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Abstract: Against the background of multiple and simultaneous global socio-economic shocks, cou-
pled with digital transformation and the green transition, regional resilience triggers new structural
transformations. The more complex processes that need to be addressed now require the usage of
complex integrated tools. The novelty of the integrated approach is the combination of the models
and the synthetic spatial–temporal picture offered. The quadruple helix, or 4Helix, model puts
Higher Education Institutions (HEIs) at the nexus of generating regional digital resilience. We posit
a new mindset and behavior of human capital to reinforce innovation and knowledge production
and transfer. We explore, using the Romanian national case, to what degree the spatial 4Helix model
generates regional digital resilience as a positive externality of adoption of the ‘new normal’ digital
education. We analyze this process in three steps. (1) We determine the spatial distribution of HEIs
at the Romanian county level (NUTS3). (2) We calculate the regional static and dynamic resilience
indexes (at NUTS2) as the outcome of the method for multi-criteria decision making (MCDM) by each
region’s digital economy as well as individual and regional wealth, social digital use and social digital
connectivity dimensions. (3) Lastly, we provide the result of overlaid maps and radar charts (using
HEIs number and spatial coverage and each region’s static and dynamic digital resilience). These
three classes of digital resilience models of 4Helix by region indicate a generalized failure in adopting
digital education in Romania. The study contributes by adding a powerful tool to explore the complex
processes or phenomena and generating an integrated perspective using a pre-existing framework. In
doing so, it enables researchers to better understand and address society’s needs, co-create knowledge
and solutions together with the end-users, maximize the impact of these solutions, optimize resources
usage, and increase the transparency and accountability of the decision-making processes.

Keywords: quadruple helix; higher education institutions; static and dynamic digital resilience;
regional studies; human capital; digital education; digital economy; connectivity

1. Introduction

The global COVID-19 crisis, beginning in early 2020, accelerated interest in the digital
transformation process (DT). The epidemic forced the world to dramatically change multi-
ple behaviors; digital resilience (DR), together with economic and social resilience, became
key concerns. Rothrock [1] approached the DT of the companies in terms of cyber threats
and Kohn [2] examined DT from the perspective of organization security.

Even though this process started years earlier, DT had not yet gained traction as a
critical challenge. Reis et al. [3], with a systematic analysis of the literature, showed that
businesses must reconsider their strategies to deal with digital reality. In addition, they
highlighted the role of higher education to identify new areas and opportunities of DT. The
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multidisciplinary implications of DT are reflected in the stages of the process: digitization,
digitalization, and digital transformation [4].

The adoption of digital infrastructure and applications is just the beginning; finding
skilled human resources to exploit these facilities is the middle stage. However, the final
and most important step to fulfill DT is structural transformation [5,6]. The mindset of
managers and consumers and the behavior of the business environment play a key role in
DT [7–10]; specialists have developed a framework of DT adoption [11].

Human resources play a key role in both DT and DR; this mindset and the behav-
ioral matrix are built into higher education organization. Furthermore, managerial, en-
trepreneurial skills, organization culture, and strategic development are topics studied in
many Higher Education Institutions (HEIs). From this perspective, we acknowledge the
important role of higher education in the regional development and in DR; we therefore
propose regional models of DR using the quadruple helix theory.

The 4Helix model offers a collaborative framework that involves the most important
stakeholders of the socio-economic development (economy, education, society and govern-
ment). Cooperation between these essential components can create the needed synergy
for a fast-forward DT and sustainable development in accordance with modern challenges.
The model was developed for innovation and stated the role of the four participants on
the benefit of this complex process. DT is highly accepted, with the innovation being en-
tirely dependent on the new digital tools (e-learning, e-commerce, e-governance, e-health,
e-banking, e-administration, artificial intelligence, internet of things, block chain, twin tool,
etc.), but it is also a very complex process. The stakeholders of the 4Helix model have the
main roles in DT. All the actors are contributing to the co-creation of the knowledge, ideas
and solutions; the approach is more integrated and holistic. Encouraging the end-users’
participation increases the impact and relevance of the solutions, which are created to solve
society’s needs. Together, they can better use the resources (financial and human resources)
by leveraging the strengths and expertise of each. Involving government and civil society
actors can lead to more transparent and accountable decision-making processes focused
on the global benefit of the society and the regional cohesion. Overall, a 4Helix model has
an integrative approach of a complex process and offers the most efficient and effective
perspective to co-generate solutions with a greater impact on society and the economy.

We appreciate that a regional study meant to measure the contribution of the HEIs
to DR and innovation transfer to economy is needed to address the upcoming challenges
and to efficiently use the resources. Based on the findings, the policy makers will know the
level of the regional DR, the potential of HEIs in promoting and transferring the knowledge
and innovation to the economy, and the geostrategic elements (neighbors) that could act
as facilitators or barriers. Moreover, the proposed model highlights the importance of the
dynamic measurement, giving a picture of the regional trends and significant information
to design public policies to stimulate, accelerate or support the DR. The model can be
replicated for other socio-economic factors, offering consistent and valuable insights for
scientists and professionals.

2. Literature Review

DR is considered a factor of corporate performance improvement [12] as well as
education delivery enhancement [13]. Digital transformation deeply impacts people and
organizations. The risks, opportunities and accompanying digital infrastructure (hard
and soft) should be better understood, and the human resources involved should be
better prepared [14].

Human capital has a significant role in the digital economy and contributes signifi-
cantly to economic growth and well-being [15]. DR post-crisis has a critical role in business
resilience, behavioral changes related to supply and demand [16], employee expectations
relating to remote work [12], business communications [17], health issues [18] and students’
performance [19], to name but a few of the elements involved.
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Starting from the triple helix model [20–22] that explains the relations between uni-
versity, industry and government, and the roles of a knowledge-driven economy and
innovation, a quadruple helix growth model was developed by adding civil society [23]. A
quadruple helix model was used by Yun and Liu [24] for open innovation (integration of
internal and external idea).

