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The motivation for this research was the desire to disclose the potential for human
potential development that is created by Industry 4.0. The goal of this paper is to
study the modern international experience and prospects for implementing the social
investment model of economic growth under the conditions of Industry 4.0 with the
help of the development of digital education. The method of regression analysis is used
to model the econometric dependence of human development on digital education
in 2019-2021. The paper's contribution to the literature consists in the development
of scientific provisions of the concept of the social investment model of economic
growth through reconsidering the approach to human potential development
with the help of education under the conditions of Industry 4.0. Unlike the existing
approach, which implies the foundation on traditional (pre-digital) education, this
paper offers a new approach to human potential development under the conditions
of Industry 4.0, which is based on digital education. The advantage of the authors’
approach is its allowing for the fullest use of new opportunities that open under the
conditions of Industry 4.0. The main conclusion of this research is that under the
conditions of Industry 4.0, the social investment model of economic growth should
be based on digital education. The theoretical significance of the results obtained
lies in their allowing reconsidering the role of education in the implementation of
the social investment model of economic growth under the conditions of Industry
4.0. It is proved that this role is performed most successfully with the help of digital
education. The practical significance of the conclusions is due to the fact that
implementation of the authors’ recommendations will allow balancing the level of
human development in the countries of distinguished categories: countries with the
highest Gross Domestic Product (GDP) growth rate; countries with the highest level
of human development; countries with the most developed digital education. The
social significance of the paper consists in its support for the practical implementation
of SDG 4, SDG 8, and SDG 10.

digital education, digital personnel, social investment model, Gross Domestic Product
(GDP) growth, Industry 4.0

1. Introduction

In the context of the “knowledge economy;” the concept of a social investment model of
Gross Domestic Product (GDP) growth has gained wide popularity. According to this concept,
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GDP growth is based on human development, since human resources
are the central factor of production, acting as a source of social
(labour), information (knowledge) and intellectual (technology)
capital. In the context of Industry 4.0, the social investment model of
GDP growth is supported in the national programmes of technological
modernization of most countries of the world. This is reflected in the
adopted and implemented initiatives for training digital personnel for
high-tech sectors of the economy, in which digital education plays a
central role (Vinnikova et al., 2021; Zhang, 2021).

There are three central ideas in the social investment model: (1)
educate a labour force so that it is ready for new jobs in the knowledge
economy; (2) raise employment levels through providing specific
support (child-care/kindergartens, etc.); (3) promote a living wage. All
these three ideas are supported and developed under the conditions
of Industry 4.0. Whilst Industry 4.0 involves the dissemination and
active use of disruptive technologies, artificial intelligence (AI) and
greater automation, it also created new opportunities for human
potential development.

The advantages of transition to Industry 4.0 for human potential
development include the creation of new knowledge-intensive, highly
efficient and highly paid jobs, as well as additional opportunities for
the development of talents and the manifestation of innovative activity
by company employees in Industry 4.0. The key role in ensuring these
advantages belongs to education. Leading technologies provide
opportunities for the formation of digital education, which is treated
as the use of digital technologies and automation tools (from the
Internet to virtual and augmented reality and robots) in the process of
training, development of digital competencies with students (training
of digital personnel) and the active development of new—remote—
form of education (Lacka et al., 2021; Qureshi et al., 2021; Sayaf et al.,
2021; Secundo et al., 2021; Zawacki-Richter, 2021).

Here it is important to take into account the experience of
developing countries that demonstrate the fastest rates of GDP growth
(Zhang, 2021). For example, Eritrea, which demonstrated one of the
highest rates of GDP growth in 2019 (8.7%, the third place in the
world), according to the materials of the World Bank (2022), takes
182nd place in the ranking of human development (0.434), according
to UNDP (2022), and in the IMD (knowledge) Digital education
rating (2020), this country is not represented, which indicates a low
level of digital education development.

A bright example of high-tech GDP growth, one of the highest
rates of which in 2019 was demonstrated by China (6.1%), is the
reliance on Automation (Robotization) within a large-scale failure and
a decrease in the importance of human resources and sidelining it in
the system of production factors. For example, in terms of Digital/
Technological skills in 2020, China ranks the 12th, in terms of Total
Public Expenditure on education, 51st, and in terms of Robotization,
the Ist (World Robots Distribution) as reported by IMD (2022). This
indicates a pronounced predominance of Automation over digital
education as a source of GDP growth (Fan et al., 2021).

