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Abstract: The use of digital technology accelerates the progress of medical research through improv-
ing the quality of clinical trials and medical education. However, empirical evidence on how digital
competency contributes to the innovativeness of medical research and influence of institutional envi-
ronment has received scant attention. Based on the data of 63 nations, this study explores the question
of how national-level digital competency impacts the innovativeness of medical research reflected
in research publications and examines the moderating effect of government and the economic envi-
ronment. We find that national digital competency positively impacts the innovativeness of medical
research in the focal nation. However, this relationship is positively or negatively modulated by
diverse institutional environments. Our study contributes to innovation and institutional perspective
literature in the context of digital technologies for medical research.
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1. Introduction

The use of digital technology has great potential for medical research. Particularly, the
COVID-19 pandemic has played a central role in accelerating the process of development
and sophistication of digital technology in medical research [1,2]. Appropriately employing
digital technology can significantly increase both efficiency and efficacy in clinical trials
and medical education, which are key to the advancement of medical research [3–6]. More
specifically, digital technology can contribute to the development of medical research by
improving the efficiency of participant recruitment and retention, health data collection, and
data analysis in clinical trials. It also increases the accuracy of the analysis by facilitating
communication with the participants of an experiment and reducing the time for data
collection. Thus, the development of digital technology is closely related to advances in
medical research.

In a global perspective, the COVID-19 pandemic provides many countries with an
opportunity to recognize the importance of employing digital technologies to respond
to global challenge. Research collaboration for the development and distribution of vac-
cines, the prediction and tracking of confirmed cases, and the sharing of information have
become globally critical issues. The role of digital technologies in medicine has received
steady attention from scholars from diverse domains. In the field of medicine, researchers
have mainly studied how digital technology contributes to the treatment or surgery of
patients in specific fields. [7–9]. Scholars from engineering fields have focused on data
sharing, protection, and management including the interface, integration, and coordination
of data [10,11]. Business researchers have predominantly investigated digital health ecosys-
tem and interactions among various stakeholders from an ecosystem perspective [12–14].
Although these existing studies have offered valuable and diverse insights, these studies
have been conducted mainly in the context of specific types of organizations (e.g., hospital,
biotech company, etc.) or industries (e.g., biotech industry, pharmaceutical industry, etc.),
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and national or global-level perspectives have been somehow neglected in this stream
of research.

However, how digital competency contributes to the innovativeness of medical re-
search has received scant attention and is barely supported by empirical evidence. Based on
the awareness of this issue, this study examines how national digital competency impacts
the innovativeness of medical research in a global context. As medical research is highly
diversified, this study will pay special attention to the effects of national digital compe-
tency on the research performance of vital areas in medicine—a medical terminology—that
comprehensively refers to four areas: (1) surgery; (2) internal medicine; (3) pediatrics,
perinatology, and child health; and (4) obstetrics and gynecology. These areas are major
disciplines in the field of medicine, encompassing various subfields. For example, geriatrics
is included in internal medicine. (Pediatrics, etc., are included in this category not to
distinguish a specific age group, but because babies and children require a fundamentally
different medical approach than adults). The reason for focusing on those vital areas is
because the research performance of those areas is straightly associated with fatalities
through the whole lifespan of human. Knowledge in vital areas particularly becomes
significant during pandemics, experiencing a new disease for which epidemiologic data
have not been accumulated rapidly, and the death rate is determined within a short time.
This is because knowledge about the effects of infectious diseases on body parts is directly
related to human lives and forms the gist of coping with unprecedented pandemics. For
example, at the beginning of the COVID-19 outbreak, many pediatric patients suffered due
to a lack of adaptation period to changes in surgical environments and methods [15]. In
addition, many people have experienced unexpected pains due to a lack of knowledge
about complications or organ damage caused by COVID-19.

In addition, as it takes time for the institution to embrace various effects of rapidly
developed knowledge, drastic progress in digital technology in terms of both development
and utilization could cause particular social interest in the process of taking advantage
of such benefits. This is a social phenomenon that is often accompanied by radically
innovative knowledge, and it is not uncommon. Therefore, researchers have recognized
the importance of understanding how institutional environments influence the progress of
medical research [16–19], but enough empirical evidence still has not been found. Hence,
we examined how various institutional factors moderate this relationship. We support
our arguments using digital competencies, publications, and diverse institutional data of
63 countries. Our conceptual framework is depicted in Figure 1.

Sustainability 2022, 14, x FOR PEER REVIEW 3 of 19 
 

 

Figure 1. Conceptual Framework. 

2. Hypotheses Development 
2.1. Digital Competency and Innovative Medical Research  

Recent medical research requires an integrated system consisting of diverse digital 
technologies. These technologies typically include the Internet of Things [20], big data 
analysis [21], AI [22], and blockchains [23]. These digital technologies comprise digital 
health systems in hospitals or clinics [1]. Clinical trials play a crucial role in medical re-
search by providing researchers with the basic knowledge and data to estimate causality 
when verifying the efficacy and safety of new therapies and devices as well as prevention 
and diagnosis [4]. However, conducting clinical trials efficiently is often challenging as 
inherent inefficiencies are embedded in each stage of procedure, including the identifica-
tion and recruitment of participants, data collection, and analysis of participants, which 
result in poor clinical trial participation rates. For instance, cancer-related clinical trials 
secure only 8% of cancer patients [24]. Furthermore, financial burden caused by the phys-
ical distance between the patient and hospital as well as complicated scheduling problems 
lower the participation rates in clinical trials [25]. However, the experiment environments 
for clinical research have improved quite slowly over the years, thereby keeping them 
demanding and expensive. However, employing digital technology provides a stepping 
stone for improving clinical trials both qualitatively and quantitatively. It allows various 
clinical trials to be virtually implemented [5] and improves the quality of clinical trials in 
two aspects.  