Carayannis and Campbell [25] present the triple helix (3Helix), quadruple helix (4He-
lix) and quintuple helix (5Helix) as frameworks for knowledge transfer, innovation and as
a trans-disciplinary approach. Miller, McAdam, and McAdam [26] analyzed the literature
and the evolution from 3Helix to 4Helix models.

The 4Helix model was used to explain regional innovation by Hasche, Höglund and
Linton [27], Roman et al. [28] and Kimatu [29]. Using a 4Helix model, the importance of
funding for renewable energy technology was explained [30] along with the digitalization of
SMEs [31]. In business, especially, SMEs, growth and digital transformation are dependent
on qualified labor with adequate digital skills, according to Gogorishvili [32]. In this
context, a sustainable smart city could be developed and managed using the synergy of all
stakeholders and adequate digital transformation [33].

Higher education must adapt continuously to fresh challenges and socio-economic
transformation [34]. The HEIs are the core of this innovation, knowledge production and
transfer. HEIs are the main centers of generating innovation and 4.0 industry, expand-
ing the research and development (R&D) role to that of technology-creator and supplier.
University 4.0 [35] reflects the new role and expectations toward the HEIs responsible
for DT and DR. The recent technologies demand an innovative environment and highly
skilled personnel.

HEIs are also responsible for problem solving, orienting businesses toward digi-
talization and providing adequate teaching programs, according to the criteria of DT.
Using appropriate digital tools, they can contribute significantly to digital innovation
and transformation [36]. HEIs are considered the leading drivers in the digital economy,
knowledge production and innovation; their role is best analyzed using 3Helix, 4Helix and
5Helix frameworks [37].

Weller and Anderson [38] show the digital resilience of higher education and evaluate
the HEIs’ adaptation to the challenges and the needs. Their conclusion is quite simple:
a resilient organization entails strength and weakness identification and adoption of the
proper responses [38]. There are studies about the resilience of the students to the digital
transformation, and they are part of the HEIs’ digital resilience [39]. The barriers to digital
education were revealed; HEIs must consider the infrastructure (hard and soft) and skills
they possess.

The recent digital transformation of HEIs are wide and deep, the challenges are
multiple; they are pushed to do it faster than others to regain the leading position and to
offer more digitally oriented learning [40].

Innovation depends on technology, human capital, and information; HEIs are inte-
grating these elements while serving as accelerators of technological management on a
4Helix model [41]. The 4Helix model is used by Aggarwal and Sindakis [42] to determine
the regional influence of innovation as does Steenkamp [43], for Industry 4.0.

Eco-innovation and smart specialization in Italy were analyzed by Dileo and Pini [44],
using a 4Helix model to evaluate the contribution of the HEIs and government and to
identify the differences at the regional level. Their findings show the importance of co-
operation and geographical factors. Lew and Park [45] explored the N-Helix model for
regional innovation and the evolution of the literature, concluding that the models evolved
but still explained regional innovation systems. The study by Nordberg [46] argues that the
non-university regions can also exploit innovative growth and that the alteration of 4Helix
can facilitate it.

Regional innovation systems are explored by other studies using 4Helix models [47–50].
The synergy of knowledge transfer highlighted the regional patterns of European countries [51]
and demonstrated the learning processes in regional innovation [52]. Two essential research
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directions appeared: the 4Helix models in regional innovation systems and the DR in the
HEIs or higher education systems, as leading organizations of DT, innovation, knowledge
transfer, etc.

Based on the previous studies about the regional role of HEIs, knowledge transfer
and learning processes [46,51,52] and the innovation studies [47–50] that used the 4Helix
model, we appreciate that a 4Helix model is the best way to measure the DR led by
HEIs. Another argument was the compatibility between the 4Helix framework (economy,
society, education, government) and the sustainable development indexes (digital economy
performance, regional and individual wealth, social digital use, social digital connectivity)
we considered essential in measuring the DT. The identified gaps in the literature we are
addressing are the regional patterns of HEIs contribution to DR and innovation transfer to
the business environment. The research hypotheses are:

H1. There are spatial 4Helix models that generate regional digital resilience in Romania; and.

H2. HEIs adopt the new normal digital education.

3. Research Methodology

Our methodology approach considers that the spatial 4Helix models generate regional
digital resilience as a positive externality of the HEIs’ internal adoption of the ‘new normal’
digital education. Based on the rich literature findings, we forecast HEI digital education
adoption only if its output is regional-resilient. The result is a 4Helix model classification
using the digital resilience of regions (NUTS2) from the perspective of universities’ spatial
distribution at the county level (NUTS3).

To address the objective of the present study and identify the 4Helix models character-
ized by the contribution of higher education to regional digital resilience, we used three
levels of methodology:

MI—Mapping the spatial distribution of universities at the county level in Romania.
The objective is to evaluate the spatial distribution of the universities across Romania and
obtain an Exploratory Spatial Data Analysis (ESDA) representation.

MII—Calculating the dynamic and static digital resilience of regional labor markets in
the context of the 4Helix theory. Its objective is to evaluate and generate an index of the
static and dynamic digital resilience in the regional labor market in Romania.

MIII—Identifying and profiling the 4Helix spatial models of digital resilience of regions
from the perspective of Romanian university distribution. The aim is to identify and create
the regional integrated 4Helix models for Romania and answer the research questions. The
4Helix models of regional digital resilience from the perspective of the HEIs contribution
will be generated by overlaying maps of static and dynamic resilience dimensions using
the university distribution map.

3.1. MI—The Methodology for Mapping the Spatial Distribution of HEIs at the County Level
in Romania

The present study used the techniques of spatial analysis or the “Choropleth map”
through classification in Jenks’ natural breaks of software, namely Arc GIS 10.2.3. Within
the family of ESDA, the Choropleth maps (percentile, box, cartogram, hinge) are basic
instruments to generate synthetic images using data geo-visualization [53]. Widely used
in GIS packages, Jenks natural breaks are forms of variance-minimization classification.
The intervals are usually unequal, and they are selected at separate values, where substan-
tial changes in value occur. They can be significantly affected by the number of classes
selected and tend to have unusual class limits. The method applied dates to Jenks [54]
and Caspall [55], who follow Fisher [56] and were updated by De Smith, Goodchild
and Longley [57].

