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Abstract: Due to the impact of coronavirus disease 2019 (COVID-19), automation and artificial
intelligence (AI) have attracted renewed interest in multiple industrial fields. Global manufacturing
bases were affected strongly by workforce shortages associated with the spread of COVID-19, and
are working to increase productivity by embracing digital manufacturing technologies that take
advantage of artificial intelligence and the Internet of Things (IoT) that offer the promise of improved
connectivity among supply chains. This trend can increase and smooth the flow of social capital,
which is a potential resource in supply chains and can affect supply chain performance in healthcare
industry. However, such an issue has not been properly recognized as the best practice in healthcare
industry. Thus, this study investigates empirically the relationship between digitalization and
supply chain performance in healthcare manufacturing companies based on previous research that
proposed a role for social capital. We surveyed the staff of domestic small and medium-sized
healthcare manufacturing companies in South Korea currently operating or planning to deploy
digital manufacturing technologies. Online and email surveys were utilized to collect the data.
Invalid responses were excluded and the remaining 130 responses were analyzed using a structural
equation model in SPSS with the AMOS module. We found that digitalization has a positive effect
on the formation of social capital, which in turn has a positive effect on supply chain performance.
The direct effect of digitalization on supply chain performance is small, and relatively large portions
are mediated and influenced by social capital. The establishment of strategic relationships in the
healthcare manufacturing industry is significant, as supply chain networks and production processes
can influence the intended use of factory output. Companies should, therefore, secure timely and
accurate information to manage the flow of products and services. The formation of social capital
in the supply chain can help visualize entire supply chains and has a positive effect on real-time
information-sharing among key elements of those chains.

Keywords: healthcare digitalization; healthcare manufacturing; social capital; supply chain perfor-
mance

1. Introduction

Personal lives and entire industrial ecosystems are under pressure from the effects
of coronavirus disease 2019 (COVID-19). Experts in healthcare, transportation, logistics,
and manufacturing industries are anticipating that the use of automation and artificial
intelligence (AI) will continue to spread in response to the pandemic’s effects on human
workforces [1]. In the manufacturing industry, in particular, the globalization of existing
production bases has been disrupted by COVID-19 and value chains are strengthening
around region or countries where companies are located. According to United Nations
Conference on Trade and Development (UNCTAD), strengthening regional value chains
should be a priority for developing countries to diversify risk, reduce vulnerability, increase
resilience and foster industrial development. By identifying and maintaining horizontal

Int. . Environ. Res. Public Health 2021, 18, 1417. https:/ /doi.org/10.3390/ijerph18041417

https:/ /www.mdpi.com/journal/ijerph


https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-9175-3088
https://orcid.org/0000-0002-0753-5812
https://doi.org/10.3390/ijerph18041417
https://doi.org/10.3390/ijerph18041417
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18041417
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/18/4/1417?type=check_update&version=2

Int. J. Environ. Res. Public Health 2021, 18, 1417 20f 13

and vertical linkages, regional pacts can ensure that small firms cooperate to reduce
transaction costs and benefit from economies of scale. As manufacturing costs continue to
increase, and production workforces shrink, companies are hoping to increase productivity
by incorporating information and communications technology into their operations [2,3].
As a result, big data collected through the Internet of Things (IoT) and technology that
simulates real-world conditions and predicts the results are attracting attention [4]. In
healthcare manufacturing, technology and medical trends affect each other as well as the
production and supply processes, which benefit from simple and convenient workflows
that can be facilitated by digital manufacturing technologies [5-7].

Digitalization of supply chains in the healthcare manufacturing industry has improved
connectivity, and the flow of information and potential resources through the network has
been smoothed [8,9]. A supply chain is defined as a series of interdependent relationships
among suppliers and customers in upstream side and downstream side in supply chain
developed through strategic coordination and responsiveness. The potential resources
arising from supply chain flow can be explained in terms of social capital [10,11]. Previous
studies suggest that improvement in supply chain performance depends on whether social
capital is implied from a supply chain perspective. In addition, it has been argued that the
density of a supply chain increases according to the degree of social capital integration.
Because social capital has similarities to routine knowledge-sharing, the performance of a
supply chain can be enhanced through regular and intimate interactions between suppliers
and consumers [12-15].

Based on the role of social capital in supply chains described by previous studies, the
purpose of this study is to explore the effects of digitalization on supply chain performance
in terms of the accumulation and flow of social capital. Healthcare manufacturing, in
which products and purpose of use are strongly influenced by trends in technologies,
is selected as the primary focus of this study. In addition, we explore the prospects for
strengthening domestic companies” supply chain management (SCM) expertise through the
application of digital manufacturing technologies and how connections among industries
can be improved.

This study comprises six sections. Section 1 presents study motivation and the study
purpose. Section 2 reviews various literatures related to this study and develops pertinent
hypotheses along with a study model. Section 3 describes sampling procedures and
statistical methods to conduct empirical tests. Section 4 presents the results of analysis of
significant impacts using a structural equation model (SEM) to specify the relationship
between digitalization and supply chain performance, and explore the mediating role
of social capital. Section 5 critically examine and explores the main findings. Section 6
presents a summary of this study and implications for the role of social capital and the
impact of digitalization on healthcare manufacturers are suggested, along with practical
recommendations for further research.

2. Literature Review and Hypotheses Development
2.1. Healthcare Digitalization

This study aims to examine the impact of digitalization on healthcare manufactur-
ing. Digitalization is the use of information technologies to facilitate intra- and inter-
organizational decision-making, processes, and architectures [16]. Prior to healthcare
digitalization, theories related to digitization and other processes associated with the con-
version of analog information management to digital platforms had attracted research
attention [17]. However, as Al, augmented reality (AR), and the IoT have been applied
to manufacturing processes, a shift from healthcare digitization to digitalization began to
take place. Applying a digitization theory to digitalization is therefore no longer appropri-
ate [18]. The digitalization of intra- and inter-organizational processes offers significant
opportunities for research of SCM [19].