First, the adoption of digital technology contributes to the accuracy of clinical trials 
by making the key steps in clinical trials more reliable. According to Inan et al. (2020), 
digital clinical trials comprise three key steps: digital recruitment and retention, which is 
responsible for the participation and management of participants; digital data collection, 
comprising data mining and processing; and digital analytics, including data analysis and 
modeling. By utilizing digital technology, it is possible to increase the participation and 
communication levels of subjects through social media engagement and online consent. 
By using wearable and mobile sensing technologies, real-time data collection is possible, 
and various analyses and modeling are possible using AI. In other words, the digital clin-
ical trial removes various obstacles that act as constraints in the existing clinical trials, 
thereby enabling the qualitative improvement of the clinical trial itself while saving re-
sources.  

Figure 1. Conceptual Framework.



Sustainability 2022, 14, 16887 3 of 19

The remainder of this paper is organized as follows. First, we discuss how national
digital competencies impact the degree of innovation research in medicine, and conse-
quently, how this association is moderated by the government and business environments.
Second, drawing on data from multiple databases, we provide the results of an empirical
test. Third, we address the implications and contributions of this study.

2. Hypotheses Development
2.1. Digital Competency and Innovative Medical Research

Recent medical research requires an integrated system consisting of diverse digital
technologies. These technologies typically include the Internet of Things [20], big data
analysis [21], AI [22], and blockchains [23]. These digital technologies comprise digital
health systems in hospitals or clinics [1]. Clinical trials play a crucial role in medical
research by providing researchers with the basic knowledge and data to estimate causality
when verifying the efficacy and safety of new therapies and devices as well as prevention
and diagnosis [4]. However, conducting clinical trials efficiently is often challenging as
inherent inefficiencies are embedded in each stage of procedure, including the identification
and recruitment of participants, data collection, and analysis of participants, which result
in poor clinical trial participation rates. For instance, cancer-related clinical trials secure
only 8% of cancer patients [24]. Furthermore, financial burden caused by the physical
distance between the patient and hospital as well as complicated scheduling problems
lower the participation rates in clinical trials [25]. However, the experiment environments
for clinical research have improved quite slowly over the years, thereby keeping them
demanding and expensive. However, employing digital technology provides a stepping
stone for improving clinical trials both qualitatively and quantitatively. It allows various
clinical trials to be virtually implemented [5] and improves the quality of clinical trials in
two aspects.

First, the adoption of digital technology contributes to the accuracy of clinical trials
by making the key steps in clinical trials more reliable. According to Inan et al. (2020),
digital clinical trials comprise three key steps: digital recruitment and retention, which is
responsible for the participation and management of participants; digital data collection,
comprising data mining and processing; and digital analytics, including data analysis and
modeling. By utilizing digital technology, it is possible to increase the participation and
communication levels of subjects through social media engagement and online consent. By
using wearable and mobile sensing technologies, real-time data collection is possible, and
various analyses and modeling are possible using AI. In other words, the digital clinical
trial removes various obstacles that act as constraints in the existing clinical trials, thereby
enabling the qualitative improvement of the clinical trial itself while saving resources.

The second aspect is medical education, which is an essential element for nurturing
highly qualified medical researchers, armed with rigorous knowledge. The level of medical
knowledge has a decisive influence on the ideas and conduction of clinical trials. However,
there is a gap between the education provided by medical institutions and the knowledge
required to conduct actual clinical trials [26]. In fact, it is difficult to practice all the
theoretically learned medical tests in real life. However, this limitation can be overcome by
using digital twin technology, as it can reproduce reality in a virtual space. Students can
learn medical knowledge and experience diverse medical situations based on repeatable
training such as a 3D surgery simulator using haptic technology. These increasing learning
opportunities can have a direct impact on the innovativeness of clinical trials. The study
of Chen et al. (2022) presented various application methods, such as medical education
training, health and behavior tracking, operation playback and reproduction, and medical
knowledge popularization, which can be useful when digital twin technology is used in
medical education.

In summation, digital technology dramatically improves the quality of clinical trials
and medical education that is critical to innovative medical research. Therefore, we propose
the following hypothesis:
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H1. National digital competency will have a positive impact on the innovativeness of medical research.

2.2. Moderating Effect of the Institutional Environment

The institutional environment significantly influences the strategic choices of the
various actors in both the private and public sectors [27–29]. North (1990) provides a
theoretical landscape of such changes, in which formal rules, structured incentives and
constraints form the institutional matrix. Although our baseline proposition suggests that
national digital competency will, in general, have a positive effect on innovative medical
research, we anticipate that these positive effects can be contingent upon the institutional
environment. In this context Salman et al. (2014) states that the quality of the public
system and management system are the two key elements that should be considered
when conducting medical research. Therefore, as investing in and conducting innovative
research is inherently uncertain and risky, an appropriate level of stability in regulatory
and economic systems is an inevitable environmental factor. In this study, we investigated
how government and economic environments moderate the association between national
digital competency and the innovativeness of medical research.