A prominent issue in spatial analysis is the classification scheme chosen to assign on a
map the values from a continuous field to the polygons that represent the regions. Univari-
ate classification schemes used in GIS are based on Harvey’s [58] theory of classification
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in a spatial context, Mitchell [59] and Longley et al. [60]. In this context, classification is a
basic ordering procedure, which is important both as an objective and as a method.

The Jenks natural breaks algorithm follows 4 steps:

(a) Step 1—An attribute “x” is used for classification and the needed number of breaks “k”;
(b) Step 2—A set of k-1 random or uniform values are generated in the interval (min {x},

max {x}). These are used as initial class boundaries;
(c) Step 3—Mean values are calculated for each initial class and the sum of the squares of

the deviations. The sum of squared deviations (STSd) is recorded;
(d) Step 4—The iterative process is performed until the STSd falls below a limit, when the

variation inside the classes is minimized and that between them is maximized. The
optimization could demand several repetitions before the process is finalized.

The Jenks optimization process, also known as the “goodness of the variance fit”
(GVF), is achieved when GVF is maximized, per De Smith, Goodchild and Longley [57].

GVF = (SDAM − SDCM)/SDAM

where GVF represents the variance fit description with values between 0 (perfect mismatch)
and 1 (perfect fit).

SDBC—sum of squared deviation between classes—to be maximized
SDAM—sum of squared deviation array mean—to be minimized
SDCM = SDAM − SDBC; sum of square deviation from the class means.
The specific characteristic of this algorithm is given by the optimization of the intervals

established for the clustering by statistical methods, which is based on reducing the variance
within the class and maximizing the difference between the classes [61]. The visual result
of this method is represented by the graphics of the statistical information from the socio-
economic field, which are vectored spatially.

The number of universities surveyed was the synthetic indicator for mapping the
spatial distribution at the county level in Romania (Table 1). Data were extracted from the
Territorial Observatory of MDRAP portal [62], Indicator V_SCL_UAT_412 SCL101C INS—
TEMPO 2019 Domain: 4. Infrastructure and social services, Subdomain: 4.1. Education,
Indicator 4.1.2. Number of public/private universities.

Table 1. Romanian university numbers in 2008 and 2019 aggregated at regional level (NUTS2).

Region Year_2008 Year_2019 Variation 2019–2008

BUCURESTI—ILFOV 36 32 −4
CENTRU 13 9 −4
NORD-EST 13 11 −2
NORD-VEST 16 13 −3
SUD-EST 7 7 0
SUD-MUNTENIA 4 4 0
SUD-VEST OLTENIA 4 3 −1
VEST 13 11 −2

Total 106 90
Source: The Territorial Observatory of MDRAP [62].

3.2. MII—Methodology for Calculating the Dynamic and Static Digital Resilience of Regional
Labor Markets in the Context of the 4Helix Theory

This methodological level aims to evaluate and calculate the static and dynamic digital
resilience in regional labor markets in Romania.

The model for analyzing the dynamics of business sectors from the perspective of
resilience to disruptive factors (ESDA analyses) uses multi-criteria spatial analysis, incorpo-
rating multi-weighted entropic and dynamic factors.

Multi-criteria spatial analysis is the determination of indexes for multi-dimensional
measurement using the method for multi-criteria decision making (MCDM). In this analysis,
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indexes that reflect different dimensions such as economic, social, technical, environmental,
political data, etc. are represented in independent maps called layers. These maps can be
overlaid, the result being enriched with new useful information for the decision maker or
other consumers, according to Rikalovic et al. [63].

Zhang et al. [64] propose the method of summing up the indexes with multi-weighted
resilience criteria by using, in addition to the weights of the informational entropy, a time
series that describes the factors that influence the resilience of economic sectors at the
county level.

3.2.1. The Conceptual Framework of the Assessment of Dynamic and Static Digital
Resilience at the Level of Regional Labor Markets in the Context of 4Helix

To create the conceptual framework of the study in the context of 4Helix theory,
we linked the components of the system with dimensions of dynamic digital resilience
(see Table 2).

Table 2. The conceptual 4Helix framework.

Quadruple Helix Framework Conceptual
Correspondence

Dynamic Digital Resilience
Dimensions

H1. Industry/Business S1. Digital Economy Performance
(Industry 4.0)

H2. Social S2. Region and Individual Wealth
H3. Universities S3. Social Digital Use
H4. State/Government S4. Social Digital Connectivity

Source: authors’ concept.

The resilience of regional labor markets is heterogeneous and variable over time. In
this study, we propose the measure of total dynamic resilience for each labor market at
the regional level in Romania between 2008 and 2021 as a synthesis of four characteris-
tics/dimensions.

The Digital Dynamic Resilience Index (DDR) is using the following sub-indexes:
S1—Digital Economy Performance;
S2—Regional and Individual Wealth;
S3—Social Digital Use;
S4—Social Digital Connectivity.
Figure 1 presents the conceptual blocks and the variables used.