Healthcare digitalization can be separated into three dimensions: internal efficiency,
disruptive change, and external opportunities. Healthcare digitalization scale items were
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based on a study of systematic change of organizations by Parviainen et al. [20], who
shared the theoretical underpinning of this study. Healthcare digitalization was divided
into three factors: internal efficiency, disruptive change, and external opportunities. Internal
efficiency was measured by accessibility to markets and customer information, strategic
plan feasibility, expected cost-reduction effects, employee competence, and technology
development. Disruptive change was gauges by whether a firm works with existing or
new business partners, and by business flexibility. External opportunities were measured
by the degree of communication with internal and external stakeholders, capturing the
opportunities of new market and business.

Internal efficiency can be defined as an improved way of using digital means and re-
planning internal processes, one that can affect a company’s entire operating environment
and internal functioning. This includes improving business-process efficiency, quality,
and consistency by eliminating manual steps and refining accuracy [21,22]. Digitalization
can also improve real-time views of operations and results by integrating structured and
unstructured data, and data from other sources [23].

Disruptive change can be defined as complete change. Disruptive change in health-
care digitalization involves the operators in a value chain, and culminates in an existing
business. Traditional intermediates in a supply chain can be removed or replaced by new
intermediates [24]. Automation of routine tasks can improve worker satisfaction as time is
freed up to develop new skills. Disruptive changes in healthcare digitalization can improve
compliance through standardized record-keeping, easier data backups, and distributed
storage [25,26].

External opportunities can be defined as new business opportunities in existing do-
mains. External opportunities in healthcare digitalization include improved response times
and client services, as well as new ways of doing business [27]. New digital manufacturing
technologies can create opportunities for new services or advanced offerings to customers.
Opportunities created by the healthcare digitalization are examined along with the result-
ing implications for inventory management and after-sales operations [28,29]. Applying
digital manufacturing technology to healthcare industry makes a possible feedback-loop
autonomous state in healthcare related businesses. It implies a sustainable model related
to self-regeneration, recycling and movement of resources. Therefore, the use of digital
manufacturing technology should aim not only at improving business processes, but also
their sustainability. Building continuous improvement by digitalization can ensure that a
satisfactory innovation framework supports business needs, builds a system of overseeing
innovation assets, and opens doors to innovation made possible by potential changes
and impacts [30]. Digitalization allows for the distribution of assets that can organize,
improve, and deliver resources and management. The ability to implement digitalization
can improve performance access to markets and consumers [31,32].

2.2. Social Capital and Supply Chain Performance

The concept of social capital was introduced by economists in the 1990s. Social capital
theory directs attention toward the potential of a firm’s social networks to provide a
competitive advantage [33]. Formal social capital has been shown to generate more benefits
in the form of financial resources when compared with informal social capital [34]. Training
in production, operations, and planning, together with formal social capital, was reportedly
common among entrepreneurs exploiting high-growth resources [35]. The impact of social
capital on supply chain performance has been studied at multiple levels using different
performance measures.

Social capital is widely described in the literature as a valuable asset that stems from
access to resources made available through social relationships. Three dimensions of
social capital: relational, cognitive, and structural. They proposed that relational capital
concerns relationships among people with a history of interactions [36]. This capital,
which encompasses the character and qualities of the connections between individuals,
is often characterized by trust, cooperation, and the identity that a particular individual
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has within a network of relationships [37,38]. The interactions can be influenced by the
relationship and history of exchanges between particular individuals. Cognitive capital
refers to resources that provide shared representations, interpretations, and systems of
meaning among parties. This capital captures the concepts of shared norms, systems of
meanings and values, and, as such, can be expected to directly affect the development of
both social capital and relationships [39,40]. Structural capital includes the properties of a
social system and the network of relationships. It includes network components and facets
such as the presence or absence of ties between parties; the configuration of a network,
such as the hierarchy within an organization; concepts such as the density of relationships,
structural holes in networks, the presence or absence of network ties among different
people and formal and/or (appropriable) informal network configurations; and the density
and connectivity of a network [41,42].

The role of social capital in buyer-supplier relationships and its impact on supply
chain performance has been studied from the SCM perspective [43]. This study also pre-
sumes that social capital has considerable influence on supply chain performance. Previous
studies have indicated that social capital plays a central role in driving performance im-
provement in supply chains. Social capital enables superior planning and the setting of
specific goals and problem solving, and can therefore enhance supply chain performance.
Interaction between suppliers through technical exchanges can also help improve supply
chain performance. In short, social capital encouraged by information-sharing, communi-
cation, and joint problem-solving exercises, along with trust, partnership, and familiarity,
can provide supply chain members with opportunities to improve performance [44].

Social capital was established as a mediated variable based on studies by Krause
et al. [45] and Roden and Lawson [39] in which social capital was divided relational,
cognitive, and structural dimensions. Relational capital was measured by the degree of
closeness of the interactions, mutual trust, mutual friendship, and reciprocity at multiple
levels. Cognitive capital was measured in terms of whether the respondents shared the
business values, ambitions, and vision and understood the company’s goals for the business.
Structural capital described the items related to relationship characterized by social events.
Metrics included joint execution and the holding of workshops, cross-functional teams,
co-location, and team-building activities with partnership firms.

On healthcare digitalization, social capital is the fundamental asset involved in design-
ing, creating, and offering assistance and items to meet business needs [46]. Social capital
consists of a system structure and potential assets that can pass through the system. It is
both an asset and a resource that constitutes a relationship in a supply chain. Social capital
among organizations leads to self-development. Established relationship patterns and
communication processes benefit from technological facilities and infrastructure that create
dynamic opportunities. Because social capital provides external sources of information and
knowledge, it has a significant effect on value creation and affects healthcare digitalization
and performance [47,48].