2.2.1. Government Environment: Quality of Administration and Legal System

In order for new knowledge to be used in a critical sector, such as medical re-
search, the institutions and social systems that enable a country to manage the utiliza-
tion of such knowledge, a stable market system, infrastructure, and high digital liter-
acy must also be in place [30–33]. According to the OCED—a consortium of advanced
countries—for digital technologies to be effectively utilized, the following must be avail-
able: infrastructure, public services, and data; effective use of digital data; data-driven
and digital innovation; and social institutions such as labor markets and trust in society
(https://goingdigital.oecd.org/dimensions, accessed on 11 October 2022). In other words,
it is important to have a variety of institutional supports that enable the effective and effi-
cient use of digital knowledge throughout society. Regarding legal and regulation aspects,
numerous studies have addressed the quality of the legal system as medical research is
closely and sensitively related to personal data, thus the need for ethical protocols, and
there remains a responsibility issue for experiments that can critically influence the stability
of society [16–19]. Therefore, we predict that countries with a high level of administrative
and legal systems will have a more effective utilization of digital technology for medical
research. Hence, we propose the following hypotheses:

H2a: The quality of the administrative system will positively moderate the association between
national digital competency and the innovativeness of medical research.

H2b: The quality of the legal system positively moderates the association between national digital
competency and the innovativeness of medical research.

2.2.2. Business Environment: Market Freedom and Disparity in Economic Development

Market freedom has been considered one of the major institutional environments [34,35].
Market freedom enhances the accessibility to resources [36] and reduces information asym-
metry between investors and research teams through improved monitoring systems [37]. It
also enables research teams to utilize their resources more [38] and make more explorative
projects feasible options.

However, if a nation has an unevenly developed economy, a certain area may suffer
from low accessibility to medical facilities and information due to the lack of basic digital
infrastructure, such as the internet or network, or medical facilities [33,39]. As these areas
have limited access to basic medical information, along with low participation rates in
clinical trials, they lack the chance to experience improved medical knowledge ([40,41].
Digital technologies such as IoT, AI, and blockchain are applied technologies that can only

https://goingdigital.oecd.org/dimensions
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be operated if basic infrastructure and devices such as computer hardware and wireless
networks are available.

Further, vulnerable socioeconomic environments lead to low information utilization
problems [6,42,43]. Even if the focal region has an adequate level of technological infrastruc-
ture that enables people to have high accessibility to information or participate in various
clinical trials, limitations in time owing to low income, physical disability, and limited
public service due to racial discrimination may reduce the chances of enjoying the benefits
of using digital technologies. For example, during the COVID-19 pandemic, low-income
residents even in New York City suffered significantly owing to serious health inequalities
because of an uneven chance to utilize digital technology [43]

Furthermore, given that digital technology is closely related to cutting-edge knowl-
edge, consistent investment is required in its development, diffusion, and market develop-
ment. In fact, economic level has been cited as a source of various digital disparities, as
well as healthcare, and this is clearly observed in the digital health market [42]. A region’s
economic level is an important factor influencing the stable development of digital technol-
ogy as well as market formation. If the growth of the digital health market is difficult, the
need for medical research to support it will also decrease. Combining all the discussions
presented above, we postulate the following two propositions:

H3a: The degree of market freedom will positively moderate the association between national digital
competency and the innovativeness of medical research.

H3b: The degree of disparity in economic development will negatively moderate the association
between national digital competency and the innovativeness of medical research.

3. Methods

Using 62 national-level panel data, we investigate the effect of national digital com-
petency on the innovativeness of medical research and how government and business
environmental factors moderate that relationship.

3.1. Data and Sample

For empirical analysis, we utilize multiple databases. Regarding national digital
competency (NDC), we draw the data from the World Digital Competency data provided
by the International Institute for Management Development (IMD), which is a top-tier
global research institute in Switzerland. Since the late 1980s, the IMD’s annual report
on national competency based on relevant proxies has been widely acknowledged by
researchers in various disciplines [44–46].

To estimate the innovativeness of medical research, we use the data from the Journal
and the Country Rank database offered by SCImago, which is an established data-mining
and visualization group in Spain that provides a wide range of bibliometric data including
journals and citations. The data of SCImago has demonstrated reliability in bibliometric
research including top-tier medicine journals, such as Nature and Lancet [47,48]. We ob-
tained the raw numerical values of published medical documents and citation data for each
nation and constructed the dependent variable. For control variables, drawing on multiple
databases, we collected nation-level data on innovation index health infrastructure, political
rights index, globalization index, services sector value-adding, gross domestic product
(GDP), government protectionism, science research legislation, and innovation index. We
offer the details of these variables in the next section.

The final sample of our study comprises 63 countries with 341 nation-year observations
between 2015 and 2020. The list of sample countries is shown in Table 1. In total, there are
33 countries from Europe, 8 countries from South America, 2 countries from North America,
14 countries from Asia and the Pacific, 5 countries from Middle East, and 1 country from
Africa. Our sample include a wide range of countries, including both advanced economies
and catching-up economies. We used 2015 as the starting year because interest in digital
health has drastically increased based on the emergence of digital transformation, as



Sustainability 2022, 14, 16887 6 of 19

illustrated in Figure 1. We use 2020 as the cutoff year as forward citation information
generally suffer from the truncation issue [49].

Table 1. The 63 countries by regional classification.