Figure 1. Conceptual blocks of Digital Dynamic Resilience Index. Source: authors’ concept.
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3.2.2. Methodology for Computing Dynamic and Static Digital Resilience of Regional
Labor Markets

(a) Employment in technology and knowledge-intensive sectors (HTC) as main measure
of digital economy at regional level

The data source is Eurostat. The model used data for:
i—Romanian regions, numbered from 1 to 8;
m—number of options—42, respectively, the county numbers, NUTS 3;
k frontier = 1/ln m;
number of sectors: 1 sector HTC;
j—number of criteria 9:

# Desirable criteria 8, positive and large values are desirable; they are standardized
with the formula:

Yij =
Xij −min

(
Xij

)
max

(
Xij

)
−min

(
Xij

) (1)

# Undesirable criteria 1, negative and small values are undesirable; they are standard-
ized with the formula:

Yij =
max(Xij)− Xij

max(Xij)−min
(
Xij

) (2)

(b) Determining the weights of the indicators

In this study, we adapt the methodology developed by Zang et al. [64] for the assess-
ment of the resilience of cities in the case of the assessment of the resilience of regional labor
markets at the level of the region (8 NUTS2 regions). The determination of the weights is
calculated objectively by statistical modeling and not subjectively, based on Delphi meth-
ods, as determined by experts. The novelty of the method is represented by the inclusion of
time series weights alongside the weights determined by the entropy method. Time series
weights capture the dynamic effects of time on the indicators used as criteria.

(c) The entropy method applied in the calculation of informational entropy weights

The evaluation of the weights of informational entropy for each criterion of the re-
silience of the economic sector eliminates the informational overlaps between the indicators
and reflects the informational value of the indices. According to Zang et al. [64], these
weights—Wjt—are calculated in four steps:

• The calculation of the proportion of the county in the Yi sector achieves the normaliza-
tion of the decision matrix

Pij =
Yij

∑m
i=1 Yij

∣∣∣∣∣
t

(3)

• Entropy calculation at the county level for each criterion j, for sector Yij in year t, where
t = 2008–2021, 13 years

ej = −k ∑ PijlnPij; k =
1
1

/ ln m
∣∣∣∣
Yij,t

(4)

• Calculation of the degree of diversification g

gj = 1− ej
∣∣
Yij,t,q

(5)

• Calculation of information entropy weights
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Wjt represents the calculation of the weight of the indicator j in year t, the weights
under the 2nd-order indexes, respectively, j under the 2nd-order indexes are represented
in Equation (6).

Wjt =
gj

∑ gj

∣∣∣∣∣
q

(6)

where q is the number of under-indexes of 1st order.

(d) Calculation of time series weights

The inclusion of dynamic aspects in the modeling is achieved by calculating the
growth rate for each criterion expressed by the specific indicator, during the analyzed
period 2008–2021. The national growth rate for the entire period is broken down at the
annual and county level. Thus, the greater the weight of Wt, the greater the contribution
of the criterion/factor in the resilience of the regional labor market. The same logic is
applied if the level of the sector weights is lower; i.e., the lower the weight, the smaller the
contribution of the factor in explaining the resilience of the regional labor market.

grot: the growth rate of criterion/factor j in alternative i in year t;
Gro: the national growth rate throughout the period 2008–2021;
Cont: the contribution of the growth rate of criterion j on alternative i (county) in year t.

Cont =
grot
Gro

(7)

Wt represents the rate of the time series

Wt =
Cont

∑ Cont
(8)

The determination of the total weights Wj results from combining the weights of the
informational entropy and the weights of the time series, according to Equation (9):

Wj = ∑ Wjt ∗Wt
∣∣
t−1 (9)

(e) The model for determining the resilience of the activity sector at the county level

As a result of the pre-processing of the data, the Normalized Performance Decision
Matrix is built. The indicators in Table 1 are standardized by applying the formulas for
desirable and undesirable processes. The calculation of the indices of the static resilience
factors/criteria of the analyzed dimensions is carried out by weighting the Normalized
Performance Decision Matrix with the Wij weights:

RS1i,j=1−2 = ∑ Wij∗
[
Yij

]
, q1, t (10)

RS2i,j=3−4 = ∑ Wij∗
[
Yij

]
, q2, t (11)

RS3i,j=5−7 = ∑ Wij∗
[
Yij

]
, q3, t (12)

RS4i,j=8−9 = ∑ Wij∗
[
Yij

]
, q4, t (13)

The model to determine the resilience (of the 1st order) of the activity sector at the level
of the region is calculated with Equation (14). This index is calculated by the method of
summing the indices—multi-weighted of the factors/criteria of resilience of the economic
sectors, as follows:

RDDi,t−1 = ∑ Rq ∗Wj (14)

where q = 1–4, and q is the number of sub-indexes of first order
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3.2.3. Description of the Indicators Used in the Methodology for Calculating Dynamic and
Static Digital Resilience of Regional Labor Markets in the Context of the 4Helix Theory

To develop the model, we considered variables that can influence or provide infor-
mation about the static and dynamic DR and the role of the HEIs in this process. Table 3
presents the variables considered, which are included in the model as factors of influence
and the time series available (2008 and 2021).

Table 3. Explored indictors included in the model.

Regional Digital Economy and Society (reg_isoc) Cod Indicator Cod Varibile Unit Measure t1 t2
Employment in technology and

knowledge-intensive sectors by NUTS
2 regions and sex (from 2008 onwards, NACE Rev. 2)

[HTEC_EMP_REG2__
custom_2612992] Pop_HTC Thousands of

persons 2008 2021

Employment in technology and
knowledge-intensive sectors by NUTS

2 regions and sex (from 2008 onwards, NACE Rev. 2)
[HTEC_EMP_REG2__custom_2612992]

[HTEC_EMP_REG2__
custom_2612992] pPop_HTC

Percentage
of total

employment
2008 2021

Real growth rate of regional gross value added
(GVA) at basic prices by NUTS

2 regions—percentage change on
previous year

[NAMA_10R_2GVAGR__custom_2610636]

[NAMA_10R_2GVAGR__
custom_2610636] GVAgr % 2008 2020

Income of households by NUTS 2 regions
[NAMA_10R_2HHINC__custom_2611241]

[NAMA_10R_2HHINC__
custom_2611241] Income_pers PPS EU27

2020 HAB 2008 2020

Individuals who used the internet, frequency of use
and activities Frequency of internet access: once a

week (including every day)
(isoc_r_iuse_i) iuse Percentage of

individuals 2008 2021

Individuals who used the internet, frequency of use
and activities Frequency of internet access: Internet

use: never
(isoc_r_iuse_i) inuse Percentage of

individuals 2008 2021

Individuals who ordered goods or services over the
internet for private use (isoc_r_blt12_i) ogso

Last online
purchase: in

the 12 months
2008 2021

Households with access to the internet at home (isoc_r_iacc_h) haih Percentage of
households 2008 2021

Households with broadband access (isoc_r_broad_h) hba

Percentage of
households

with internet
access at home

2008 2021

Source: authors’ selection from Eurostat.