In this regard, the problem arises of determining whether in the
context of Industry 4.0 the social investment model of GDP growth is
implemented, and what role digital education plays in it. The above
examples show that, under the conditions of Industry 4.0, the social
investment model of economic growth becomes more popular and
effective, since knowledge-intensive and high-tech economic growth is
necessary and is achieved. The quick development of digital education,
which became popular around the world during the COVID-19

Frontiers in Education

10.3389/feduc.2023.1113922

pandemic, deserves special attention since it could be laid at the basis of
the successful realisation of the technocratic model of GDP growth.

The goal of this paper is to study the modern international
experience and prospects for implementing the social investment
model of economic growth under the conditions of Industry 4.0 with
the help of the development of digital education. The paper’s
originality is due to its reconsidering the role of education in the social
investment model of economic growth. We present a new proprietary
vision of this role under the conditions of Industry 4.0; in it, the
development of human potential is performed not with the help of not
traditional education but digital education.

2. Literature review

Digital education as a new form of delivery of educational services
is considered in the works of Speight (2017), Popkova and Zmiyak
(2019), Batool (2022), Blankson (2022), Fernandez-Sanchez et al.
(2022), and Suyo-Vega et al. (2022). The place of education, social
investment and human development in the system of sources of GDP
growth is determined in the works of Goyal and Sergi (2015), Ibrahim
(2018), Munir and Arshad (2018), Marquez-Ramos and Mourelle
(2019), Reyes and Useche (2019), Uddin and Sarntisart (2019), Anetor
(2020), Karambakuwa et al. (2020), and Tahir et al. (2020).

The conducted literature review showed that existing studies and
publications do not sufficiently take into account the latest experience
and the specifics of GDP growth in the context of Industry 4.0. The
social investment model of GDP growth is considered either at the
theoretical level of economic science or is based on the experience of
past years without taking into account the latest data that appeared in
the context of Industry 4.0. Digital education is considered apart from
GDP growth and therefore their relationship is poorly understood.

Thus, the uncertainty about the place of digital education in the
social investment model of GDP growth in the context of Industry 4.0 is
the study gap that this article aims to fill in. That is why an important
direction for further research of the social investment model of economic
growth is the clarification of the role of education in its implementation.
This leads to the following research question (RQ): What role does digital
education play in the implementation of the social investment model of
economic growth under the conditions of Industry 4.0?

The works of Algraini (2021), Grisolia et al. (2022), Guijarro-
Garvi et al. (2022), and Indrawati and Kuncoro (2021) state that the
social investment role of economic growth is based on education with
the preference for the traditional (pre-digital) practise. This position
is proved by the fact that an increase in human potential, which is a
source of economic growth, takes place through education (Bloom
etal,, 2021; Nouira and Saafi, 2022; Wang et al., 2022).

Digital education, which often implies the use of a remote form of
training, is criticised in the existing works of Maaravi and Heller
(2021), Rodriguez-Abitia et al. (2020), and Saltos-Rivas et al. (2021),
because it may reduce the quality of education. Contrary to this,
Gunathilaka et al. (2022), Kasimoglu et al. (2022), and Li et al. (2022)
note the important contribution of digital education to the support for
the normal functioning of the educational system under the conditions
of lockdowns that took place during the COVID-19 pandemic.

This demonstrates the large potential of digital education and is
the basis for offering the following hypothesis (H): digital education
plays an important role in the implementation of the social investment
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model of economic growth under the conditions of Industry 4.0. To
search for an answer to the set RQ and to test hypothesis H,
we perform the econometric modelling of the relationship between
digital education and human potential development and the
relationship  between human

potential development and

economic growth.

3. Materials and methodology

The methodological apparatus of the study is based on the method
of regression and correlation analysis. To test the developed
hypothesis, a sample of countries divided into the three categories,
highlighted by the authors of this study, was formed: countries with
the highest rate of GDP growth, according to the World Bank (2022)
rating, countries with the highest level of human development,
according to the UNDP (2022) rating, and countries with the most
advanced digital education, according to the IMD (2022) rating. The
values of the indicators, required to test the developed hypothesis, for
the countries of the sample are collected in Table 1.