Europe (33) America (10) Asia and Pacific (14)

Austria Lithuania Argentina China
Belgium Luxembourg Australia Hong Kong
Bulgaria Netherlands Brazil India
Croatia Norway Canada Indonesia
Cyprus Poland Chile Japan
Czechia. Portugal Colombia Kazakhstan
Denmark Romania Mexico Malaysia
Estonia Russia Peru Mongolia
Finland Slovakia USA New Zealand
France Slovenia Venezuela Philippines

Germany Spain Middle East (5) Singapore
Greece Sweden Israel South Korea

Hungary Switzerland Jordan Taiwan
Iceland Turkey Qatar Thailand
Ireland Ukraine Saudi Arabia Africa (1)

Italy United Kingdom UAE South Africa
Latvia

3.2. Variable Descriptions

Dependent variable. To estimate our dependent variable, the innovativeness of medical
research, we use the number of forward citations per document published in the fields
of Surgery, Pediatrics, Perinatology and Child Health, Obstetrics and Gynecology, and
Internal Medicine based on the Journal and Country Rank from the Scimago database.
Many researchers address that highly cited research is highly likely to be conducted based
on combinations of a broad range of knowledge domains that provide an explorative
perspective to researchers and enable them to avoids intellectual lock [50]. Similarly,
combinative knowledge from exploratory search can produce more innovative scientific
research that ultimately becomes highly cited [51,52]. Therefore, the number of forward
citations has been widely acknowledged and employed as a proxy for the innovativeness
of research in prior studies [53–55].

We first calculate the total number of published and citable documents in each of the
vital areas in medicine and the total number of forward citations that those documents
received. Both numbers are aggregated at the nation level. Then, consistent with previous
literature, we estimate medical research performance as:

Innovativeness of Medical Research i,t,c =
Total forward citations i,t,c

Citatable documenti,t,c

where citable document i,t,c represents the number of citable documents published by
country i in medical field c at the time of year t. Total forward citations i,t,c represents
the number of forward citations (the document receives after published) of the focal
citable document.

Independent variable. National digital competency (NDC) is measured based on the
digital competency ranking data from the IMD World Competency Yearbook, which offers a
comprehensive estimation of the digital and technological level of each nation country by
combining statistical and survey data.

Moderating Variables. We draw institutional data from the Global Economy database.
The quality of the administration system is measured as Government effectiveness index
from the Global Economy Database. This measure captures the quality of public services,
the quality of the civil service and the degree of its independence from political pressures,
the quality of policy formulation and implementation, and the credibility of the govern-
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ment’s commitment to such policies. Regarding the quality of the legal system, we employ
the rule of law index from the same database. This indicator captures perceptions of the
extent to which agents have confidence in and abide by the rules of society, the quality of
contract enforcement, property rights, the police, and the courts, as well as the likelihood of
crime and violence. To capture the quality of market freedom, we use the business freedom
index from the Global Economy database constructing this measure based on the World
Bank’s Doing Business study. Lastly, the disparity of economic development is measured
as the uneven economic development index from the Global Economy database.

Control Variables. The research can be affected by the overall innovation environ-
ment. Therefore, we used the innovation index of a nation from the Global Economy
database. The Global Economy database measured the innovation index (country level)
using data from Cornell University, INSEAD, and the World Intellectual Property Organi-
zation, which provide an innovation index that comprehensively captures each country’s
quality of institutions, human capital and research, infrastructure, and market and busi-
ness sophistication. We use the World Bank’s gross domestic product (GDP) data as our
control variable. Economic level has been cited as an indicator of digital technologies in
healthcare [42]. We also controlled for policy instruments that might have influenced the
quality and application of the research. Based on the IMD National Competitiveness Data,
we controlled for the nations’ government protectionism and scientific research legislation
(laws relating to scientific research encourage innovation). The IMD also offers the measure
of health infrastructure, the degree to which it meets the social needs of the focal society, of
each nation. We also control the degree of globalization that may facilitate the innovative
research in medicine and political rights index that can potentially influence the credibility
of governmental policy. We also control for the portion of the services sector that can
affect the business activities in the healthcare industry. Appendix A provides detailed
information for variable descriptions regarding measurement and source.

3.3. Models

Using unbalanced panel data, we employed a fixed-effect regression model to investi-
gate the effect of national digital competency on the innovativeness of medical research
in vital areas and moderating effects delivered by various environmental factors. To con-
trol unobserved heterogeneity, we employed a fixed-effects regression model instead of a
random-effects model based on the Hausman test [56]. We considered the time lag (two
years) between the dependent and independent variables with consideration because the
bibliometric information (documents and citations) includes the past two years.

(1) IMR1 (S, P, O, I) i,t+2 = α0i + α1Natioanl digital competency (NDC) i,t +. α2Controls i,t + ei,t
(2) IMR 1 (S, P, O, I) i,t+3 = β0i + β1Natioanl digital competency (NDC) i,t +. β2Natioanl

digital competency (NDC) x Institutional environment factors B3Controls i,t + ei,t

where α0i represents country fixed effects and ei,t is the random error. IMR (S), IMR
(P), IMR (O), and IMR (I) refer to the innovativeness of medical research in Surgery, Pediatrics,
Perinatology and Child Health, Obstetrics and Gynecology, and Internal Medicine, respectively.

4. Results

Tables 2 and 3 present the descriptive statistics and correlation matrices, respectively.
Considering space limitations, we used an abbreviated name of each variable for the
correlation matrix. The summary statistics indicated that national digital competency
(NDC) was positively correlated with forward citations per document in all vital fields,
including Surgery (ρ = 0.30, p < 0.05), Pediatrics, Perinatology, Child Health (ρ = 0.21,
p < 0.05), Obstetrics and Gynecology (ρ = 0.20, p < 0.5), and Internal Medicine (ρ = 0.30,
p < 0.05). The relatively high correlation among dependent variables could be attributed to
their academic relatedness. However, no dependent variable is used in the same regression
equation, and hence, multicollinearity was not a major concern in analyses.
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Table 2. Descriptive statistics.