Supply chain performance was based on studies by Singhal et al. [49] and Terjesen
et al. [50]. Supply chain performance can be affected by the operational perspective of
supply chain processes and bullwhip effect minimization, including agility (production
flexibility and order-delivery cycle time reduction), capacity (the driving force to explore
new products and new markets), and product diversity (the degree of provision of various
products according to market demand and globalization).

Based on the above review, a relationship identifies among healthcare digitalization
and social capital, as well as social capital and supply chain performance. These relation-
ships are drawn in Figure 1 and are summarized in the following hypothesis:

Hypothesis 1 (H1): Healthcare digitalization (internal efficiency, disruptive change, external
opportunities) is positively associated with Social capital (relational, cognitive, structural).

Hypothesis 2 (H2): Social capital (relational capital, cognitive capital, structural capital) is
positively associated with supply chain management.
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Hypothesis 3 (H3): The relationship between healthcare digitalization (internal efficiency, disrup-
tive change, external opportunities) and supply chain performance is mediated by Social capital
(relational capital, cognitive capital, structural capital).

Healthcare Social Supply Chain
Digitalization Capital - Performance

Relational
Capital

Internal
Efficiency

Cognitive Supply Chain
Capital Performance

Structural
Capital

Opportunities

Figure 1. The study model.

3. Methodology

To test the research model, we collected data from 130 respondents working at small
and medium-sized healthcare manufacturing companies, especially medical equipment, in
South Korea. Online form and emails were utilized to collect the data. The survey period,
including pre-test surveys, ran from 5 September 2020, to 24 October 2020. A total of
152 responses were collected. Invalid responses were excluded and the remaining 130 were
analyzed. We performed statistical analyses using SPSS 21.0 with the AMOS 22.0 module.

Common method bias (CMB) and non-response bias are important factors that can
distort correlations between independent and dependent variables, and undermine internal
validity. Because this study collected data from a self-administered online survey, CMB
was possible. To minimize the chances of this occurring, an explanation on the concept of
measurement variables was included in the survey, and the questionnaire was clarified
through pre-tests. In addition, non-response data that were difficult to resolve completely
were excluded.

Descriptive statistics analysis and frequency analysis were conducted. In addition,
confirmatory factor analysis and reliability analysis (using Cronbach’s alpha) were used to
verify variable validity, and discriminant validity was determined using average variance
extracted and construct reliability values. To confirm correlations between factors in the
variables, we calculated Pearson’s correlation coefficients. Finally, to verify the hypotheses,
determine model fit, and assess multicollinearity problems, a Structural Equation Modeling
(SEM) analysis was implemented. The analysis variables were revised and supplemented
with existing empirical and case studies and verified by comparisons with previous studies.
All variables, with the exception of demographic items, were measured using a five-point
Likert scale and provided in Appendix A.

4. Results
4.1. Demographic Characteristics, Descriptive Statistics and Correlations
To understand the demographic characteristics of the respondents, descriptive statis-

tics and frequency analyses were conducted. Table 1 provides the frequencies, percentages,
means, and standard deviations among the respondents. Among the 130 respondents,
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assistant managers provided the highest response rate at 40.0% (1 = 44), followed by staff
at 33.8% (n = 44), general managers at 21.5% (n = 28), and executive managers at 4.6%
(n = 6). The results provide more information about execution in the field than in the
planning aspects of digitalization considered by executives. In terms of a respondents’
working area, research and development departments showed the highest response rate
with 44 respondents (33.8%), followed by strategy planning with 36 respondents (27.7%),
manufacturing and production management with 26 respondents (20.0%), and quality
control with 24 respondents (18.5%).

Table 1. Demographic characteristics for respondents (1 = 130).

Variable N % Mean SD

Position 130 1.97 0.86
Executive manager 6 4.6
General manager 28 215
Assistant manager 52 40.0
Staff 44 33.8

Department 130 2.74 1.15
Manufacturing/production 26 20.0
R&D 44 33.8
Quality control 24 18.5
Strategy planning 36 27.7

Note: SD = standard deviation.

Table 2 shows mean and standard deviation for each variable as well as its critical
ratio (CR), alpha (x) values, average variance extracted (AVE) and correlation coefficients.
The AVE value of the construct was higher than the suggested minimum of 0.5. Cronbach’s
alpha coefficient was used in a reliability analysis to confirm internal consistency; if the
reliability of the measurement item was 0.7 or higher, the reliability was considered high.
As shown in Table 2, the Cronbach’s alpha of the measurement item of this study was
0.747~0.890, which verified the internal consistency of the measurement item.

Table 2. Descriptive statistic, CR, Alpha, AVE and correlation analysis for constructs.

Pearson Correlations (1 = 130)

Variables Mean SD CR [o4
1 2 3 4 5 6 7
1.1IE 3.83 0.519 0.853 0.827 (0.758)
2. DC 4.23 0.488 0.816 0.765 0.661 * (0.587)
3. EO 3.91 0.516 0.865 0.753 0.673 * 0.497 ** (0.668)
4. RD 3.92 0.494 0.886 0.803 0.513 ** 0.530 * 0.305 ** (0.754)
5.CD 3.92 0.642 0.835 0.769 _(1'*277 0.150 **  0.333**  0.205 ** (0.677)
6.SD 3.71 0.574 0.834 0.747 0.391 ** 0.211* 0.344 * 0.334 **  (0.487 ** (0.728)
7. PE 4.10 0.730 0.900 0.890 0.219* 0.270 ** 0.169 * 0.280 * 0.191 * 0.207 * (0.676)

*p <0.05, ** p < 0.01, Note: Parenthesis indicates AVE values of the individual constructs. Off-diagonal scores are the squared corre-
lations between the constructs. IE = internal efficiency, DC = disruptive change, EO = external opportunities, RD = relational capital,
CD = cognitive capital, SD = structural capital, PE = performance.