We test the hypothesis by finding the regression dependence of
human development (z, according to the materials of UNDP, 2022) on
digital education (x, indicator “Knowledge” based on the materials of
IMD, 2022). The research model has the following form:

z=a+b*x. (1)

Hypothesis H is deemed proved if the regression coefficient at the
factor variable x is positive [b> 0 in the model (1)], which will prove a
positive contribution of digital education to the development of
human potential. The reliability of the econometric model is
determined with the help of the correlation coefficient, the F-test and
the t-test.

In addition to this, we determine the differences in the
contribution of human development (z, according to the UNDP, 2022)
to GDP growth (y, according to the World Bank, 2022). It is assumed
that this contribution will be different amongst the distinguished
categories of countries, which will be a sign of the differences in the
social investment model of economic growth. We build regression
curves to discover these differences. The logic of the research is clearly
shown in Figure 1.

Figure 1 shows that Industry 4.0 has a strong influence and
determines GDP growth at present. This forms a close connection
between economic growth and human development, and between
human development and digital education. In this regard, it becomes
necessary to embed digital education into a new model of GDP
growth by establishing a direct link between digital education and
GDP growth (eliminating the mediation of human development).

4. Results

To test the offered hypothesis using the data from Table 1,
we calculated the regression dependence of human development (z,
according to the materials of the UNDP, 2022) on digital education (x,
indicator “Knowledge” based on the materials of IMD, 2022). This
allowed specifying the research model (1) and obtaining the following
equation of simple linear regression:
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2=0.5582+0.0043 % x. ©)

The obtained regression equation shows that an increase in the
level of the development of digital education by 1 point leads to an
increase in the level of human development by 0.0043. The
demonstrated regularity is objective since it takes into account the
pre-pandemic experience (2019) and the experience of the COVID-19
pandemic (2020-2021) for the entire sample of countries. The
reliability of the econometric model (2) is tested in Table 2.

The results from Table 2 show that the level of human development
in the countries of the sample is by 79.44% explained by the influence
of digital education. Significance F equals 7.3¥*107"", therefore, model
(2) conforms to the highest level of significance 0.01 (it is the most
accurate, and the model’s error is minimal). At the set level of
significance, with 45 observations, table F equals 7.2636. Observed
F=73.5653—it exceeds table F; therefore, the F-test was passed.

The observed value of t-Stat for the factor variable equals 8.5770.
Similarly, it exceeds the table value (2.692 with 44 degrees of freedom).
Therefore, the t-test was also passed. The standard error of the
regression model is small, equalling 0.0590. The performed tests
confirmed the reliability of the econometric model (2) and proved the
hypothesis H: the regression coefficient at the factor variable x is
positive [b>0 in the model (2)], which is proof of the positive
contribution of digital education to the development of
human potential.

Based on model (1), we established that maximisation of the
level of the development of digital education (100 points) will allow
for almost complete realisation of human development potential,
due to which it will reach 0.99 (out of maximum possible 1). Due to
digital education, the level of human development in the
distinguished categories of countries will be balanced, which will
make a significant contribution to the reduction of their socio-
economic inequality.

In countries with the highest GDP growth rate, the level of human
development will grow by 32.35%, which will require an increase in
the level of the development of digital education by 94.64%. In
countries with the highest level of human development, the level of
human development will grow by 3.66%, which will require an
increase in the level of digital education development by 34.44%. In
countries with the most developed digital education, the level of
human development will grow by 5.52%, which will require an
increase in the level of digital education development by 19.21%.

In addition to this, based on the data from Table 1, we determined
the differences in the contribution of human development (z,
according to the UNDP, 2022) to GDP growth (y, according to the
World Bank, 2022; Figure 2).

Regression curves (Figure 2) demonstrate that the largest
contribution to economic growth is made by human development in
countries with the highest level of human development, where an
increase in the human development level by 0.1 leads to an acceleration
of the GDP growth rate by 16.547%. In countries with the most
developed digital education, an increase in the level of human
development by 0.1 leads to an acceleration of the GDP growth rate
by 3.5444%. In countries with the highest GDP growth rate, an
increase in the human development level by 0.1 accelerates the GDP
growth rate by 0.0574%. This additionally strengthens the evidence
base and scientific arguments in favour of the suggested hypothesis,

frontiersin.org


https://doi.org/10.3389/feduc.2023.1113922
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Yankovskaya et al. 10.3389/feduc.2023.1113922

TABLE 1 Statistics of digital education in the social investment model of Gross Domestic Product (GDP) growth in the context of Industry 4.0 in 2019—-
2021.