Table 4 presents a few more variables initially considered for the model but which
were excluded because of lack of information and minimal relevance for the study.

Table 4. Explored indictors excluded from the model.

Regional Digital Economy and Society (reg_isoc) Cod Indicator Cod Varibila Unit Measure t1 t2
Individuals who used the internet for interaction
with public authorities. Internet use: interaction

with public authorities (last 12 months)
[isoc_r_gov_i] Percentage of individuals 2011 2021

Individuals who used the internet for interaction
with public authorities. Internet use: interaction

with public authorities (last 12 months)
[isoc_r_gov_i]

Internet use: interaction
with public authorities

(last 12 months)
2011 2021

Individuals who accessed the internet away from
home or work (isoc_r_iumd_i) [isoc_r_iumd_i] Percentage of individuals 2012 2019

Individuals who have never used a computer (isoc_r_cux_i) Percentage of individuals 2008 2017
Source: authors’ selection from Eurostat.
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Details about the data used in the model for the main indicators are presented in
Tables 3 and 4. The data used are from Eurostat, and the missing data management
is presented in Tables A1–A5 in Appendix A. The missing data were replaced with the
estimated values obtained using linear regression.

3.3. MIII—The Methodology for Identifying and Profiling the 4Helix Spatial Models of Digital
Resilience of Regions from the Perspective of Evaluating the Spatial Distribution of
Universities—Romania

The 4Helix models for characterizing the digital resilience of regions from the perspec-
tive of evaluating the spatial distribution of universities were obtained by overlaying maps
of static and dynamic resilience dimensions with the map of university distribution. In
the case of simultaneous representation of disjoint characteristics of the same quantitative
variable, we apply the same method used in [65].

4. Results
4.1. Map of Universities’ Spatial Distribution in Romania

We identified five classes to optimize the spatial distribution of the higher education
institutions (HEIs) at the county level in Romania, which are presented in Figure 2.

Figure 2. HEIs distribution at the NUTS3 level, year 2019. Source: authors’ representation.

There is a non-uniform distribution of HEIs at the NUTS3 level, the highest concen-
tration being in Bucharest and Iasi, Cluj and Timis, which are the next three academic
agglomerations. We should mention the presence of research institutes in these academic
centers, which is known as the traditional location of the old universities. The gap between
Bucharest and the next level is that of three times more universities in the country capital,
which is explained by the history of education system development and the explosive
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demography and economy. Constanta, Bihor, Mures and Sibiu are on the third level
(3–5 universities) mainly determined by the past high economic development. The first
signal in regional distribution of HEIs in Romania is the concentration of the counties with
0 to 2 universities in the south and east disrupted by 3 poles of 26 compared with the central
and west regions with 5 poles of 15. This non-uniform distribution can be addressed using
the e-learning facilities [66,67] that were used during the COVID-19 pandemic, and it has
to be kept and extended in the future as a stage of DT implementation.

Table 5 presents the distribution of the HEIs at the NURS2 level (development re-
gions), giving a regional perspective. The West and Bucharest Ilfov regions do not have
counties without HEIs, and they are considered as having total coverage compared with
Sud—Muntenia, Sud Vest—Oltenia, Sud Est and Nord Vest with low coverage.

Table 5. HEIs spatial distribution characteristics.

Region Quantitative
Ranks

Rank of
Spatial

Coverage

Counties
without

HEIs

Number of
Counties in
the Region

Grade of
Spatial

Coverage
NORD VEST 2 4 4 6 0.7
NORD EST 3 2 2 6 0.3
SUD—MUNTENIA 6 3 4 7 0.6
SUD VEST—OLTENIA 7 3 3 5 0.6
BUCURESTI—ILFOV 1 1 0 2 0.0
VEST 3 1 0 4 0.0
CENTRU 4 2 2 6 0.3
SUD—EST 5 4 4 6 0.7

Source: authors’ synthesis.

4.2. Analysis of 4Helix Spatial Models of Digital Resilience of Regions from the Perspective of
Evaluating the Spatial Distribution of Universities—Romania

For a synthetic representation, we assigned ranks for indexes S1, S2, S3 and S4 and
ranked them from the most important with 1st place to the least important with the nth
place, using a step of 1. For equal values, we assigned an equal rank.

4.2.1. The 4Helix Effect in Business Use of Digital Opportunities

The sub-indexes of DDR Index S1—Digital Economy Performance is calculated using
the employment in knowledge-intensive sectors and the share in total employment in these
sectors. We consider them measurable indicators of “smart” jobs creation; they are strongly
related to the DT.

Table 6 presents the results and interpretation of static and dynamic DR with effect on
the economy.

Table 6. The 4Helix Model of Higher Education Effects in Generating Digital Economy Performance (S1).

S1—Digital Economy Performance

Region Number
of HEIs

Rank of
Spatial

Coverage

Digital
Resilience

S1

Change of
Digital

Resilience S1

Visible the Triple Helix
Effect—Business Use of
Digital Opportunities

Spatial/
Digital
Effects

NORD—VEST 2 4 3 1 Functional, positive effect Digital
CENTRU 3 2 4 4 Functional, positive effect Spatial
NORD—EST 6 3 4 1 Functional, positive effect Digital

SUD—EST 7 3 5 4 Functional, slightly
positive effect Digital

SUD—MUNTENIA 1 1 4 1 High level, not visible
+/− change Spatial

BUCURESTI—ILFOV 3 1 1 3 Important level, not functional,
negative effect Spatial

SUD VEST—OLTENIA 4 2 5 2 Not functional, negative effect Spatial
VEST 5 4 2 5 Not functional, negative effect Digital

Source: authors’ synthesis.
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In Figure 3, the comparative results for 2008 and 2021 are presented along with the
forecast for the next 15 years. We can conclude that not all the regions exhibit positive
effects of static and dynamic DR. On the contrary, some of them have developed economies
and a consistent presence of knowledge-intensive sectors, as with Bucharest–Ilfov, which
is at the top, compared to the other regions, but there is a tendency toward saturation or
constriction. This can be a signal of a dysfunctional model: one that does not capture the
gains to the real economy and to neighboring regions.