4.2. Validity and Reliability Analysis

The pre-test, which was conducted using the initial variables, confirmed the validity
of the factors, except for a single factor in each dimension of social capital. Based on the
results of the pre-test, factor and reliability analyses were conducted using SPSS 22.0 and
AMOS 22.0 to determine the unity, reliability, and feasibility of healthcare digitalization,
social capital, and performance. Six factors were extracted (see Table 3). One question was
removed from each of the three dimensions of social capital, and all other research variables
were factored out in the same way as the theoretical structure of previous research. The
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factor-loading value of the measurement items was 0.637~0.900 (all of which exceeded 0.6),

and 74.138% of the total variance in data was explained.

Table 3. Factor analysis for independent, mediated and dependent variables.

Factors

1

2 3 4 5 6

7

Eigen Value

Internal efficiency

IE1

IE2

IE 3

IE 4
Disruptive change

DC1

DC2

DC3

External opportunities

EO1

EO2

EO3
Relational capital

RD1

RD 2

RD 3
Cognitive capital

CD1

CD2

CD3
Structural capital

SD1

SD2

SD3

Performance

PE1

PE 2

PE3

PE 4

PE5

0.847
0.651
0.760
0.824

0.784
0.637
0.775

0.813
0.676
0.836

0.900
0.754
0.762

0.773
0.842
0.773

0.848
0.775
0.646

0.845
0.840
0.738
0.834
0.844

4474

4.205

3.321

2.466

2.211

1.811

1.512

Note: Factor loadings below 0.50 were removed from the table, IE = internal efficiency, DC = disruptive
change, EO = external opportunities, RD = relational capital, CD = cognitive capital, SD = structural capital,
PE = performance.

4.3. Research Hypotheses Tests

The AMOS 22.0 module was applied to analyze the relationships between healthcare
digitalization and social capital (H1), and between social capital and supply chain perfor-
mance (H2). The analysis results are shown in Figure 2. According to the model fit of the
research model, the x? value was 945.802 (p = 0.000), which was not significant. However,
x2/df was 3.54, which was close to 3, which satisfies the model fit. The comparative fix
index, incremental fit index and normed fit index were 0.94, 0.84, 0.93, respectively. The
absolute fit indices of root mean square error of approximation and root mean square
residual were 0.08 and 0.08. respectively. These results indicate a good fit between the
model and the data.

As a result of the relationship between healthcare digitalization and social capital (H1),
the effect of internal efficiency on relational capital was 3 = 1.70 (p = 0.002), on cognitive
capital 3 = 0.74 (p = 0.029), and on structural capital 3 = 1.65 (p = 0.004). Next, the effect
of disruptive change on relational capital was 3 = 0.61 (p = 0.047), on cognitive capital
B =0.84 (p = 0.046) and on structural capital = —0.62 (p = 0.019). The effect of external
opportunities on relational capital was 3 = 1.79 (p = 0.000), on cognitive capital 3 = 1.66
(p = 0.000), and on structural capital 3 = 0.56 (p = 0.029), validating H1.
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Figure 2. The research model results; ** p < 0.05, *** p < 0.01.

According to the results of the relationship between social capital and supply chain
performance (H2), the effect of relational capital on supply chain performance was 3 = 0.42
(p = 0.039). Next, the effect of cognitive capital on supply chain performance was 3 = 0.83
(p = 0.008). The effect of structural capital on supply chain performance was 3 = 0.21
(p = 0.046). H2 was therefore supported.

The mediating effect of social capital on the relationship between healthcare digital-
ization and supply chain performance was also tested. To verify the effect, two alternative
models (Model 1 and Model 2) were set and a x? difference test was performed. We verified
the mediating effect by comparing the superiority between alternative models in the nested
relation. To establish the nested relation, alternative models were based on the same latent
and measured variables as the research model. The first alternative was Model 1, which
set all the paths in the research model and additional paths (direct relationship between
healthcare digitalization and supply chain performance). The second alternative was
Model 2, which showed only a direct relationship between healthcare digitalization and
supply chain performance. Model 2 was nested within Model 1, as shown in Figure 3.

To verify the mediating effect, the x> value was checked to determine the superiority
of the alternative models. Because Model 1 and Model 2 were nested, they can be directly
compared through a x? difference test. Model 1 had a lower x2 value and fewer degrees of
freedom than that of Model 2 (Ax? = 129.494, Adf = 12). In other words, Model 1 produced
a decrease of 12 degrees of freedom relative to Model 2, but because the x? value decreased
sufficiently to offset the decrease in degrees of freedom, it can be said that Model 1 was
superior to Model 2.

According to the path coefficient value of Model 1 used to support the superiority
of Model 1, the healthcare digitalization and social capital path coefficients that were not
included in Model 2 were significant. The effect of internal efficiency on relational capital
was 3 = 1.66 (p = 0.001), on cognitive capital 3 = 0.69 (p = 0.033), and on structural capital
3 =1.59 (p = 0.004). Next, the effect of disruptive change on relational capital was (3 = 0.65
(p = 0.045), on cognitive capital 3 = 0.57 (p = 0.026), and on structural capital 3 = —0.47
(p = 0.017). The effect of external opportunities on relational capital was 3 = 1.74 (p = 0.000),
on cognitive capital = 1.61 (p = 0.000) and on structural capital 3 = 0.57 (p = 0.026).