Category of Country GDP growth, Human development Knowledge (digital
countries annual % Index competitiveness index),
score 1-100
- - y z X
2019
Countries with the highest China 5.95 0.758 78.067
GDP growth rate Philippines 6.12 0.712 53.539
Mongolia 5.60 0.735 43.669
Indonesia 5.02 0.707 48.395
Russia 2.20 0.824 75.017
Countries with the highest Norway 0.75 0.954 80.333
level of human development | g\itseriand 1.14 0.946 90.850
Ireland 5.44 0.942 74.805
Germany 1.06 0.939 83.072
Australia 2.17 0.944 80.702
Countries with the most USA 2.29 0.920 90.998
developed digital education Singapore 1.10 0.935 90.503
Sweden 1.99 0.937 89.727
Canada 1.88 0.922 87.849
Denmark 1.49 0.930 85.987
2020
Countries with the highest China 2.24 0.761 85.105
GDP growth rate Philippines —9.52 0.718 42.557
Mongolia —4.56 0.737 44.127
Indonesia -2.07 0.718 41.260
Russia —2.66 0.824 67.891
Countries with the highest Norway -0.72 0.957 78.196
level of human development | g\yitzerfand -238 0.955 89.770
Ireland 6.18 0.955 68.812
Germany -3.70 0.947 81.028
Australia —0.05 0.944 77.848
Countries with the most USA -2.77 0.926 97.922
developed digital education Singapore _4.14 0.938 92.031
Sweden —-2.17 0.945 89.199
Canada —5.23 0.929 88.825
Denmark -1.99 0.940 86.145
2021
Countries with the highest China 8.11 0.768 82.500
GDP growth rate Philippines 5.70 0.699 35.158
Mongolia 1.64 0.739 36.916
Indonesia 3.69 0.705 36.578
Russia 4.75 0.829 65.728

(Continued)
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TABLE 1 (Continued)

10.3389/feduc.2023.1113922

Category of Country GDP growth, Human development Knowledge (digital
countries annual % Index competitiveness index),
score 1-100

Countries with the highest Norway 3.88 0.961 73.499
level of human development  gyityerland a2 0.962 86.929

Ireland 13.59 0.959 65.790

Germany 2.63 0.942 75.854

Australia 2.24 0.951 69.844
Countries with the most USA 5.95 0.921 85.601
developed digital education Singapore 761 0.939 84.132

Sweden 5.08 0.947 86.485

Canada 4.54 0.936 81.795

Denmark 4.86 0.948 81.415

Compiled by the authors based on materials from IMD (2022), UNDP (2022), and World Bank (2022).

()

Knowledge
(Digital
Hypothesis: Education) The necessity to
z=a+b*x, b>0 Links integrate digital
education in a new
Human (social investment)

model of economic
growth under the

development (z)

Differ by the category - ditions of
countries Links Industry 4.0
influence,
Industry 4.0 - GDP growth (y)
determine

FIGURE 1
The hypothesis and logic of the study. Developed and compiled by
the authors.

since it is a sign of the prospects of the social investment model of
economic growth that is based on digital education.

5. Discussion

This papers contribution to the literature consists in the
development of the scientific provisions of the concept of the social
investment model of economic growth through reconsideration of the
approach to human potential development with the help of education
under the conditions of Industry 4.0. Unlike the existing approach,
which implies the foundation on traditional (pre-digital) education
(Algraini, 2021; Indrawati and Kuncoro, 2021; Grisolia et al., 2022;
Guijarro-Garvi et al., 2022), we offered a new approach to human
potential development under the conditions of Industry 4.0, which is
based on digital education.

The advantage of the authors’ approach is that it allows for the
fullest use of new opportunities that open under the conditions of
Industry 4.0. On the one hand (at the input), the leading technologies
of Industry 4.0 are used in digital education, which allows raising its
effectiveness and ensuring the mass availability of life-long learning.

