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Considering the context of the Fourth Industrial Revolution, higher education
must play a significant role in the social-investment model of economic growth.
To what extent higher education supports strategic academic leadership and
high-tech economic development is still being determined. The article proposes
direct actions for improving university management through higher educational
and technological functions. We establish the specific directions for university
management in neo-industrialization 4.0 to ensure extensive accessibility of
higher education and enhance university management efficiency.
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1. Introduction

The adoption of the Sustainable Development Goals (SDGs) has accelerated the design of
two university functions: educational (SDG 4) and technological (SDG 9). Government and
societal requirements for universities were also specified.

The first requirement is for universities to support high-tech economic growth (Muljono
and Setiyawati, 2022). In recent decades, higher education has been at the heart of economic
growth that post-industrialization implies. The development of society depends on the service
sector, where human resources fulfill a crucial role. With the advent of the Fourth Industrial
Revolution and post-industrialization 4.0, economic growth has become increasingly dependent
on various high-tech segments of industries (Popkova, 2022; Sergi and Popkova, 2022).

The second requirement supports strategic academic leadership, defined in this article as
the advanced knowledge and technology of national universities and their standing in
international universities rankings (Bellantuono et al., 2022; Elbawab, 2022; Véliz and
Marshall, 2022).

The technological function of universities is essential for conforming to the two requirements
since they are associated with technologies and innovations. However, while the 17 Sustainable
Development Goals are equally important, it seems unacceptable to assign SDG 4 a secondary
role, given that it can be performed exclusively by universities. Furthermore, there needs to
be more clarity as to which function of universities contributes to high-tech economic growth
and strategic academic leadership (Phiri and Tough, 2018; Saiti et al., 2018; Andrades et al., 2021;
Wolhuter, 2022).

In the Decade of Action, it is unclear how universities should be managed and which
function they should focus on the most. This article thinks of the university as an organization
that carries out science and higher education activities where academic leadership wins and
keeps leadership positions in the international university ratings.
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Higher education faces a considerable challenge due to the change
in economic systems. Universities have consistently carried out a
crucial role in the past, but the nature of this role is changing. In the
post-industrial era, universities served the vital function of providing
higher education to train highly qualified personnel. In post-
industrialization 4.0, universities have become more critical in
creating knowledge and technology (Muktiyanto et al., 2020; Kim and
Lee, 2021; Yusriana et al., 2021).

The extant literature, for example, Turginbayeva et al. (2018),
Zarea et al. (2021), and Maxyutova et al. (2022), points to the
importance of human and technological resources for
neo-industrialization 4.0. Let us clarify which part of higher education
is more substantial to fill the gap in the literature.

For achieving the neo-industrialization 4.0 goals, which university
function is the most fundamental? It looks at universities’ educational
and technological processes and how they can help the country
achieve external advantages. How university management affects the
science and higher education system is also considered from a
creative perspective.

After this introduction, we will look at the extant literature, find a
literature gap, and look at how higher education can help academic
leadership and high-tech economic growth. We examine higher
education and technology separately to see how they contribute to
neo-industrialization 4.0. Then, we sequentially address the two
research objectives. First, we will perform a factor analysis of strategic
academic leadership and high-tech economic growth. Another
purpose is to provide suggestions for improving university
management and explain why it is essential for strategic visionary
leadership and high-tech economic development. It ends with a
discussion and conclusion.

2. Literature review

The literature has extensively studied strategic academic
leadership (Jahanmehr et al., 2022; Kaidesoja, 2022) and high-tech
economic growth (Gil et al., 2019; Scott et al., 2021; Wang et al., 2022).
These both shape the spheres of digital competitiveness and
sustainability under neo-industrialization 4.0. Nevertheless, the
significance of higher education and university management for
neo-industrialization 4.0 is not well-researched and remains unclear.

This gap in the literature raises two research questions (RQs).

RQI: What is the role of universities in supporting
neo-industrialization 4.0? Chen et al. (2022), Doan et al. (2022),
and Polidoro et al. (2022) link the role of universities to the
creation of new knowledge and technology. This would apply
through the automation of business processes. Human resources
are becoming less important as machinery and technology are
more critical (Ma and Li, 2022). Full-automated smart factories
that operate autonomously using robots and artificial intelligence
are an example of this process (Chen et al., 2022). Although
automation is not a spontaneous process, it involves highly
qualified personnel. In this regard, Alipanga and Kohrt (2022),
Krassadaki et al. (2022), Nunfam et al. (2022), Siri et al. (2022),
and Yu and Wang (2022) point to the importance of higher
education for neo-industrialization 4.0. Based on this assumption,

this article proposes hypothesis H;, that higher education plays an
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equally significant role in supporting the neo-industrialization 4.0
as it does in creating new knowledge and technology. Universities
perform two equally valuable educational and scientific functions
throughout this process.