Variables Description Abbreviation Mean S.D. Min Max

Innovativeness of Research in Surgery IRS 6.81 5.88 0.10 57.17
Innovativeness of Research in Pediatrics, Perinatology and Child Health IRP 6.74 6.02 0.25 43.33
Innovativeness of Research in Obstetrics and Gynecology IRO 7.96 7.19 0.00 39.25
Innovativeness of Research in Internal Medicine IRI 11.62 9.81 0.32 63.60
National digital competency NDC 7.30 0.97 4.67 9.47
Quality of administration system QAS 0.91 0.74 −1.17 2.23
Quality of legal system QLS 0.81 0.89 −1.91 2.12
Market freedom MF 76.08 12.50 37.00 100.0
Disparity of economic development DED 4.18 1.80 0.70 8.10
Innovation index II 46.69 9.86 25.70 68.40
Political rights index PRI 2.12 1.72 1.00 7.00
Globalization index GI 78.68 8.29 53.21 91.31
Services sector value-adding SBA 60.72 8.49 30.32 88.70
Gross domestic product a GDP 5.90 1.50 2.48 9.93
Science research legislation SRP 5.37 1.58 1.81 8.43
Health infrastructure HI 5.83 2.02 0.86 9.25

N = 341; a logarithm

Table 3. Correlation.

IRS IRP IRO IRI DC QAS QLS MF

IRS 1.00
IRP 0.68 1.00
IRO 0.72 0.61 1.00
IRI 0.73 0.72 0.68 1.00
DC 0.30 0.21 0.20 0.30 1.00

QAS 0.21 0.16 0.09 0.26 0.58 1.00
QLS 0.21 0.18 0.11 0.28 0.54 0.96 1.00
MF 0.25 0.22 0.19 0.31 0.39 0.75 0.75 1.00

DED −0.10 −0.02 −0.04 −0.10 −0.39 −0.74 −0.77 −0.60
II 0.22 0.16 0.12 0.25 0.51 0.89 0.88 0.69

PRI −0.16 −0.14 −0.10 −0.16 −0.17 −0.41 −0.51 −0.30
GI 0.16 0.12 0.13 0.20 0.37 0.74 0.79 0.59

SBA 0.09 0.06 0.03 0.12 0.32 0.59 0.59 0.50
GDP −0.15 −0.14 −0.20 −0.11 0.12 0.19 0.12 0.06
SRP 0.11 0.08 0.00 0.17 0.57 0.80 0.76 0.59
HI 0.10 0.07 0.02 0.16 0.50 0.80 0.74 0.56

DED II PRI GI SBA GDP SRP HI

UED 1.00
II −0.70 1.00

PRI 0.46 −0.46 1.00
GI −0.74 0.76 −0.57 1.00

SBA −0.47 0.62 −0.42 0.54 1.00
GDP 0.02 0.28 0.04 0.05 0.16 1.00
SRP −0.49 0.76 −0.09 0.50 0.46 0.32 1.00
HI −0.62 0.70 −0.17 0.59 0.47 0.29 0.73 1.00

All correlations with magnitude > |0.1| are significant at the 0.05 level.

Table 4 demonstrate the results of the main effect. Hypothesis 1 predicts that NDC
will have a positive impact on the innovativeness of medical research in the field of the
vital area. In Table 4, there are positive coefficients of Model 1 (β = 3.664, p < 0.001), Model
3 (β = 3.826, p < 0.01), Model 5 (β = 3.403, p < 0.05), and Model 7 (β = 5.148, p < 0.01),
providing support for Hypothesis 1 with the baseline regression model. These results
indicate that a national digital capability positively influences research performance in vital
areas. These results are held after employing full model regression in Model 2 (β = 2.449,
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p < 0.05), Model 4 (β = 2.606, p < 0.05), Model 6 (β = 1.841, p < 0.05), and Model 8 (β = 3.251,
p < 0.01).

Table 4. Fixed-Effect Regression of National Digital Competency (NDC) on Innovativeness of Medical
Research Vital Performance.

Variables
Surgery Pediatrics, Perinatology

and Child Health
Obstetrics and

Gynecology Internal Medicine

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

NDC 3.664 *** 2.449 *** 3.826 *** 2.606 *** 3.403 *** 1.841 * 5.148 *** 3.251 **
(0.674) (0.646) (0.695) (0.684) (0.808) (0.794) (1.118) (1.104)

II 0.500* 0.671 ** 0.410 0.886 *
(0.213) (0.225) (0.261) (0.363)

PRI 0.282 1.228 −1.085 −0.230
(1.207) (1.278) (1.484) (2.061)

GI −2.043 *** −1.466 *** −2.007 *** −1.874 ***
(0.329) (0.348) (0.404) (0.561)

SBA −0.410 * −0.634 ** −0.667 *** −0.971 ***
(0.161) (0.170) (0.198) (0.275)

GDP −13.63 *** −10.44 *** −14.96 *** −23.63 ***
(3.163) (3.350) (3.889) (5.403)

SRP −3.006 *** −2.853 *** −3.464 *** −4.958 ***
(0.786) (0.833) (0.967) (1.343)

HI 0.868 2.512 *** 2.033 ** 2.662 *
(0.627) (0.664) (0.771) (1.071)

R2 0.091 0.003 0.046 0.008 0.041 0.01 0.087 0.005
F 29.57 15.09 30.28 12.67 17.76 10.83 21.22 11.00
N 341 341 341 341 341 341 341 341

* p < 0.05, ** p < 0.01, *** p < 0.001.