The social capital and supply chain performance path coefficients not included in
Model 2 were also significant. At first, the effect of relational capital on supply chain
performance was 3 = 0.42 (p = 0.037). Next, the effect of cognitive capital on supply chain
performance was found to be 3 = 0.62 (p = 0.027). The effect of structural capital on supply
chain performance was found to be 3 = 0.14 (p = 0.043). We therefore concluded that the
suitability of Model 1, which includes these significant paths, had increased. In addition,
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the direct effect of digitalization on supply chain performance was small and a relatively
large part was mediated by social capital, supporting H3.

Relational
Capital

Supply Chain
Performance

P ——
Cognitive
Capital

Model 1

— Not constrained

Path constrained to ‘0’

Relational
Capital

Model 2

—— Not constrained

Path constrained to ‘0"

Figure 3. Alternative models to verify the mediating effect (Model 1 and Model 2).

5. Discussion

Digitalization of a supply chain in healthcare industry improves access to market
demand and customer information. Healthcare manufacturers can, therefore, develop
seamless partnerships with strong interrelationships. In addition, the continuity of re-
lationships with existing suppliers can be strengthened, and opportunities to establish
relationships with new suppliers increased. Through healthcare digitalization, social capi-
tal, a potential resource and asset that accumulates in supply chain flows, has a positive
effect. A detailed discussion of the results of the analysis reveals three critical findings.

First, healthcare digitalization has a positive effect on the formation of social capital.
In healthcare manufacturing, strategic relationships are crucial, as supply chain networks
and production processes influence the intended use of output. Digitalization increases
the visibility of supply chain networks, enables planning in strategic relationships, and
uncovers opportunities to establish new relationships. In addition, the range of products
can be expanded and the complexity of the design process addressed using digital products
and services [8,51]. Healthcare digitalization has been found to have a positive impact on
social capital formation, accelerating and promoting the formation and sharing of social
capital. Disruptive changes in healthcare digitalization were found to negatively affect
structural capital. Social capital is formed by strong social networks among partnership
firms in a supply chain, and it is possible to establish mutually cooperative relationships
and secure supply chain visibility. However, we confirmed that digital manufacturing
technology platforms can prove disruptive of the platform is the focus, rather than mutually
cooperative relationship-building [20,52].

Second, we found that relational, cognitive, and structural capital (as a lower dimen-
sion of social capital) had positive effects on supply chain performance. For healthcare
manufacturing companies, it is essential to secure timely and accurate information to
manage the flow of products and services. This can be realized by establishing close and
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interactive relationships among partnership firms. We confirmed that the formation of
social capital in a supply chain enables visualization of the entire supply chain process and
has a positive effect on real-time information-sharing between key elements. For SCM to
be successful, mutually cooperative relationships between partners in a supply chain are
essential, and a trusting relationship for information-sharing must be established. In addi-
tion, sharing a common vision and goals within a supply chain plays a key role in ensuring
efficient operations by promoting relational accessibility and collaborative commitments
among partnership firms [11,14,53]. We confirmed that the formation of social capital of
small and medium-size enterprises in a supply chain can have a positive effect on agile
SCM by enabling the efficient operation and resource management of companies.

Finally, we found that social capital plays a mediating role in the relationship between
healthcare digitalization and supply chain performance. Healthcare manufacturers must be
flexible when responding to changes in non-standard orders, specific order requirements,
immediate demands, and trends through active internal and external communications.
Access to product-specification demand and market-demand information can be improved
by digitalization of the supply chain, and shortening delivery cycle times. Close interactions
among partnership firms are beneficial, and shared business values should be embraced.
To form a supply chain network based on a digital manufacturing technology, a cross-
functional team with partnership firms must be formed and a team for organizational
development must be established [21,54]. The direct effect of healthcare digitalization on
supply chain performance is small, and relatively large parts are mediated and influenced
by social capital.

6. Conclusions

With the spread of COVID-19, daily lives have changed dramatically and the indus-
trial ecosystems are undergoing major paradigm shifts. As a result, manufacturing sectors
needs to strengthen value chains where its businesses are located. Digitalization based on
digital manufacturing technologies such as automation, Al and IoT is emerging as a major
opportunity for manufacturers. The prolonged COVID-19 pandemic means manufacturing
costs are continuing to increase while production workforces are shrinking, and digitaliza-
tion is expected to increase the productivity of the manufacturing industry. We conducted
a study of the effects of digitalization that can be expected in global supply chains due to
the globalization of existing production bases. Based on the research objectives and results,
the following implications are likely.

Until now, digitalization research related to supply chains has been conducted primar-
ily through qualitative research. Although the importance and necessity of digitalization
has been enhanced through such studies, empirical evidence on the performance of manu-
facturing companies that have applied digitalization is lacking. Supply chains of healthcare
manufacturers are highly vulnerable to the effects of changing technological trends, and
digitalization can have a profound effect on performance. In addition, as the formation of
social capital in a supply chain network accelerates, the efficient delivery of product speci-
fications and market-trend information of value to healthcare manufacturers is essential.
Our findings show that the performance of healthcare manufacturer can be improved by
improving supply chain visibility with digitalization and the rapid creation of social capital.

The advent of digital manufacturing technologies requires that manufacturer take
risks involving innovation and choose strategic alternatives for competitive advantage.
The existing manufacturing industry environment caused by globalization can adapt to the
challenges presented by COVID-19. Supply chain managers need a clear understanding of
digitalization to apply the appropriate Al and automation tools. They must also maintain
supply chain partnerships using social capital that helps achieve target performance. The
evaluation of existing partnerships and the discovery of new partnerships can be accom-
plished by creating social capital within a supply chain network. Social capital formed in a
supply chain should be considered in future research to confirm the performance aspects
of digitalization.
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Since this study attempted to verify the impact of digitalization on healthcare man-
ufacturing companies, it is difficult to generalize the entire healthcare industry based on
the results of the study. Therefore, through future research, we intend to proceed with
research on the impact of digitalization in the new normal era caused by COVID-19. In
addition, by combining digitalization and servitization, it intends to derive implications
for the healthcare service industry.
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Appendix A
Internal efficiency

IE1 Facilitates access to information related to demand markets and customers.
IE2 Facilitates strategic planning of the supply chain.

