES YES
Observations 1589 453
R2 0.128 0.148
Dig × c. workplace −0.177 (0.084) **

Clustered robust standard errors are reported in parentheses throughout. ** p < 0.05, and *** p < 0.01.

From an employment structure perspective, locally employed older migrant workers
are more likely to engage in county-level casual work, services, and other flexible employ-
ment. Digital skills can reduce job search costs, expand service coverage, and improve
labor–job matching, but their marginal role may be limited in geographically constrained
local labor markets. By contrast, older migrant workers employed in other cities face less
familiar labor markets, making digital skills more valuable for accessing job information
and improving job matching. Although many work in manufacturing and construction,
where wages are largely determined by occupation, tenure, and local minimum-wage
standards, digital skills may still improve employment quality by reducing search costs
and expanding employment opportunities.

Taken together, the statistically significant interaction terms between digital skills and
educational attainment, regional location, and workplace location provide evidence that
the association between digital skills and employment quality varies significantly across
these dimensions, supporting Hypothesis 3.
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6. Discussion
6.1. Core Findings in Dialogue with the Existing Literature

This study shows that digital skills are significantly positively associated with the em-
ployment quality of older migrant workers, partly through enhanced perceived information
acquisition capacity. Moreover, the employment returns to digital skills vary across work-
ers with different educational backgrounds, regional locations, and workplace locations.
These findings suggest that digital skills have become an important form of human capital,
enabling older workers to adapt to an increasingly digitalized labor market. This finding is
broadly consistent with recent evidence showing that digital literacy is positively associated
with job quality and employment-related outcomes in China [42], while the development
of the digital economy has also been found to contribute to improvements in employment
quality among migrant and rural workers. Recent evidence also shows that older workers
exhibit heterogeneous patterns of digital skill use, suggesting that older workers are not a
homogeneous group in their engagement with digital technologies [43], and related studies
further suggest that digital skills can enhance rural households’ economic opportunities
and strengthen individuals’ capacity to respond to changing livelihood and employment
environments [44]. Meanwhile, usefulness and contextual conditions surrounding technol-
ogy use can shape how individuals engage with digital technologies, as shown by Noroño
Sánchez, 2025 [45], whose study provides a useful conceptual reference for understanding
why different forms of digital engagement may generate heterogeneous returns depending
on users’ perceptions and the contexts of technology use. By focusing specifically on older
migrant workers, the present study extends this literature by showing that digital capability
development may also play an important role in the employment quality and labor market
adaptability of this relatively vulnerable group.

The relationship between digital skills and employment quality is not uniform across
different dimensions of digital engagement. In particular, entertainment-related digital
skills are positively associated with employment quality, whereas the coefficient for social-
related digital skills is not statistically significant. These findings suggest that different
forms of digital engagement may generate different labor market returns depending on
how digital technologies are used and the contexts in which they are embedded.

In contrast, the statistically insignificant association between social-related digital skills
and employment quality may indicate that digital social interaction does not necessarily
translate directly into improved employment outcomes. Older migrant workers may
already rely on established family, kinship, community, and workplace networks for social
interaction and employment-related information. Consequently, additional digital social
interaction may not substantially expand the employment opportunities or information
resources available to them. Moreover, social Internet use may primarily serve interpersonal
communication and maintaining existing relationships rather than directly facilitating job
search, skill acquisition, or employment matching. The absence of a statistically significant
coefficient should therefore not be interpreted as evidence that social digital engagement
has no value; rather, it suggests that its relationship with employment quality may be less
direct than that of digital activities more closely connected to information acquisition, work,
or learning.

The mechanism analysis further indicates that IAC is an important channel through
which digital skills are associated with employment quality. This finding is consistent
with the theoretical framework developed in this study. Digital skills can facilitate work-
ers’ access to, search for, and use of employment-related information, while improved
information acquisition may reduce information frictions and search costs and facilitate
more efficient labor market matching. For older migrant workers, who may face greater
barriers in accessing formal employment information and adapting to increasingly digital-
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ized recruitment processes, this information-related channel may be particularly relevant.
This finding therefore provides empirical support for the proposed information friction
mechanism while remaining consistent with the observational nature of the analysis.