Next, we shift our attention to investigate how the main effect is moderated by various
institutional variables. Hypothesis 2a posits that the quality of administration will enhance
the positive impact of NDC on innovativeness of medical research. In Table 5, the positive
coefficients of Model 2 (β = 3.052, p < 0.001), Model 4 (β = 2.531, p < 0.01), Model 6 (β = 3.359,
p < 0.01), and Model 8 (β = 5.482, p < 0.001) provide support for Hypothesis 2a. Figure 2
provides a plot to understand these results. The plot indicates that the impact of national
digital competency (NDC) on the innovativeness of medical research is contingent on the
quality of the administration system.

Table 5. Fixed-Effect Regression for Moderating Effect: Quality of Administration System (QAS).

Variables
Surgery Pediatrics, Perinatology

and Child Health
Obstetrics and

Gynecology Internal Medicine

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

NDC 2.447 *** −0.188 2.532 *** 0.346 1.813 * −1.086 3.158 ** −1.575
(0.649) (0.984) (0.684) (1.047) (0.797) (1.216) (1.105) (1.673)

QAS 0.144 −22.8 *** 4.465 −14.61 + 1.698 −23.60 ** 5.591 −35.71 **
(2.732) (7.085) (2.882) (7.537) (3.359) (8.748) (4.655) (12.04)

NDC × QAS 3.052 *** 2.531 ** 3.358 ** 5.482 ***
(0.871) (0.926) (1.075) (1.480)

Controls YES YES YES YES YES YES YES YES
R2 0.31 0.337 0.277 0.297 0.242 0.268 0.248 0.284
F 9.95 13.76 11.59 11.42 9.63 9.92 9.95 10.75
N 341 341 341 341 341 341 341 341

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Hypothesis 2b predicts that quality of the legal system will strengthen the positive
effect of NDC on the innovativeness of medical research. In Table 6, the positive coefficients
of Model 2 (β = 2.661, p < 0.001), Model 4 (β = 1.668, p < 0.05), Model 6 (β = 2.641, p < 0.00),
and Model 8 (β = 4.720, p < 0.001) offer support for Hypothesis 2b. To aid in understanding
these results, we plotted the interaction effects in Figure 3. The slope of the high admin-
istration system quality line changes steeply over the high vs. low NDC in the areas of
Surgery (IRS) and Obstetrics and Gynecology (IRO), which are more strongly moderated
than the others.

Table 6. Fixed-Effect Regression for Moderating Effect: Quality of Legal System (QLS).

Variables
Surgery Pediatrics, Perinatology

and Child Health
Obstetrics and

Gynecology Internal Medicine

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

NDC 2.277 *** −0.007 2.335 *** 0.902 1.491 + −0.776 2.704 ** −1.356
(0.646) (0.900) (0.676) (0.957) (0.781) (1.098) (1.078) (1.498)

QLS 7.013 * −12.23 * 11.06 *** −0.999 14.29 *** −4.803 22.30 *** −11.89
(3.131) (6.208) (3.279) (6.599) (3.788) (7.568) (5.226) (10.32)

NDC × QLS 2.661 *** 1.668 * 2.641 ** 4.729 ***
(0.746) (0.794) (0.910) (1.242)

Controls YES YES YES YES YES YES YES YES
(0.622) (0.610) (0.652) (0.649) (0.753) (0.744) (1.039) (1.016)

R2 0.319 0.349 0.300 0.311 0.278 0.300 0.291 0.327
F 14.17 14.57 12.95 12.25 11.68 11.64 12.42 13.18
N 341 341 341 341 341 341 341 341

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Hypothesis 3a postulates that market freedom will augment the positive impact of
NDC on the innovativeness of medical research. In Table 7, the positive coefficients of
Model 2 (β = 0.089, p < 0.05), Model 4 (β = 0.095, p < 0.05), Model 6 (β = 0.101, p < 0.05),
and Model 8 (β = 0.218, p < 0.01) provide support for Hypothesis 3a. Figure 4 offers a plot
to understand these results, and the slope of the high market freedom line increases steeply
over the high vs. low NDC in the area of Internal Medicine (IRI) compared with the others.

Table 7. Fixed-Effect Regression for Moderating Effect: Market Freedom (MF).

Variables
Surgery Pediatrics, Perinatology

and Child Health
Obstetrics and

Gynecology Internal Medicine

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

NDC 2.170 *** −4.357 2.309 *** −4.704 1.491 + −5.960 2.647 * −13.32 *
(0.631) (3.151) (0.668) (3.336) 0.774 *** (3.874) 1.056 (5.228)

MF 0.365 *** −0.312 0.38 *** −0.339 0.458 −0.315 0.789 *** −0.868
(0.087) (0.332) (0.093) (0.352) 0.107 (0.408) 0.146 (0.551)

NDC × MF 0.089 * 0.095 * 0.101 * 0.218 **
(0.042) (0.045) (0.052) (0.070)

Controls YES YES YES YES YES YES YES YES
R2 0.005 0.007 0.013 0.016 0.018 0.02 0.011 0.015
F 16.16 15.18 13.90 13.14 12.26 11.53 14.01 13.98
N 341 341 341 341 341 341 341 341

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Hypothesis 3b anticipates that disparity in the economic development system will
diminish the positive effect of NDC on the innovativeness of medical research. In Table 8,
the negative coefficients of Model 2 (β = −0.702, p < 0.05) and Model 8 (β = −1.274, p < 0.01)
offer partial support for Hypothesis 3b. To help in understanding these results, we plotted
the interaction effects in Figure 5.