Figure 3. Static Resilience S1—Digital Economy Performance in 2008, 2021 and its change in 2021 to
2008 at the NUTS 2 level in Romania. Source: authors’ representation.

Figure 4 overlaps the distribution of the HEIs at the NURS2 level (Figure 2) and
the S1—Digital Economy Performance. The best results are recorded in Bucuresti—Ilfov
and the Vest regions, showing the transfer to the economy of the DT. The Nord—Est and
Nord—Vest and Sud—Muntenia regions, in terms of economic performance, have the
best results. We appreciate that a positive change, even small, creates the prerequisite of
a good externality from HEIs to business. Surprisingly, the Vest has the worst economic
performance. This may be explained by the effect of the bordering Western economies.
Bucuresti—Ilfov shows a slight decrease, and neighboring Sud—Muntenia is growing. This
can be explained by the demand for resources by Bucuresti—Ilfov in the past, a stage of
saturation, and the externalization process. The Sud—Est performance is low from both
perspectives, which is probably due to lower potential and competing neighbors. The
Constanta harbor does not seem to act as engine for DT performance even if transport is a
knowledge-intensive sector [68].

Our findings for S1—Digital Economy Performance are supported by the studies
that highlighted the need for a digital economy [9–11,69,70]. One of the most important
concerns of the scientists was the reflection of the digital economy toward the performance
of the companies, their finding confirming that a strong relation exists between them,
and the acceleration of DT is contributing to the company’s performance no matter the
domain [71–80]. We can appreciate that a first finding of our study reconfirms the impor-
tance of DT in DE, and our added value is that the DE performance is not similar across the
regions in accordance with facilitator or blocking factors.
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Figure 4. Static Resilience S1—Digital Economy Performance in 2008, 2021 and its change in 2021
to 2008 at NUTS 2 level in Romania and the universities (HEIs) number in 2019 at NUTS 3 level in
Romania. Source: authors’ representation.

4.2.2. The 4Helix Effect on Poverty/Wealth Increase

The second sub-index of DDR is S2—Regional and Individual Wealth, which is deter-
mined with the real growth rate of regional gross added value and income of households
at the NUTS2 level. Table 7 and Figure 5 present the results.

Table 7. The 4Helix Model of Higher Education Effects in Generating Region and Individual Wealth (S2).

S2—Regional & Individual Wealth

Region Number of
HEIs

Rank of
Spatial

Coverage

Digital
Resilience S2

Digital
Resilience
Change S2

NORD VEST 2 4 3 2
CENTRU 3 2 3 4
NORD—EST 6 3 6 5
SUD—EST 7 3 4 3
SUD—MUNTENIA 1 1 5 4
BUCURESTI—ILFOV 3 1 1 1
SUD
VEST—OLTENIA 4 2 5 5

VEST 5 4 2 2
Source: authors’ synthesis.
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Figure 5. Static Resilience S2—Region and Individual Wealth in 2008, 2021 and its change in 2021 to
2008 at NUTS 2 level in Romania. Source: authors’ representation.

Figure 6 represents regional and individual wealth at NUTS 2, which overlapped
on the HEIs regional distribution. The best result is in—Bucuresti - Ilfov, and the trend
is positive, but we cannot assign it entirely to DT, as it covers all the sectors, which are
more or less digitalized. The second place belongs to the Vest and Nord-Vest regions,
where prosperity is related to the higher economic development due to the connection
with developed economies on the adjoining Western border. The Centru region has strong
economic development, which is reflected in regional and individual wealth, but recent
growth is low, and a stagnation or regression is possible. The Sud -Est region has similar
economic behavior, which is probably sustained by Constanta harbor. The Sud Vest—
Oltenia, Sud—Muntenia and Nord Est regions all registered a significant drop in economic
development, which is higher than that of the Sud—Est region; all four regions suffered
because of under-development and competition from stronger neighboring economies.

Figure 6. Static Resilience S2—Regional and Individual Wealth in 2008, 2021 and its change in 2021
to 2008 at NUTS 2 level in Romania and the universities (HEIs) number in 2019 at NUTS 3 level in
Romania. Source: authors’ representation.
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Regional and individual wealth is reflected in inequalities in education, lifestyle, health
accessibility and rural–urban disparities or disparities between regions. The findings of
the studies on inequalities and disparities show that there are plenty of factors that require
action, and the main concern is to stimulate the economic growth in order to generate
higher income and to create economic cohesion [81–88]. In our opinion, similar with those
of [12–15,23,29,30,32], DT and existence of HEIs are increasing the potential of gaining
regional and individual wealth.

4.2.3. The 4Helix Effect on Digital Skills Use—Mainly for Consumption (E-Commerce)

The sub-indexes of DDR S3—Social Digital Use are measured based on the usage of
internet (frequency) and e-commerce activity reflected in ordering goods or services for
private use. The results are presented in Table 8 and Figure 7. The difference between
2008 and 2021 reflects the explosion of social digital use, especially in the north of the
county. Unfortunately, the south has had less explosive development, and it has even
had regression.

Table 8. The 4Helix Model of Higher Education Effects in Social Digital Use (S3).