RQ2: How can higher education be managed to be a leader in
academics and high-tech economic growth? In Nawaz et al.
(2020), Ruangpermpool et al. (2020), Gonzalez-Perez et al. (2021),
Ismail et al. (2022), and Veltri et al. (2022), universities should
generate new knowledge and technology and execute their
technological function and support high-tech economic growth.

The causes and effects of universities’ role in neo-industrialization
4.0 are not explained fully in the literature. After analyzing the
literature and systematizing the accumulated knowledge,
we highlighted three principal areas of university management that
contribute to the development of higher education.

The first direction is the vastest availability of higher education
(Alexander et al., 2022; Hassan et al., 2022; Suyadi et al., 2022).
Implementing this direction means that the more highly qualified
personnel in the economy, the greater its human potential
(Al-Tammemi et al., 2022; Palmisano et al., 2022; Sanz and Lépez-
Inesta, 2022). The second direction is the training of scientific and
engineering staff by universities, most of whom are IT specialists
(Btoush, 2022; Leible and Ludzay, 2022). This direction directly forms
the staffing of neo-industrialization 4.0 (Karpefors and van Riemsdijk,
2020; Wasilah et al., 2021). The third direction is the establishment of
mobility in higher education (Grant, 2018; Knight and Motala-Timol,
2021). Intercity and international internships for faculty and students
and opportunities for students to choose and change majors as they
pursue their higher education are relevant to the considered area
(Burmann and Delius, 2017). This direction ensures the flexibility of
universities and the higher education system and the system’s
openness, stimulating the quality of higher education and contributing
new knowledge and technologies (Bobrytska et al., 2021).

Based on the extant literature review, we formulate hypothesis H,:
in the process of ensuring strategic academic leadership and supporting
high-tech economic growth, university management should aim at (1)
raising the mass availability of higher education, (2) training scientific
and engineering & technical personnel, and (3) mobility in higher
education and universities accomplishment their educational function.

Undoubtedly, these management areas are essential for developing
higher education. However, each highlighted area’s contribution to
strengthening strategic academic leadership and accelerating high-
tech economic growth needs in-depth study. Due to the lack of
scientific elaboration, RQ, requires further scientific search.

To test our hypothesis H;, we compare the creation of new
academic knowledge and technology with higher education services
to strategic academic leadership and high-tech economic growth. This
illustrates how universities’ technological and educational function
contributes to their goals in the Decade of Action: high-tech economic
growth and progress in international university rankings.

To test hypothesis H,, we model the prospects for strengthening
strategic academic leadership and accelerating the high-tech economic
growth rate based on higher education development. Our method
models university management in the unity of its functions. High-tech
economic growth (high-tech manufacturing) and strategic academic
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leadership (QS university ranking) are set by the performance of the
educational function - in the unity of three directions: (1) Raising the
mass accessibility of higher education (tertiary enrolment), (2)
Training of scientific and engineering & technical personnel by
universities, most of which are IT specialists (graduates in science and
engineering), and (3) Mobility in higher education (tertiary inbound
mobility) - and technological function: knowledge creation.

3. Materials and methods

In order to avoid significant gaps in the dataset, we employed a
sample of 123 countries, for which most of the values of the studied
indicators are available. Data for the whole totality of countries were
initially collected from WIPO (2022). The countries with the most
data were chosen, and a research sample was made with no gaps in the
data. The data were taken from the WIPO report for 2022, but they
show the results for 2021. The statistics are combined into a common
dataset publicly available in Mendeley Data (Popkova, 2022). The
indicators were sourced from the WIPO (2022) report and in the score
(0-100, 100-the best; assigned scores by WIPO experts through
international comparisons and reflect the country’s efficiency and
comparison with other countries). This simplifies the logical treatment
of the results of econometric modeling and increases its precision.

A classification of local and leading universities was adopted.
Local universities and their branches are oriented toward internal
markets and rely on the government for support. These universities
rank low in national ratings and are not usually included in
international ratings. Leading universities actively attract foreign
lecturers and students and are included in international and top
national ratings. They can receive government support and benefit
from high flexibility and entrepreneurial activity. This article focuses
on universities of the second type.