IE3 Brings about cost savings.

IE4 Makes easily to develop employee competencies and job-related skills.

Disruptive change

DC1 Maintains cooperation with existing supply chain partners through digitalization.
DC2 Facilitates forming partnerships with new supply chain partners through digital-
ization.

e  DC3 Increases supply chain flexibility through digitalization.

External opportunities

e EOI1 Facilitates communication within the company through digitalization.
EO2 Facilitates communication with external stakeholders through digitalization.
EO3 Facilitates market activities related to demand and supply market demand
through digitalization.

Relational capital

e RD1 Close interaction with partner companies from various angles.

e RD2 Forms a partnership relationship based on mutual trust, respect, friendship.
e  RD3 Establishes a mutual win-win strategy based on high reciprocity.

Cognitive capital

e (D1 Strives to increase mutual benefits, profits with partners.

e (D2 Shares common business values, goals with partners.

e (D3 Shares the strategic direction, vision for the future with partners.

Structural capital

e  SC1 Jointly participates in social activities with partners.
e  5C2 Forms multifunctional teams with partners.

e  SC3 A co-location method is in progress with a partner.
Supply chain performance

e  PEl Processes non-standard orders in the supply chain.
PE2 Launches new products rapidly.
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e  PE3 Quickly adjusts the degree of production increase or decrease in an immediate
response to changes in consumer demand.
PE4 Crossover activities beyond the boundaries of trade partners in supply chain.
PE5 Reduces the order-delivery cycle time.

References

1. Adler, PS.; Kwon, S.W. Social capital: Prospects for a new concept. Acad. Manag. Rev. 2002, 27, 17-40. [CrossRef]

2. Agarwal, R; Gao, G.; DesRoches, C.; Jha, A.K. Research commentary—The digital transformation of healthcare: Current status
and the road ahead. Inf. Syst. Res. 2010, 21, 796-809. [CrossRef]

3.  Ali-Hassan, H.; Nevo, D.; Wade, M. Linking dimensions of social media use to job performance: The role of social capital. J.
Strateg. Inf. Syst. 2015, 24, 65-89. [CrossRef]

4. Appio, EP; Lima, M,; Paroutis, S. Understanding Smart Cities: Innovation ecosystems, technological advancements, and societal
challenges. Technol. Forecast. Soc. Chang. 2019, 142, 1-14. [CrossRef]

5. Baker, W.E. Market networks and corporate behavior. Am. J. Sociol. 1990, 96, 589-625. [CrossRef]

6. Bampo, M.; Ewing, M.T.; Mather, D.R.; Stewart, D.; Wallace, M. The effects of the social structure of digital networks on viral
marketing performance. Inf. Syst. Res. 2008, 19, 273-290. [CrossRef]

7. Bernardes, E.S. The effect of supply management on aspects of social capital and the impact on performance: A social network
perspective. J. Supply Chain Manag. 2010, 46, 45-55. [CrossRef]

8. Bouwman, H.; Nikou, S.; Molina-Castillo, EJ.; de Reuver, M. The impact of digitalization on business models. Digit. Policy Regul.
Gov. 2018, 20, 105-124. [CrossRef]

9. Carey, S.; Lawson, B.; Krause, D.R. Social capital configuration, legal bonds and performance in buyer-supplier relationships. J.
Oper. Manag. 2011, 29, 277-288. [CrossRef]

10. Dyer, ].H,; Singh, H. The relational view: Cooperative strategy and sources of interorganizational competitive advantage. Acad.
Manag. Rev. 1998, 23, 660-679. [CrossRef]

11. Hinings, B.; Gegenhuber, T.; Greenwood, R. Digital innovation and transformation: An institutional perspective. Inf. Organ. 2018,
28,52-61. [CrossRef]

12.  Holmstrém, J.; Holweg, M.; Lawson, B.; Pil, EK.; Wagner, S.M. The digitalization of operations and supply chain management:
Theoretical and methodological implications. J. Oper. Manag. 2019, 65, 728-734. [CrossRef]

13. Hsieh, J.P.A.; Rai, A.; Keil, M. Addressing digital inequality for the socioeconomically disadvantaged through government
initiatives: Forms of capital that affect ICT utilization. Inf. Syst. Res. 2011, 22, 233-253. [CrossRef]

14. Kannabiran, G.; Dharmalingam, P. Enablers and inhibitors of advanced information technologies adoption by SMEs: An empirical
study of auto ancillaries in India. J. Enterp. Inf. Manag. 2012, 25, 186-209. [CrossRef]

15. Katz, R.; Koutroumpis, P.; Martin Callorda, F. Using a digitization index to measure the economic and social impact of digital
agendas. Info 2014, 16, 32—44. [CrossRef]

16. Khan, Z.H,; Siddique, A.; Lee, C.W. Robotics Utilization for Healthcare Digitization in Global COVID-19 Management. Int. J.
Environ. Res. Public Health 2020, 17, 3819. [CrossRef]

17.  Kickul, J.R.; Gundry, L.K.; Sampson, S.D. Women entrepreneurs preparing for growth: The influence of social capital and training
on resource acquisition. J. Small Bus. Entrep. 2007, 20, 169-181. [CrossRef]

18.  Kim, H.; Lee, C.W. The effects of customer perception and participation in sustainable supply chain management: A smartphone
industry study. Sustainability 2018, 10, 2271. [CrossRef]