The heterogeneous results further show that the relationship between digital skills
and employment quality varies across educational attainment, regions, and workplace
locations. The stronger association observed among workers with higher educational
attainment is consistent with the human capital perspective, as education may enhance
workers’ ability to acquire, process, and apply digital knowledge and thereby increase the
returns to digital skills. Regional differences may reflect variation in economic development,
digital infrastructure, industrial structure, and the degree of labor market digitalization.
Differences by workplace location may similarly reflect variation in workers’ exposure to
information barriers and employment opportunities. These heterogeneous patterns suggest
that the returns to digital skills are shaped not only by individual capabilities but also by
the institutional and labor market environments in which digital technologies are used.

Overall, the findings extend previous research by linking digital skills to the multidi-
mensional employment quality of older migrant workers and by identifying information
acquisition as a relevant mechanism. Rather than suggesting that digital skills alone deter-
mine employment quality, the results indicate that digital capabilities may be one important
component of a broader set of human capital, household, and labor market factors shaping
employment outcomes.

6.2. Theoretical Contributions and Limitations

This study makes several contributions to the existing literature. First, by focusing on
older migrant workers, it extends research on digital skills and labor market outcomes to a
relatively vulnerable group facing age-, education-, and resource-related disadvantages.
Second, the identification of perceived information acquisition capacity as a mediating
mechanism demonstrates that digital skills are associated with higher employment quality
not only by enhancing workers’ productive capabilities but also by potentially reducing
information constraints and improving labor market matching. Third, the heterogeneous
effects highlight that the returns to digital skills are shaped by existing human capital,
regional conditions, and employment contexts, contributing to a more nuanced understand-
ing of digital inequality and inclusive digital development. The dimension-specific findings
further indicate that the employment relevance of digital engagement may depend on the
particular functions and contexts of technology use, rather than being uniform across all
forms of digital activity.

Despite its theoretical contributions and practical implications, this study has several
limitations that provide opportunities for future research. First, the measurement of
digital skills and perceived information acquisition capacity is constrained by the available
CFPS indicators. Digital skills are constructed from self-reported Internet-use frequencies
across entertainment, social, work, and learning dimensions, while perceived information
acquisition capacity is measured using the reported importance of the Internet as an
information channel. These measures capture the functional use of digital technologies
but may not fully reflect users’ technical proficiency, information evaluation ability, or the
quality and effectiveness of digital technology use. Future research could employ more
comprehensive and objective measures, including task-based digital skill assessments,
detailed measures of information search and evaluation ability, and behavioral indicators
of digital technology use.

Second, although the fixed-effects specification and a series of robustness analyses
provide consistent evidence, the observational nature of the data limits the identification of
causal relationships. In particular, unobserved time-varying factors may simultaneously
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influence older migrant workers’ digital skills and employment quality, while the mediation
analysis cannot by itself establish a causal mechanism. Future research could exploit policy
changes, regional differences in digital infrastructure development, or other suitable quasi-
experimental settings to strengthen causal identification. More rigorous mediation designs
could also be used to examine whether and how information acquisition translates digital
capabilities into improved employment outcomes. Importantly, the province and year
fixed-effects specification does not control for time-invariant unobserved heterogeneity
at the individual level. Therefore, persistent individual characteristics that are correlated
with both digital engagement and employment quality may remain unobserved, and the
estimated coefficient should not be interpreted as a causal individual-level effect.

Third, this study relies on panel data with limited within-individual variation in digital
skills and employment quality across survey waves. Individual fixed-effect identification
draws on within-person changes over time. If the key variables exhibit little temporal varia-
tion within respondents, the statistical power to identify the causal link will be reduced. In
addition, the unbalanced structure of the panel leads to sample attrition when adopting the
individual fixed-effects model, which further complicates the comparability of estimates
across model specifications. Therefore, we refrain from interpreting the baseline coefficient
as robust causal evidence. While our results are consistent with a positive cross-sectional as-
sociation, causal inference remains limited by the data structure. The three-wave CFPS data
covering 2018, 2020, and 2022 provide valuable longitudinal evidence but offer limited in-
formation on longer-term employment trajectories. The relatively short observation period
also makes it difficult to determine whether the observed association between digital skills
and employment quality persists as older migrant workers age or as digital technologies
and labor market institutions continue to evolve. Future research could use longer-period
panel data to examine employment transitions, employment stability, and labor market
resilience over time. Further research could also compare older migrant workers across
different institutional and regional contexts to assess whether the heterogeneous patterns
identified in this study persist beyond the Chinese context.