A regression analysis of strategic academic leadership and high-
tech economic growth is employed to model the dependence of
strategic academic leadership and high-tech economic growth - high-
tech manufacturing (HTM) and QS university ranking (QSR) - on the
factors of higher education - tertiary enrolment (te), graduates in
science and engineering (gs), tertiary inbound mobility (tm), and
knowledge creation (kc).

The variables reflect the university management’s corresponding
direction. The variable “high-tech manufacturing” was selected
because it allows for quantitative measuring of high-tech economic
growth. The variable “QS university ranking” reflects the results of
countries on their way to strategic academic leadership and “tertiary
enrolment” university management’s outcome in guaranteeing mass
accessibility of higher education services. This variable is a statistical
reflection of the first direction of university management. It considers
highly qualified personnel and their human potential as described in
several works (Alexander et al.,, 2022; Al-Tammemi et al., 2022;
Hassan et al., 2022; Palmisano et al., 2022; Sanz and Lopez-Iiiesta,
2022; Suyadi et al., 2022).

The educational function’s “graduates in science and engineering”
reflects university management’s results in training scientific and
engineering & technical personnel, most of whom are IT specialists.
This variable is a statistical reflection of the second direction of
university management described in (Karpefors and van Riemsdijk,
2020; Wasilah et al., 2021; Btoush, 2022; Leible and Ludzay, 2022). The
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logic of using this variable consists of staffing neo-industrialization
4.0, ensured by universities.

The variable “tertiary inbound mobility” reflects university
management’s result in mobility in higher education and the third
direction of university management (Burmann and Delius, 2017;
Turginbayeva et al., 2018; Bobrytska et al., 2021; Knight and Motala-
Timol, 2021). This variable considers the flexibility of universities and
the system of higher education overall, as well as its openness to
increasing the quality of higher education and stimulating better
creation of new knowledge and technologies.

The variable “knowledge
management’s performance in the technological function by creating

creation” reflects university
new knowledge, technologies, and other innovations.
The research model takes the form of the following system of

multiple linear regression equations:

HTM=a+ bte(htm)*te + bgs(htm)*gs + btm(htm)*tm + bkc(htm)*kc’ W

QSR =a+ b[e(qsr)*te + bgs(qsr)*gs + btm(qsr)*tm + bkc(qsr)*kc-

Model (1) is tested with multiple correlation coefficients and
Fisher’s F-test. The factor variables te, gs, and tm reflect the educational
function of universities. Variable ke reflects the technological function
of universities.

To verify hypothesis H,, the regression coeflicients are compared
to each other. Proving the hypothesis is expressed as (Digim)
+ Dgsthim)+ Dmhim))/3 > brcumy - and (Bre(gsn + bigsigen
+Dim(gsn)/3 > bic(gsr. This shows a higher significance of universities’

simultaneously

educational function than their technological function.

Based on the model (1) results, we insert the maximum possible
(100 points) values of the factor variables that characterize universities’
educational function. We determine the forecasted growth of the
resulting variables (AHTM and AQSR) with the maximization of
factor variables: b,, = max; by, — max; b,,, > max.

The benefits of strategic academic leadership and high-tech
economic growth are determined using the least squares method
based on the model (1). If the maximization in the following spheres
is achieved, hypothesis H, is accepted: (1) tertiary enrolment, (2)
graduates in science and engineering, and (3) tertiary inbound
mobility will ensure an increase in high-tech manufacturing and
growth of QS university ranking, top 3.

4. Results

4.1. Factor analysis of strategic academic
leadership and high-tech economic
growth

In the first step, statistics from the dataset (Popkova, 2022) were
processed using regression analysis for factor analysis of strategic
academic leadership and high-tech economic growth. This refines the
following research model:

HTM =9.8729 +0.4664" te + 0.0270% gs + 0.1513" tm + 0.0851" ke, (
QSR =2.0917+0.4297" te +0.0216* gs + 0.1461% tm + 0.0925" ke.

2)
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TABLE 1 Regression analysis of the dependence of high-tech manufacturing on university management factors in 2022.