Frontiers in Education

On the other hand (at the output), the digital competencies of broad
masses of the population are developed and the training of digital
personnel for Industry 4.0 is ensured. Thus, the entire system of
education is modernised according to the conditions of Industry 4.0
and makes the most comprehensive contribution to the
implementation of the social investment model of economic growth.

6. Conclusion

The developed hypothesis was confirmed. Under the conditions
of Industry 4.0, digital education should be put in the basis of the
social investment model of economic growth. The theoretical
significance of the results obtained consists in their allowing for
reconsideration of the role of education in the implementation of the
social investment model of economic growth under the conditions of
Industry 4.0. It was proved that this role is performed most successfully
with the help of digital education.

The practical significance of the conclusions made is that they
allow improving the practise of human development through the most
comprehensive realisation of the digital education potential. The
practical implementation of the authors’ recommendations will allow
balancing the level of human development in countries of the
distinguished categories (countries with the highest GDP growth rate;
countries with the highest level of human development; countries with
the most developed digital education) at the almost maximum
level -0.99.

The social significance of this paper is that it supports the practical
implementation of the Sustainable Development Goals (SDGs), which
were adopted by the UN. In particular, this paper strengthened the
scientific and methodological framework and offered applied
recommendations to implement the following SDGs (1) SDG 4
through human development based on digital education; (2) SDG 8
through developing the potential of knowledge-intensive and highly-
efficient employment in the social investment model of economic
growth under the conditions of Industry 4.0 due to the development
of digital education; (3) SDG 10 through revealing the prospects for
the reduction of global inequality by levelling the differences and
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TABLE 2 Regression dependence of the human development index on knowledge (digital competitiveness index) for the entire sample in 2019-2021.

Regression statistics

Multiple R 0.7944
R square 0.6311
Adjusted R-square 0.6225
Standard error 0.0590
Observations 45
ANOVA and F-test
df sS MS F observed F table Significance F

Regression 1 0.2564 0.2564 73.5653 7.2636 7.3%107"
Residual 43 0.1499 0.0035 Level of significance: 0.01
Total 44 0.4063
Regression coefficients and t-test

Coefficients Standard error t-Stat p-Value Lower 95% Upper 95%
Constant 0.5582 0.0383 14.5781 3%1071 0.4810 0.6355
x 0.0043 0.0005 8.5770* 0.0000 0.0033 0.0053

*t-table at the level of significance of 0.01 at 44 degrees of freedom equals 2.692.
Calculated and compiled by the authors.

Countries with the highest GDP Countries with the highest level of
growth rate human development
10.00 15.00
L]
= X
—  5.00 =
E e E1000y-16547x- 15485
£ 0.00 8
g 0.650 0.700 0.750 0.80000.850 € 5.00
z z
g -5.00 2
‘5" =0,5942x+ 17023 & 0.00
o Yo B . °
& -1000 ° S 0.930 0.940 0.95060.960 0.970
L]
-15.00 -5.00
Human development Index Human development Index
Countries with the most developed
digital education
10.00 |y =35 444x - 31,745
s 8.00 .
g 6.00 .
E e ®
£ 4.00
-§‘ 2.00
S 0.00
& 2.00-910 0.920 0.930 0.940,0.950
a °
O -4.00 °
[ ]
-6.00
Human development Index
FIGURE 2
Regression curves. Calculated and constructed by the authors.

balancing human development in countries of the world based on
digital education.

References

Algraini, S. (2021). Education for human development: a capability perspective in
Saudi public education. Compare 51, 416-432. doi: 10.1080/03057925.2019.1629275

Anetor, E. O. (2020). Human capital threshold, foreign direct investment and
economic growth: evidence from sub-Saharan Africa. Int. J. Dev. Issues 19, 323-337. doi:
10.1108/1JDI-01-2020-0014

Batool, H. (2022). Augmented reality applications as a digital learning innovation in
response to the pandemic. Front. Educ. 7:937074. doi: 10.3389/feduc.2022.937074

Frontiers in Education

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Blankson, A. N. (2022). Specific processes of intelligence and relationships in
academic learning (SPIRAL). Front. Educ. 7:889946. doi: 10.3389/feduc.2022.889946