Overall, this study provides evidence that digital skills are positively associated with
employment quality among older migrant workers and identifies perceived information
acquisition capacity as a relevant channel. Future research incorporating richer measures,
stronger identification strategies, and longer observation periods could further clarify the
mechanisms and long-term implications of digital skills for the employment trajectories of
older migrant workers.

7. Policy Implications and Future Research
Based on the above conclusions, this paper puts forward the following policy recom-

mendations:
First, it is necessary to continuously improve digital skills and infrastructure cover-

age and strengthen the effectiveness and relevance of digital skills training to promote
sustainable and inclusive employment. The government should incorporate digital skills de-
velopment into the policy framework for employment stabilization and sustainable human
capital development and coordinate improvements in Internet infrastructure at the county
and rural levels to reduce barriers to digital technology use. In the design of skills train-
ing, efforts should be made to facilitate the transition from basic entertainment-oriented
skills to employment-oriented digital skills with greater economic returns and long-term
applicability. Older migrant workers should be guided to acquire practical skills, such as
searching for recruitment information through short-video platforms, submitting resumes
online, and participating in remote interviews. The experience of Jiangsu Province, which
has relatively strong digital capabilities, in developing “livestreaming job recruitment” can
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also provide useful reference, and relevant practices can gradually be incorporated into the
public employment service system. Practical training programs, such as “scanning a QR
code to find a job” and “mobile phone interviews,” could be further promoted to facilitate
the effective application of digital skills throughout the employment process. At the same
time, enterprises should be encouraged to provide appropriate labor market incentives for
workers with digital skills, thereby stimulating older migrant workers’ intrinsic motivation
to continuously improve their work- and learning-related digital capabilities. Such efforts
would contribute to the sustainable accumulation of human capital and enhance workers’
long-term employability in an increasingly digitalized labor market.

Second, it is important to optimize employment information service platforms and
enhance job-matching accuracy and age-friendly support to promote inclusive and sustain-
able labor market participation. Layered and age-friendly digital skills courses should be
designed for older migrant workers to alleviate the digital age gap at its source. In service
design, greater emphasis should be placed on improving the accuracy and timeliness of
information delivery, expanding access to diverse information channels, and accelerating
job matching. For example, the training model combining mobile livestreaming and job
seeking implemented during the “National Farmers’ Mobile Application Skills Training
Week” can provide useful experience for integrating digital skills development with public
employment services. Such integration can help older migrant workers expand their em-
ployment opportunities, strengthen their adaptability to the changing labor market, and
improve their capacity to participate in the digital economy on a more sustainable basis. By
reducing information barriers and improving access to employment opportunities, these
measures can also contribute to more inclusive and equitable labor market development.

Third, targeted interventions and regionally differentiated support should be im-
plemented to improve the marginal benefits and long-term sustainability of digital skills
training. The government should reduce digital inequality across population groups arising
from unequal educational opportunities and returns to education by strengthening basic
education and providing regionally targeted assistance. Policy resources should be directed
toward regions with weak digital infrastructure and toward older groups with lower levels
of educational attainment, thereby promoting a transition from a “one-size-fits-all” training
model to stratified, differentiated, and targeted interventions. It is recommended that
special programs such as “digital skills to the countryside” be continuously promoted
and that a hierarchical implementation mechanism with clearly defined responsibilities be
established, with particular attention given to older migrant workers. Individuals with low
levels of digital skills should be provided with one-on-one guidance to help them translate
digital skills into practical pathways for improving employment quality. Such targeted
support can promote more equitable access to digital opportunities, improve the efficient
allocation and utilization of human resources, and ultimately contribute to higher-quality,
more inclusive, and sustainable employment.

From the perspective of human sustainable development, the acquisition and con-
tinuous improvement of digital skills represent an ongoing process of human capital
accumulation and capability enhancement. For older migrant workers, such capability
development may not only improve their ability to respond to technological change but
also strengthen their capacity to maintain participation in an evolving labor market. In this
sense, improving digital capabilities may contribute to more sustainable employment by
strengthening workers’ adaptability and reducing the risk of digital exclusion.
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