S3—Social Digital Use

Region Number of
HEIs

Rank of
Spatial

Coverage

Digital
Resilience S3

Digital
Resilience
Change S3

NORD—VEST 2 4 3 1
CENTRU 3 2 4 1
NORD—EST 6 3 5 2
SUD—EST 7 3 8 5
SUD—MUNTENIA 1 1 7 4
BUCURESTI—ILFOV 3 1 1 5
SUD
VEST—OLTENIA 4 2 6 3

VEST 5 4 2 1
Source: authors’ synthesis.

Figure 7. Social Digital Use S3 in 2008, 2021 and its change in 2021 to 2008 at NUTS 2 level in Romania.
Source: authors’ representation.

Figure 8 presents the overlapping of the social digital use on the HEIs regional distri-
bution. The static resilience change for S3 is extremely high for the Vest, Nord-Vest and
Centru regions and can be explained by the general economic development reflected in
regional and individual wealth. With a relatively modern lifestyle, the individuals from
the Vest and Nord-Vest regions are more connected to Western digital behavior. The re-
sults for the Nord—Est region show it is more connected to technology and knowledge-
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intensive sectors. The Centru region benefits from regional economic developments. The
Sud est—Oltenia and Sud—Munetnia regions show positive change, but it is much smaller
than that of other the counties. Unexpectedly, the Bucuresti—Ilfov and Sud—Est regions
show negative change between 2008 and 2021. We can explain the change Bucuresti—Ilfov
as being due to saturation, as it had several times higher social digital use in 2008 than
other regions, but considering the COVID-19 effect, we expected a significant increase in
digital use there.

Figure 8. Social Digital Use S3 in 2008, 2021 and its change in 2021 to 2008 at NUTS 2 level
in Romania and the universities (HEIs) number in 2019 at NUTS 3 level in Romania. Source:
authors’ representation.

Social digital use is considered one of the most important elements in measuring the
digitalization even if it is measured as private–personal activity, but the digital knowl-
edge developed could be used and transferred to the learning–teaching or economic
activities [2–7,16–19]. The evaluation of social digital use and the impact on the education,
well-being, companies’ performance, etc. shows correlations and synergies to be used for
the benefit of individuals or organizations [89–98]. This comes to confirm the fact that
the presence of HEIs and the social digital use by the young generation has a significant
contribution to the DT.

It has to be mentioned that there is also a dark side of the social digital use [99–102]
reflected in philological effects on the users, which is an aspect that is not considered by
our study. Considering that we evaluate the social digital use in relation with the HISs, we
presume that more educated persons will be taught about the risks and how to prevent or
diminish them.
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4.2.4. The 4Helix Effect on Basic Digital Infrastructure Access

The last sub-index of DDR S4—Social Digital Connectivity is calculated with two
indicator households with internet and broadband access. The results are presented in
Table 9 and Figure 9.

Table 9. The 4Helix Model of Higher Education Effects in Social Digital Connectivity (S4).

S4—Social Digital Connectivity

Region Number of
HEIs

Rank of
Spatial

Coverage

Digital
Resilience S4

Digital
Resilience
Change S4

NORD—VEST 2 4 4 2
CENTRU 3 2 3 2
NORD—EST 6 3 5 2
SUD—EST 7 3 7 5
SUD—MUNTENIA 1 1 6 4
BUCURSTI—ILFOV 3 1 1 2
SUD VEST—OLTENIA 4 2 5 3
VEST 5 4 2 1

Source: authors’ synthesis.

Figure 9. Social Digital Connectivity S4 in 2008, 2021 and its change in 2021 to 2008 at NUTS 2 level
in Romania. Source: authors’ representation.

In Figure 10, we present sub-index S4—Social Digital Use and the distribution of HEIs.
The West region has the highest change with a positive effect, reaching a level close to that
of—Bucuresti - Ilfov, with a smaller positive change similar to the Nord-Vest, Nord-Est and
Centru regions. The result may be attributable to social digital use; the difference is that this
time, the Vest is behind the Nord-Est. The Sud Vest—Oltenia, Sud—Muntenia and Sud-Est
regions experienced a very small increase to a remarkably high reduction. The Sud-Est
region had very unpredictable behavior, which can be partially explained by connectivity
restrictions because of the eastern border and the Black Sea neighborhood.

Connectivity is also one of the measurement indexes of digitalization, as it creates
the facility for high-level usage. Different aspects of connectivity were analyzed by the
specialists and it can be appreciated that a good connectivity facilitates the social and
professional digital use, but the DT is not stimulated by itself, since lower connectivity can
act as a barrier [8–11,103–115].
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Figure 10. Social Digital Connectivity S4 in 2008, 2021 and its change in 2021 to 2008 at NUTS 2
level in Romania and the universities (HEIs) number in 2019 at NUTS 3 level in Romania. Source:
authors’ representation.

4.2.5. The 4Helix Effect on Regional Digital Resilience

Using the sub-indexes of DDR (S1–S4), we calculate static and dynamic digital re-
silience as an expression of a cumulative effect. The aggregated results are presented in
Table 10 and Figure 11.

Table 10. The 4Helix effect on aggregate regional digital resilience.

Region Number of
HEIs

Rank of
Spatial

Coverage

Digital
Resilience
Sum S1–S4

Digital
Resilience

Change
Sum S1–S4

NORD—VEST 2 4 16 7
NORD—EST 3 2 17 12
SUD—MUNTENIA 6 3 24 12
SUD VEST—OLTENIA 7 3 30 21
BUCURESTI—ILFOV 1 1 27 17
VEST 3 1 5 14
CENTRU 4 2 26 18
SUD-EST 5 4 10 10
Total 31 20 155 111

Source: authors’ synthesis.
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Figure 11. Digital Dynamic Resilience Index in 2009/2008 and 2021/2020 and its change from 2021 to
2009 at NUTS 2 level in Romania. Source: authors’ representation.