Bloom, D. E., Khoury, A., Kufenko, V., and Prettner, K. (2021). Spurring economic
growth through human development: research results and guidance for policymakers.
Popul. Dev. Rev. 47, 377-409. doi: 10.1111/padr.12389

Fan, Y., Zhang, J., Zu, D., and Zhan, H. (2021). An automatic optimal course
recommendation method for online math education platforms based on Bayesian

06 frontiersin.org


https://doi.org/10.3389/feduc.2023.1113922
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1080/03057925.2019.1629275
https://doi.org/10.1108/IJDI-01-2020-0014
https://doi.org/10.3389/feduc.2022.937074
https://doi.org/10.3389/feduc.2022.889946
https://doi.org/10.1111/padr.12389

Yankovskaya et al.

model. Int. J. Emerg. Technol. Learn. 16, 95-107. doi: 10.3991/ijet.v16il3.
24039

Fernandez-Sénchez, M. R., Garrido-Arroyo, M. D. C., and Porras-Masero, L. (2022).
Curricular integration of digital technologies in teaching processes. Front. Educ.
7:1005499. doi: 10.3389/feduc.2022.1005499

Goyal, S., and Sergi, B. S. (2015). Creating a formal market ecosystem for base of the
pyramid markets-strategic choices for social embeddedness. Int. J. Bus. Glob. 15, 63-80.
doi: 10.1504/1JBG.2015.070224

Grisolia, G., Lucia, U., and Torchio, M. E. (2022). Sustainable development and
workers ability: considerations on the education index in the human development index.
Sustain. (Switzerland) 14:8372. doi: 10.3390/su14148372

Guijarro-Garvi, M., Miranda-Escolar, B., Cedefio-Menéndez, Y. T, and
Moyano-Pesquera, P. B. (2022). Education as a dimension of human development: a
provincial-level education index for Ecuador. PLoS One 17:€0270932. doi: 10.1371/
journal.pone.0270932

Gunathilaka, C., Wickramasinghe, R. S., and Jais, M. (2022). COVID-19 and the
adaptive role of educators: the impact of digital literacy and psychological well-being on
education—a PLS-SEM approach. Int. J. Educ. Reform 31, 397-421. doi:
10.1177/10567879221113546

Ibrahim, M. (2018). Interactive effects of human capital in finance-economic growth
nexus in sub-Saharan Africa. J. Econ. Stud. 45, 1192-1210. doi: 10.1108/
JES-07-2017-0199

IMD (2022). World digital competitiveness ranking 2021. Available at: https://www.
imd.org/wcc/world-competitiveness-center-rankings/world-digital-competitiveness-
rankings-2021/.

Indrawati, S. M., and Kuncoro, A. (2021). Improving competitiveness through
vocational and higher education: Indonesia’s vision for human capital development in
2019-2024. Bull. Indones. Econ. Stud. 57, 29-59. doi: 10.1080/00074918.2021.1909692

Karambakuwa, R. T., Ncwadi, R., and Phiri, A. (2020). The human capital-economic
growth nexus in SSA countries: what can strengthen the relationship? Int. J. Soc. Econ.
47, 1143-1159. doi: 10.1108/IJSE-08-2019-0515

Kasimoglu, S., Bahgelerli, N. M., and Celik, M. U. (2022). Digital literacy during
COVID-19 distance education; evaluation of communication-based problems in line
with student opinions. Front. Psychol. 13:809171. doi: 10.3389/fpsyg.2022.809171

Lacka, E., Wong, T. C., and Haddoud, M. Y. (2021). Can digital technologies improve
students' efficiency? Exploring the role of virtual learning environment and social media
use in higher education. Comput. Educ. 163:104099. doi: 10.1016/j.compedu.2020.104099

Li, J., Yang, S., Chen, C., and Li, H. (2022). The impacts of COVID-19 on distance
education with the application of traditional and digital appliances: evidence from 60
developing countries. Int. J. Environ. Res. Public Health 19:6384. doi: 10.3390/
ijerph19116384

Maaravi, Y., and Heller, B. (2021). Digital innovation in times of crisis: how mashups
improve quality of education. Sustain. (Switzerland) 13:7082. doi: 10.3390/su13137082