Table 8. Fixed-Effect Regression for Moderating Effect: Disparity of Economic Development (DED).

Variables
Surgery Pediatrics, Perinatology

and Child Health
Obstetrics and

Gynecology Internal Medicine

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

NDC 1.259 ** 4.112 ** 1.312 * 2.631 + 0.243 2.446 1.537 6.713 **
(0.564) (1.330) (0.593) (1.411) (0.672) (1.595) (1.017) (2.400)

DED QAS 7.721 *** 12.55 *** 8.345 *** 10.57 *** 10.24 *** 13.97 *** 11.05 *** 19.81 ***
(0.758) (2.176) (0.798) (2.309) (0.904) (2.611) (1.368) (3.928)

NDC × DED −0.702 * −0.324 −0.542 −1.274 **
(0.297) (0.315) (0.356) (0.536)

Controls YES YES YES YES YES YES YES YES
R2 0.004 0.0026 0.0003 0.0001 0.0002 0.0001 0.0001 0.0002
F 30.04 28.05 27.88 25.20 28.33 25.86 19.30 18.23
N 339 339 339 339 339 339 339 339

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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5. Discussion and Conclusions
5.1. Summary and Implications

As seen in the COVID-19 crisis, the development and utilization of digital technologies
in medicine is becoming a global issue, not just a matter of individual hospitals or com-
panies. However, while the usage of digital technologies for medical purposes has been
studied in various fields including medicine, engineering, and business, the predominant
interests of existing studies have been the quality of medical services, data management,
and interests of individual institutions in the ecosystem, with micro-level perspectives. The
main purpose of our study is to expand interest in digital competency and medical research
to the national-level perspective.

Accelerated by the COVID-19 pandemic, the development of digital technology has
provided significant benefits. Our study used data from 63 nations to demonstrate that
digital competency positively impacts the innovativeness of medical research in vital areas:
Surgery, Pediatrics, Perinatology, Child Health, Obstetrics and Gynecology, and Internal
Medicine, and we discuss how this association varies in different institutional environments.
This is an important finding for medical research because producing innovative results is
critical to the sustainable progress of the field. In addition, our analysis provides several
insights into the use of digital technologies for medical research, which is meaningful to
researchers, practitioners, and policymakers.

First, while we find a positive association between digital competency and innova-
tiveness in medical research, the benefit of digital competency is notably contingent upon
different types of institutional environments. The institutional environment likely modu-
lates the positive impact of digital competency on the innovativeness of medical research.
While the quality of administration, legal system, and market liberalization strengthen
the main effect, the disparity in economic development alleviates the positive impact of
digital competency. When a new technology brings about a macro-level socioeconomic
change, how much and in what direction it is affected by institutional influence is a sig-
nificant concern for innovation and institutional perspectives. As innovative medical
research is an important criterion for determining digital health systems, it has received
many institutional benefits or constraints. Our study provides a more detailed picture
of the important institutional factors in medical research by suggesting two dimensions
of the institutional environment—the government’s executive capacity and the economic
system—and their impact.

Second, despite explicit benefits, the rapid adoption of new technologies may result
in unintended or unexpected side effects. For example, economic inequality within the
same country significantly reduces the positive impact of digital capabilities. This is
because it implies the development and a distribution gap. In other words, although
digital technology can facilitate the development of medical research, the benefits are not
evenly distributed across people or regions. Consequently, many researchers focus on
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health inequality arising from the increased use of digital technology in medicine [3,39].
In other words, although the medical benefits significantly increase with digital tech-
nology for individuals (or groups) with the accessibility and ability to utilize such
technology, for the remaining individuals (or groups), this change may leave them
far behind where they are less likely to leverage these benefits. Hence, future studies
can recognize this health inequality and develop digital health technologies to solve
social problems.

The third important implication is for policymakers and institutions. Our findings
support the most vital areas of medicine, but different results were obtained for some
regions. For example, Pediatrics, Perinatology, Child Health, Obstetrics and Gynecology are
unaffected by economic disparities. This could mean the system weakly affects children’s
health or important health issues such as cancer. Therefore, these blind spots should be
carefully considered when designing a system.

As seen during the COVID-19 pandemic, if a global infectious disease such as a
pandemic re-emerges, ultimately, the collective intelligence through research collaboration
can make an effective global response the key to cope with the crisis. Countries that
adhere to closed systems may be able to keep their distance from some issues that can be
potentially problematic, but they will be excluded from many of the great benefits that
those collaborations will bring. To make those collaborations effective and efficient, in-
depth understanding of the digital competency and institutional environment of individual
countries must be a precedent. Our study empirically demonstrates that digital competency
is conducive to the innovativeness of medical research at the country level. However,
sophisticated design for the institutional environment must be concurrently considered to
maximize its positive impact.

5.2. Limitations and Suggestions for Future Research

Our study has several limitations. Although it measured the innovativeness of med-
ical research using established measures, due to the intrinsic characteristics of medicine,
experimentations, services, and practices are critical to realizing the innovativeness of new
knowledge. There can be limitations in accurately reflecting the degree of innovativeness
using a document-based measure. Future research could conduct an in-depth analysis to
investigate how innovative publications are utilized in digital health systems.