Regression statistics

Multiple R 0.5779
Standard error 20.8720
Observations 123
Variance analysis
Df SS MS F Significance of F

Regression 4 25777.3903 6444.3476 14.7929 8%1071°
Residual 118 51405.4348 435.6393
Total 122 77182.8250
Parameters of the regression model

Coeficients Standardized error t-statistics p-value Lower 95% Upper 95%
Constant 9.8729 3.5343 2.7934 0.0061 2.8739 16.8718
Tertiary enrolment 0.4664 0.0962 4.8455 3.9%10°° 0.2758 0.6569
Graduates in science and engineering 0.0270 0.0287 0.9428 0.3477 —0.0298 0.0838
Tertiary inbound mobility 0.1513 0.0993 1.5243 0.1301 —0.0453 0.3479
Knowledge creation 0.0851 0.0248 3.4280 0.0008 0.0359 0.1342

Source: Authors.

TABLE 2 Regression analysis of QS university ranking, top 3, on university governance factors in 2022.

Regression statistics

Multiple R 0.5299
Standard error 23.0012
Observations 123
Variance analysis
Df SS MS F Significance of F

Regression 4 24379.5391 6094.8848 11.5203 6.3%107°
Residual 118 62428.7728 529.0574
Total 122 86808.3119
Parameters of the regression model

Coefficients Standardized error t-statistics p-value Lower 95% Upper 95%
Constant 2.0917 3.8949 0.5370 0.5923 —5.6213 9.8046
Tertiary enrolment 0.4297 0.1061 4.0514 9.2%10~° 0.2197 0.6397
Graduates in science and engineering 0.0216 0.0316 0.6840 0.4953 —0.0410 0.0842
Tertiary inbound mobility 0.1461 0.1094 1.3358 0.1842 —0.0705 0.3628
Knowledge creation 0.0925 0.0273 3.3835 0.0010 0.0384 0.1467

Source: Authors.

To check the reliability of model (2), we turn to the detailed
regression analysis results in Tables 1, 2.

According to the results from Table 1, the 57.79% change in high-
tech manufacturing in 2022 is explained by changes in the values of
university management factors, indicating a reasonably strong
relationship between the studied indicators. Thus, with a one-point
increase in tertiary enrolment, high-tech manufacturing increases by
0.4664 points. A one-point increase in science and engineering
increases high-tech manufacturing by 0.0270 points. If tertiary
inbound mobility increases by one point, high-tech manufacturing
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increases by 0.1513 points. A one-point increase in knowledge
creation increases high-tech manufacturing by 0.0851 points.
According to the results in Table 2, the change in the QS university
ranking, top 3, in 2022 by 52.99% is explained by changes in the values
of university management factors, indicating a strong relationship
between the employed indicators. If tertiary enrollment increases by
one point, the QS university ranking point, top 3, increases by 0.4297
points. If graduates in science and engineering increase by one point,
the QS university ranking, top 3, increases by 0.0216 points. If tertiary
inbound mobility increases by one point, the QS university ranking,
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top 3, increases by 0.1461 points. If knowledge creation increases by
one point, the QS university ranking, top 3, increases by 0.0925 points.

In the function for high-tech manufacturing, the arithmetic
mean of the regression coefficients for the factor variables that reflect
the educational function of universities was (0.4664 +0.0270
+0.1513)/3=0.2149. The value exceeds the regression coeflicient for
the variable that reflects the technological function of universities
(0.0851).

In the function for the QS university ranking, top 3, the arithmetic
mean of the regression coeflicients for the factor variables that reflect
the educational function of universities was (0.4297+0.0216
+0.1461)/3=0.1992. The value also exceeds the regression coefficient
for the variable that reflects the technological function of universities
(0.0925). Taken together, this confirms hypothesis H;.

4.2. Recommendations for improving
university management and benefits for
strategic academic leadership and
high-tech economic growth

The second task of this research is to examine the educational
function of universities. We maximize the results of all three identified
university governance areas within this function: a 223.17% increase
in tertiary enrollment, a 107.06% increase in graduates in science and
engineering, and a 552.21% increase in tertiary inbound mobility. This
will open new prospects for higher education to strengthen its
strategic academic leadership and accelerate high-tech economic
growth through development (Figure 1).

As shown in Figure 1, our recommendations will increase
high-tech manufacturing by 153.46% (from 30.25 points in 2022
to 76.66 points) and a 203.69% increase in the QS university
ranking, top 3 (from 21.19 points in 2022 to 64.36 points). This
confirms hypothesis H, and fits our recommendations in the
Decade of Action. Suppose it is hard to maximize the results in
all three areas of university management at once. In that case, it
is advisable to focus on implementing the most significant area,
tertiary enrollment (the regression coefficients are highest for it,
at 0.4664 and 0.4297).