Marquez-Ramos, L., and Mourelle, E. (2019). Education and economic growth: an
empirical analysis of nonlinearities. Appl. Econ. Anal. 27, 21-45. doi: 10.1108/
AEA-06-2019-0005

Munir, K., and Arshad, S. (2018). Factor accumulation and economic growth in
Pakistan: incorporating human capital. Int. J. Soc. Econ. 45, 480-491. doi: 10.1108/
IJSE-12-2016-0346

Nouira, R., and Saafi, S. (2022). What drives the relationship between export
upgrading and growth? The role of human capital, institutional quality, and economic
development. J. Knowl. Econ. 13, 1944-1961. doi: 10.1007/s13132-021-00788-9

Popkova, E. G., and Zmiyak, K. V. (2019). Priorities of training of digital personnel
for industry 4.0: social competencies vs technical competencies. On the Horizon 27,
138-144. doi: 10.1108/OTH-08-2019-0058

Frontiers in Education

07

10.3389/feduc.2023.1113922

Qureshi, M. L, Khan, N., Raza, H.,, Imran, A., and Ismail, E (2021). Digital
Technologies in Education 4.0. Does it enhance the effectiveness of learning? Int. J.
Interactive Mobile Technol. 15, 31-47. doi: 10.3991/IJIM.V15104.20291

Reyes, G. E., and Useche, A. J. (2019). Competitiveness, economic growth and human
development in Latin American and Caribbean countries 2006-2015: a performance and
correlation analysis. Compet. Rev. 29, 139-159. doi: 10.1108/CR-11-2017-0085

Rodriguez-Abitia, G., Martinez-Pérez, S., Ramirez-Montoya, M. S., and
Lopez-Caudana, E. (2020). Digital gap in universities and challenges for quality
education: a diagnostic study in Mexico and Spain. Sustain. (Switzerland) 12, 1-14. doi:
10.3390/5u12219069

Saltos-Rivas, R., Novoa-Hernandez, P., and Rodriguez, R. S. (2021). On the quality of
quantitative instruments to measure digital competence in higher education: a
systematic mapping study. PLoS One 16:€0257344. doi: 10.1371/journal.pone.0257344

Sayaf, A. M., Alamri, M. M., Alqahtani, M. A., and Al-Rahmi, W. M. (2021).
Information and communications technology used in higher education: an empirical
study on digital learning as sustainability. Sustain. (Switzerland) 13:7074. doi: 10.3390/
sul3137074

Secundo, G., Mele, G., Vecchio, P. D., Margherita, A., and Ndou, V. (2021). Threat or
opportunity? A case study of digital-enabled redesign of entrepreneurship education in
the COVID-19 emergency. Technol. Forecast. Soc. Chang. 166:120565. doi: 10.1016/j.
techfore.2020.120565

Speight, S. (2017). Learning for sustainability in the digital world. On the Horizon 25,
1-3. doi: 10.1108/OTH-09-2016-0046

Suyo-Vega, J. A., Meneses-La-Riva, M. E., Fernandez-Bedoya, V. H., Miotto, A. I, and
Gago-Chavez, J. D. J. S. (2022). University teachers' self-perception of digital research
competencies. A qualitative study conducted in Peru. Frontiers. Education 7:1004967.
doi: 10.3389/feduc.2022.1004967

Tahir, M., Hayat, A., Rashid, K., Afridi, M. A., and Tariq, Y. B. (2020). Human capital
and economic growth in OECD countries: some new insights. J. Econ. Adm. Sci. 36,
367-380. doi: 10.1108/JEAS-07-2019-0073

Uddin, M. N,, and Sarntisart, S. (2019). Human capital inequality and economic
growth: evidence with sub-national data from Thailand. Int. J. Soc. Econ. 46, 938-956.
doi: 10.1108/1JSE-07-2018-0368

UNDP (2022). 2019 Human development Index Ranking. Available at: https://
worldpopulationreview.com/country-rankings/hdi-by-country (Accessed December 26,
2022).

Vinnikova, I. S., Egorova, A. O., Kuznetsova, E. A., Kuryleva, O. I, and
Lavrentyeva, L. V. (2021). The Experience Of Organization of Educational Space and
Increasing the Financial Literacy of All Layers at Minin University. Advances in Research
on Russian Business and Management, Charlotte, NC, USA, Information Age Publishing.