19. Kim, HK,; Lee, C.W. An Empirical Study on Supply Chain Performance of SME Business Digitalization: Focusing on the Influence
Supply Chain Dynamic Capabilities. Product. Rev. 2020, 34, 57-82. [CrossRef]

20. Koohang, A ; Paliszkiewicz, J.; Goluchowski, J. The impact of leadership on trust, knowledge management, and organizational
performance: A research model. Ind. Manag. Data Syst. 2017, 117, 521-537. [CrossRef]

21. Kraus, S; Richter, C.; Papagiannidis, S.; Durst, S. Innovating and exploiting entrepreneurial opportunities in smart cities: Evidence
from Germany. Creat. Innov. Manag. 2015, 24, 601-616. [CrossRef]

22. Krause, D.R.; Handfield, R.B.; Tyler, B.B. The relationships between supplier development, commitment, social capital accumula-
tion and performance improvement. J. Oper. Manag. 2007, 25, 528-545. [CrossRef]

23. Lawson, B; Tyler, B.B.; Cousins, P.D. Antecedents and consequences of social capital on buyer performance improvement. J. Oper.
Manag. 2008, 26, 446—460. [CrossRef]

24. Lee, ].Y,; Swink, M.; Pandejpong, T. The roles of worker expertise, information sharing quality, and psychological safety in
manufacturing process innovation: An intellectual capital perspective. Prod. Oper. Manag. 2011, 20, 556-570. [CrossRef]

25. Lee, R. Social capital and business and management: Setting a research agenda. Int. ]. Manag. Rev. 2009, 11, 247-273. [CrossRef]

26. Lee, S.Y. The effects of green supply chain management on the supplier’s performance through social capital accumulation.
Supply Chain Manag. 2015, 20, 42-55. [CrossRef]

27. Massimino, B.; Gray, J.V.; Lan, Y. On the inattention to digital confidentiality in operations and supply chain research. Prod. Oper.
Manag. 2018, 27, 1492-1515. [CrossRef]

28. Matt, C.; Hess, T.; Benlian, A. Digital transformation strategies. Bus. Inf. Syst. Eng. 2015, 57, 339-343. [CrossRef]


http://doi.org/10.5465/amr.2002.5922314
http://doi.org/10.1287/isre.1100.0327
http://doi.org/10.1016/j.jsis.2015.03.001
http://doi.org/10.1016/j.techfore.2018.12.018
http://doi.org/10.1086/229573
http://doi.org/10.1287/isre.1070.0152
http://doi.org/10.1111/j.1745-493X.2009.03185.x
http://doi.org/10.1108/DPRG-07-2017-0039
http://doi.org/10.1016/j.jom.2010.08.003
http://doi.org/10.5465/amr.1998.1255632
http://doi.org/10.1016/j.infoandorg.2018.02.004
http://doi.org/10.1002/joom.1073
http://doi.org/10.1287/isre.1090.0256
http://doi.org/10.1108/17410391211204419
http://doi.org/10.1108/info-10-2013-0051
http://doi.org/10.3390/ijerph17113819
http://doi.org/10.1080/08276331.2007.10593393
http://doi.org/10.3390/su10072271
http://doi.org/10.15843/kpapr.34.3.2020.9.57
http://doi.org/10.1108/IMDS-02-2016-0072
http://doi.org/10.1111/caim.12154
http://doi.org/10.1016/j.jom.2006.05.007
http://doi.org/10.1016/j.jom.2007.10.001
http://doi.org/10.1111/j.1937-5956.2010.01172.x
http://doi.org/10.1111/j.1468-2370.2008.00244.x
http://doi.org/10.1108/SCM-01-2014-0009
http://doi.org/10.1111/poms.12879
http://doi.org/10.1007/s12599-015-0401-5

Int. J. Environ. Res. Public Health 2021, 18, 1417 13 of 13

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Matthews, R.L.; Marzec, P.E. Social capital, a theory for operations management: A systematic review of the evidence. Int. J. Prod.
Res. 2012, 50, 7081-7099. [CrossRef]

Mittal, S.; Khan, M.A.; Romero, D.; Wuest, T. A critical review of smart manufacturing & Industry 4.0 maturity models:
Implications for small and medium-sized enterprises (SMEs). ]. Manuf. Syst. 2018, 49, 194-214.

Moro Visconti, R.; Morea, D. Big data for the sustainability of healthcare project financing. Sustainability 2019, 11, 3748. [CrossRef]
Moro Visconti, R.; Morea, D. Healthcare Digitalization and Pay-For-Performance Incentives in Smart Hospital Project Financing.
Int. ]. Environ. Res. Public Health 2020, 17, 2318. [CrossRef] [PubMed]

Muniady, R.A.L.; Mamun, A.A.; Mohamad, M.R.; Permarupan, P.Y.; Zainol, N.R.B. The effect of cognitive and relational social
capital on structural social capital and micro-enterprise performance. SAGE Open 2015, 5, 1-9. [CrossRef]

Nahapiet, ].; Ghoshal, S. Social capital, intellectual capital, and the organizational advantage. Acad. Manag. Rev. 1998, 23, 242-266.
[CrossRef]

Nambisan, S. Digital entrepreneurship: Toward a digital technology perspective of entrepreneurship. Entrep. Theory Pract. 2017,
41, 1029-1055. [CrossRef]

Nambisan, S.; Lyytinen, K.; Majchrzak, A.; Song, M. Digital Innovation Management: Reinventing innovation management
research in a digital world. MIS Q. 2017, 41, 223-238. [CrossRef]

Nordstrom, O.A.; Steier, L. Social capital: A review of its dimensions and promise for future family enterprise research. Int. J.
Entrep. Behav. Res. 2015, 21, 801-813. [CrossRef]

Nyaga, G.N.; Whipple, ].M.; Lynch, D.FE. Examining supply chain relationships: Do buyer and supplier perspectives on
collaborative relationships differ? J. Oper. Manag. 2010, 28, 101-114. [CrossRef]

Parviainen, P.; Tihinen, M.; Kdaridinen, J.; Teppola, S. Tackling the digitalization challenge: How to benefit from digitalization in
practice. Int. |. Inf. Technol. Proj. Manag. 2017, 5, 63-77.