The scope of the medical research used in this study can be extended. Although this is
important because of its direct linkage to mortality, recent medical services and practices
require extensive cooperation within medicine, such as anesthesiology or radiology, and
across other fields, such as material and biomedical engineering. Hence, further studies
should be conducted using more comprehensive data. In addition, while we use the
simple slope analysis to depict our moderating effects due to the methodological limitation,
future study can employ more sophisticate analysis techniques to investigate the detailed
mechanisms of moderating effects.
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Appendix A. Variable Description and Summary

Variable Name Measurement Database

Dependent variables

Innovativeness of Research
in Surgery

• The ratio of the total number of published and citable
documents in the focal country for each of vital areas in
medicine to total number of forward citations that those
documents received.

• Reference: https://www.scimagojr.com/, (accessed on
11 October 2022).

Journal and Country
Rank from Scimago

Innovativeness of Research in
Pediatrics, Perinatology and
Child Health

Innovativeness of Research in
Obstetrics and Gynecology

Innovativeness of Research in
Internal Medicine

Independent variable

National digital capacity

• Comprehensive estimation of the digital and technological level
of each country based on a combination of statistical and survey
data (IMD website description)

• Measure: point (0–10)
• Reference:

https://www.imd.org/centers/world-competitiveness-
center/rankings/world-digital-competitiveness/, (accessed on
11 October 2022)

International Institute
for Management
Development (IMD)
Digital Competitiveness

Moderating variables

Quality of administration
system

• The index of government effectiveness captures perceptions of
the quality of public services, the quality of the civil service and
the degree of its independence from political pressures, the
quality of policy formulation and implementation, and the
credibility of the government’s commitment to such policies
(GED website description)

• Measure: point (−2.5 to +2.5)
• Raw data source: The World Bank
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Global Economy
Database (GED)

Quality of legal system

• The index for Rule of Law of GED. It captures perceptions of the
extent to which agents have confidence in and abide by the rules
of society, and in particular the quality of contract enforcement,
property rights, the police, and the courts (GED
website description)

• Measure: point (−2.5 to +2.5)
• Raw data source: The World Bank
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Market freedom

• The business freedom index of GED. It is based on 10 indicators,
using data from the World Bank’s Doing Business study:
Starting a business—procedures (number), time (days), cost (%
of income per capita), and minimum capital (% of income per
capita); Obtaining a license—procedures (number), time (days),
and cost (% of income per capita); Closing a business—time
(years), cost (% of estate), and recovery rate (cents on the dollar).
(GED website description)

• Measure: point (0–100)
• Raw data source: The Heritage Foundation
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

https://www.scimagojr.com/
https://www.imd.org/centers/world-competitiveness-center/rankings/world-digital-competitiveness/
https://www.imd.org/centers/world-competitiveness-center/rankings/world-digital-competitiveness/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
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Variable Name Measurement Database

Disparity of economic
development

• The uneven economic development index of the GED. It
considers inequality within the economy, irrespective of the
actual performance of an economy. The higher the value of the
index, the higher the inequality in the country’s economy (GED
website description)

• Measure: point (0–10)
• Raw data source: Fund for Peace
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Control variables

Innovation index

• The Global Innovation Index includes two sub-indices: the
Innovation Input Sub-Index and the Innovation Output
Sub-Index. The first sub-index is based on five pillars:
Institutions, Human capital and research, Infrastructure, Market
sophistication, and Business sophistication. The second
sub-index is based on two pillars: Knowledge and technology
outputs and Creative outputs. Each pillar is divided into
sub-pillars and each sub-pillar is composed of individual
indicators (GED website description)

• Measure: point (0–100)
• Raw data source: Cornell University, INSEAD, and the World

Intellectual Property Organization (WIPO)
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Global Economy
Database (GED)

Political rights index

• Reference: https://www.theglobaleconomy.com/, (accessed on
11 October 2022)

• Score ratings from the Freedom House evaluate three categories:
electoral process, political pluralism and participation, and the
functioning of government indicators (GED
website description).

• Measure: point (1–7)
• Raw data source: The Freedom House
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Globalization index

• Globalization index of GED. It covers the economic, social, and
political dimensions of globalization. Higher values denote
greater globalization.

• Measure: point (0–100)
• Raw data source: The Swiss Institute of Technology
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

Services sector value-adding

• Services correspond to International Standard Industrial
Classification (ISIC) divisions 50–99. Value added is the net
output of a sector after adding up all outputs and subtracting
intermediate inputs. It is calculated without making deductions
for the depreciation of fabricated assets or depletion and
degradation of natural resources (GED website description)

• Measure: percent
• Raw data source: The World Bank
• Reference: https://www.theglobaleconomy.com/, (accessed on

11 October 2022)

https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
https://www.theglobaleconomy.com/
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Variable Name Measurement Database

Gross domestic product

• Standard measure of the value added created through the
production of goods and services in a country during a
certain period

• Reference: https://data.worldbank.org/, (accessed on
11 October 2022)

Science research legislation

• Science research legislation indicator (to facilitate innovation) of
IMD national competitiveness It is based on a comprehensive
estimation of various factors of each country based on a
combination of statistical and survey data

• Reference: https://www.imd.org/centers/world-
competitiveness-center/rankings/world-competitiveness/,
(accessed on 11 October 2022) IMD national

competitiveness

Health infrastructure

• Health infrastructure indicator of IMD national competitiveness.
It is based on a comprehensive estimation of various factors of
each country based on a combination of statistical and
survey data

• Reference: https://www.imd.org/centers/world-
competitiveness-center/rankings/world-competitiveness/,
(accessed on 11 October 2022)
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