Wang, S., Lin, X, Xiao, H., Bu, N., and Li, Y. (2022). Empirical study on human capital,
economic growth and sustainable development: taking Shandong Province as an
example. Sustain. (Switzerland) 14:7221. doi: 10.3390/su14127221

World Bank (2022). Indicators: GDP growth in 2019 (annual %). Available at: https://
data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?most_recent_value_
desc=true&view=chart (Accessed December 26, 2022).

Zawacki-Richter, O. (2021). The current state and impact of Covid-19 on digital
higher education in Germany. Hum. Behav. Emerging Technol. 3, 218-226. doi: 10.1002/
hbe2.238

Zhang, L. (2021). A new machine learning framework for effective evaluation of
English education. Int. J. Emerg. Technol. Learn. 16, 142-154. doi: 10.3991/ijet.
v16i12.23323

Zhang, S. (2021). A novel teaching approach for Mobile internet-based collaborative
knowledge construction in "teaching management". Int. J. Emerg. Technol. Learn. 16,
51-64. doi: 10.3991/ijet.v16i12.23223

frontiersin.org


https://doi.org/10.3389/feduc.2023.1113922
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.3991/ijet.v16i13.24039
https://doi.org/10.3991/ijet.v16i13.24039
https://doi.org/10.3389/feduc.2022.1005499
https://doi.org/10.1504/IJBG.2015.070224
https://doi.org/10.3390/su14148372
https://doi.org/10.1371/journal.pone.0270932
https://doi.org/10.1371/journal.pone.0270932
https://doi.org/10.1177/10567879221113546
https://doi.org/10.1108/JES-07-2017-0199
https://doi.org/10.1108/JES-07-2017-0199
https://www.imd.org/wcc/world-competitiveness-center-rankings/world-digital-competitiveness-rankings-2021/
https://www.imd.org/wcc/world-competitiveness-center-rankings/world-digital-competitiveness-rankings-2021/
https://www.imd.org/wcc/world-competitiveness-center-rankings/world-digital-competitiveness-rankings-2021/
https://doi.org/10.1080/00074918.2021.1909692
https://doi.org/10.1108/IJSE-08-2019-0515
https://doi.org/10.3389/fpsyg.2022.809171
https://doi.org/10.1016/j.compedu.2020.104099
https://doi.org/10.3390/ijerph19116384
https://doi.org/10.3390/ijerph19116384
https://doi.org/10.3390/su13137082
https://doi.org/10.1108/AEA-06-2019-0005
https://doi.org/10.1108/AEA-06-2019-0005
https://doi.org/10.1108/IJSE-12-2016-0346
https://doi.org/10.1108/IJSE-12-2016-0346
https://doi.org/10.1007/s13132-021-00788-9
https://doi.org/10.1108/OTH-08-2019-0058
https://doi.org/10.3991/IJIM.V15I04.20291
https://doi.org/10.1108/CR-11-2017-0085
https://doi.org/10.3390/su12219069
https://doi.org/10.1371/journal.pone.0257344
https://doi.org/10.3390/su13137074
https://doi.org/10.3390/su13137074
https://doi.org/10.1016/j.techfore.2020.120565
https://doi.org/10.1016/j.techfore.2020.120565
https://doi.org/10.1108/OTH-09-2016-0046
https://doi.org/10.3389/feduc.2022.1004967
https://doi.org/10.1108/JEAS-07-2019-0073
https://doi.org/10.1108/IJSE-07-2018-0368
https://worldpopulationreview.com/country-rankings/hdi-by-country
https://worldpopulationreview.com/country-rankings/hdi-by-country
https://doi.org/10.3390/su14127221
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?most_recent_value_desc=true&view=chart
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?most_recent_value_desc=true&view=chart
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?most_recent_value_desc=true&view=chart
https://doi.org/10.1002/hbe2.238
https://doi.org/10.1002/hbe2.238
https://doi.org/10.3991/ijet.v16i12.23323
https://doi.org/10.3991/ijet.v16i12.23323
https://doi.org/10.3991/ijet.v16i12.23223

	Digital education in the social investment model of Gross Domestic Product growth in the context of Industry 4.0
	1. Introduction
	2. Literature review
	3. Materials and methodology
	4. Results
	5. Discussion
	6. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note

	﻿References