Plewa, C.; Troshani, I.; Francis, A.; Rampersad, G. Technology adoption and performance impact in innovation domains. Ind.
Manag. Data Syst. 2012, 112, 748-765. [CrossRef]

Rachinger, M.; Rauter, R.; Miiller, C.; Vorraber, W.; Schirgi, E. Digitalization and its influence on business model innovation. J.
Manuf. Technol. Manag. 2019, 30, 1143-1160. [CrossRef]

Rippa, P; Secundo, G. Digital academic entrepreneurship: The potential of digital technologies on academic entrepreneurship.
Technol. Forecast Soc. Chang. 2019, 146, 900-911. [CrossRef]

Roden, S.; Lawson, B. Developing social capital in buyer—supplier relationships: The contingent effect of relationship-specific
adaptations. Int. J. Prod. Econ. 2014, 151, 89-99. [CrossRef]

Sapta, LK.S.; Landra, N.; Supartha, LW.G.; Asih, D.; Setini, M. Public Health welfare in Digital-based Resources Transformation
from Social Capital and Information Sharing: Creative Industries from Village. Syst. Rev. Pharm. 2020, 11, 688—696.

Seo, SSW.; Kim, H.C.; Zhu, Z.Y,; Lee, ].T. What Makes Hotel Chefs in Korea Interact with SNS Community at Work? Modeling the
Interplay between Social Capital and Job Satisfaction by the Level of Customer Orientation. Int. ]. Environ. Res. Public Health 2020,
17,7129. [CrossRef]

Shiras, T.; Cumming, O.; Brown, J.; Muneme, B.; Nala, R.; Dreibelbis, R. Shared sanitation management and the role of social
capital: Findings from an urban sanitation intervention in Maputo, Mozambique. Int. J. Environ. Res. Public Health 2018, 15, 2222.
[CrossRef]

Singhal, K.; Singhal, J. Technology and Manufacturing in China before the Industrial Revolution and Glimpses of the Future.
Prod. Oper. Manag. 2019, 28, 505-515. [CrossRef]

Stam, W.; Arzlanian, S.; Elfring, T. Social capital of entrepreneurs and small firm performance: A meta-analysis of contextual and
methodological moderators. J. Bus. Ventur. 2014, 29, 152-173. [CrossRef]

Svahn, F.; Mathiassen, L.; Lindgren, R. Embracing Digital Innovation in Incumbent Firms: How Volvo Cars Managed Competing
Concerns. MIS Q. 2017, 41, 239-253. [CrossRef]

Swanson, E.; Kim, S.; Lee, S.M.; Yang, ].].; Lee, YK. The effect of leader competencies on knowledge sharing and job performance:
Social capital theory. J. Hosp. Tour. Manag. 2020, 42, 88-96. [CrossRef]

Terjesen, S.; Patel, P.C.; Sanders, N.R. Managing differentiation-integration duality in supply chain integration. Decis. Sci. 2012,
43, 303-339. [CrossRef]

Tsai, C.H. Integrating social capital theory, social cognitive theory, and the technology acceptance model to explore a behavioral
model of telehealth systems. Int. |. Environ. Res. Public Health 2014, 11, 4905-4925. [CrossRef]

Wagner, S.M.; Bode, C. Supplier relationship-specific investments and the role of safeguards for supplier innovation sharing.
J. Oper. Manag. 2014, 32, 65-78. [CrossRef]

Yoo, Y.; Boland, R.J., Jr.; Lyytinen, K.; Majchrzak, A. Organizing for innovation in the digitized world. Organ. Sci. 2012, 23,
1398-1408. [CrossRef]


http://doi.org/10.1080/00207543.2011.617395
http://doi.org/10.3390/su11133748
http://doi.org/10.3390/ijerph17072318
http://www.ncbi.nlm.nih.gov/pubmed/32235517
http://doi.org/10.1177/2158244015611187
http://doi.org/10.5465/amr.1998.533225
http://doi.org/10.1111/etap.12254
http://doi.org/10.25300/MISQ/2017/41:1.03
http://doi.org/10.1108/IJEBR-07-2015-0148
http://doi.org/10.1016/j.jom.2009.07.005
http://doi.org/10.1108/02635571211232316
http://doi.org/10.1108/JMTM-01-2018-0020
http://doi.org/10.1016/j.techfore.2018.07.013
http://doi.org/10.1016/j.ijpe.2014.01.008
http://doi.org/10.3390/ijerph17197129
http://doi.org/10.3390/ijerph15102222
http://doi.org/10.1111/poms.13010
http://doi.org/10.1016/j.jbusvent.2013.01.002
http://doi.org/10.25300/MISQ/2017/41.1.12
http://doi.org/10.1016/j.jhtm.2019.11.004
http://doi.org/10.1111/j.1540-5915.2011.00345.x
http://doi.org/10.3390/ijerph110504905
http://doi.org/10.1016/j.jom.2013.11.001
http://doi.org/10.1287/orsc.1120.0771

	Introduction 
	Literature Review and Hypotheses Development 
	Healthcare Digitalization 
	Social Capital and Supply Chain Performance 

	Methodology 
	Results 
	Demographic Characteristics, Descriptive Statistics and Correlations 
	Validity and Reliability Analysis 
	Research Hypotheses Tests 

	Discussion 
	Conclusions 
	
	References