10.3389/feduc.2023.1108527

5. Discussion

This analysis addresses a literature gap at the interface between
university governance and the Fourth Industrial Revolution. We argue
that universities’ educational functions are more important than the
technological functions of neo-industrialization 4.0 (Table 3).

In contrast to Chen et al. (2022), Chen et al. (2022), Doan et al.
(2022), Ma and Li (2022), and Polidoro et al. (2022), Table 3 shows
that universities in neo-industrialization 4.0 are not the creation of
new knowledge and technology, but the provision of educational
services. Unlike Nawaz et al. (2020), Ruangpermpool et al. (2020),
Gonzalez-Perez et al. (2021), Ismail et al. (2022), and Veltri et al.
(2022), to ensure strategic academic leadership and high-tech
economic growth higher education management must focus on the
educational function.

To ensure strategic academic leadership and high-tech economic
growth, management in higher education should focus on the most
significant directions of university management for performing the

Tertiary enrolment
(+223.17%)

Graduates in science
and engineering
(+107.06%)

100.00

QS university ranking
(+203.69%) 64.36

30.94
2119 #7777 4830
7 d

! ’

7’
76.66 1533
High-tech Lo
. Tertiary inbound
manufacturin, L
153, 46%)g 2723 100,00 mobility (+552.21%)

Knowledge creation
(const)

= = = World average in 2022, points 1-100

World average in perspective, points 1-100

FIGURE 1

Prospects for strengthening strategic academic leadership and
accelerating the pace of high-tech economic growth through the
development of higher education.

TABLE 3 Comparative analysis of the obtained results with the existing literature in the context of the assigned RQs.

Research question
(RQ)

Existing literature

Existing answer

RQ;: What is the role of Creation of new knowledge and

universities in supporting the technology (the technological function
implementation of neo- of universities is key)

industrialization 4.0?

Chen et al. (2022), Chen et al. (2022),
Doan et al. (2022), Ma and Li (2022),
Polidoro et al. (2022)

New answer received

References

Provision of educational services (the key
function of universities is an educational

function)

RQ,: How to manage higher Through the creation of new knowledge

education to ensure strategic and technologies during the
academic leadership and high- | performance of the technical function by

tech economic growth? universities

Nawaz et al. (2020), Ruangpermpool
et al. (2020), Gonzalez-Perez et al.
(2021), Ismail et al. (2022), Veltri et al.
(2022)

Through the implementation of the directions of

university management for their performing the

educational function:

1) Increase in mass accessibility of higher
education;

2) Training of scientific and engineering &

technical personnel by universities;

Mobility in higher education.

Source: Authors.
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educational function: an increase in mass accessibility of higher
education, training of scientific and engineering & technical personnel
by universities, and mobility in higher education.

The paper adds to the scientific knowledge of the increasingly rich
literature on university management. It builds upon the analyzes of
Alexander et al. (2022), Al-Tammemi et al. (2022), Hassan et al.
(2022), Palmisano et al. (2022), Sanz and Lopez-Iiesta (2022), and
Suyadi et al. (2022) in raising mass accessibility of higher education.
The paper also expands on Karpefors and van Riemsdijk (2020),
Wasilah et al. (2021), Btoush (2022), and Leible and Ludzay (2022) in
the sphere of training scientific and engineering & technical personnel
by universities and the works of Burmann and Delius (2017), Grant
(2018), Bobrytska et al. (2021), and Knight and Motala-Timol (2021)
in the sphere of mobility in higher education.

The educational function of universities must be the subject of
further examination. To assist neo-industrialization 4.0, the quality
and availability of higher education services must enhance the
educational function.

6. Conclusion

This article aims to find ways to make university management
more efficient and implement SDGs 4 (“Quality education”), 8
(“Decent work and economic growth”), and 9 (“Industry, innovation,
and infrastructure”). According to the findings of this article,
neoindustrialization 4.0 must rely on a social and investment model
of economic growth, in which higher education plays a key role. This
new paradigm relies on universities because of their natural leadership
in academics and high-tech economic growth. SDG 9 should
be overseen by private businesses and the government, while SDG 4
should be focused on by universities. High-tech economic growth and
easy access to higher education are recommended despite the
association of the Fourth Industrial Revolution with automation. The
quantitative benchmarks of university management should be refined
in prospective studies.
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