The aggregated results for the DDR Index show the level of DT for 2009/2008 and
2021/2020 and the change (Figure 12). The highest level is in Bucuresti—Ilfov with a small
positive change effect. It is justified by the high concentration of the HEIs covering all the
domains. The rest of the regions are divided into two main categories: North and South.
The North includes the Vest, Nord-Vest, Centru and Nord—Est regions; the last one has a
smaller positive change effect. Except for the Centru region, the other regions benefit from
the second level of HEIs agglomeration in one county led by Timisoara, Cluj-Napoca and
Iasi academic centers, which have significant tradition, potential and remarkable results.
The Centru region has a favorable DDR Index based on the existence of two counties with
three to five HEIs, a new one, and the neighborhood effect of the non-university regions,
according to Nordberg [46].

The South covers the Sud vest—Oltenia, Sud—Muntenia and Sud—Est regions. They
had a lower DDR Index for 2009 except for Sud Vest Oltenia, which had a level closer to
the North regions, but they had a negative change effect. They do not have a significant
number of HEIs except in the Sud-Est region, which included the Constanta County
(3–5 universities). Constanta is a strong economic center because of its harbor and it has
more universities, but the majority of the economic growth is specialized in civil and
military maritime activity, and the findings externalize less to the business environment.
The Sud vest—Oltenia and Sud—Muntenia regions have the lowest number of HEIs;
Craiova, Pitesti, Resita, Targoviste, Ploiesti cannot act as strong academic centers.

A second reason is the neighborhood, and here we have two negative effects, i.e.,
the influence of the resources in Bucuresti –Ilfov and their proximity to less-developed
regions. The border effect is negative because of fewer business opportunities across the
Danube River and the Black Sea. They have a huge unexplored potential in transport
tourism and harbor activities [68]. The negative effects of Bucuresti—Ilfov are seen in the
human resources attraction in the HEIs, the economy and the concentration of business
opportunities. The expected perspective is a saturation phenomenon in Bucuresti –Ilfov
and a positive outcome.

Digital resilience becomes a very important subject after the COVID-19 pandemic,
which was a crucial period in developing digitalization and increasing usage. This very
accelerated process of DT, the resilience of the organizations and their capability to adopt
the new digital tools, to increase the personnel skills, to adjust their process, products
or services, in other words to change the business concept, is an enormous challenge
to face [18,19,39,40,46–52,64,116–120]. The leading requirement of HEIs is to be on the
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front line of changing and to offer the teaching support for this transformation, which is
confirmed by our study at least for part of the regions.

Figure 12. Digital Dynamic Resilience Index in 2009/2008 and 2021/2020 and its change in 2021 to
2009 at NUTS 2 level in Romania and the universities (HEIs) number in 2019 at NUTS 3 level in
Romania. Source: authors’ representation.

5. Discussion

We start with the main research question: Are spatial 4Helix models driven by Roma-
nian universities generating regional digital resilience? Our findings suggest a positive
answer. Considering the results presented, we calculate normalized ranks for DT and DT
change and propose 4Helix models of HEI effects on regional DR. Table 11 presents the
synthesis of digital resilience ranks.

Table 11. The 4Helix effect on regional digital resilience with ranks normalization.

Region Number of
HEIs

Rank of Spatial
Coverage

Digital
Resilience

Digital
Resilience

Change
4Helix Model

NORD—EST 0.10 0.10 0.11 0.11 Functional
NORD—VEST 0.06 0.20 0.10 0.06 Functional
VEST 0.10 0.05 0.03 0.13 Partially—functional
CENTRU 0.13 0.10 0.17 0.16 Un-functional
SUD—EST 0.16 0.20 0.06 0.09 Un-functional
SUD—MUNTENIA 0.19 0.15 0.15 0.11 Un-functional
SUD VEST—OLTENIA 0.23 0.15 0.19 0.19 Un-functional
BUCURESTI—ILFOV 0.03 0.05 0.17 0.15 Un-functional
Average 0.13 0.13 0.13 0.13

Source: authors’ synthesis.
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Our analyses reveal relative inter-regional DR for the eight studied regions of Romania.
We identify three main classes of the digital resilience models of 4Helix by region: functional,
partially functional, and non-functional. The interconnection between the studied items
(digital resilience, change of digital resilience, spatial coverage, and number of HEIs) defines
the regional models in Romania.

The radar chart indicates the relative positions between the regions’ DT and DT change
effect on the DR of the regions and HEIs number and spatial coverage indexes in relation
to each region as well as in relation to the regional average. The lesson learned is clear: The
lower the index on the scale, the better the performance on the measured dimension.

The Nord—Est and Nord—Vest regions have the best models, where the HEIs are
generating the DR. The Vest has a partially functional model with HEIs that temporarily
generate DT (see Figure 13).

Figure 13. The 4Helix models driven by HEIs that generate regional DT. Source: authors’ results
and representation.

The Nord—Est region has a spatial 4Helix model driven by HEIs that generate regional
DT in Romania; the University AI Cuza from Iasi provides the leading HEIs among the
academic centers. The model is balanced; all ranks are lower than average. It has a high DR
and regional DR change that confirm a dynamic transfer from HEIs within the economy.

The second-best model is in the Nord—Vest region, as we expected. The low spatial
coverage is substituted by a high digital change effect. Babes Bolay University of Cluj
Napoca has considerable influence; because of its high internationalization and networking
with universities and businesses from the West, a remarkably high positive change effect is
generated. If we look closely at HEI distribution, they belong to the western side of the
region, while the eastern part is less covered.

The Vest region model was expected to be among the best; unfortunately, it is a
functional 4Helix from the perspective of the DR performance, but it is a non-functional and
non-sustainable model based on driven change in DT. The HEIs are generating temporarily
DT and the change of DT is slightly average, which indicates a low transfer to the business
environment and consumption base behavior. Timisoara is a powerful academic center, but
in our opinion, it exports this effect to neighboring regions and stronger Western economies
capable of attracting substantial resources.

The models for the rest of the regions are presented in Figure 14.
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Figure 14. The 4Helix models where HEIs do not generate regional DT. Source: authors’ results
and representation.

The Centru region also has a non-functional model because the HEI coverage is the
only dimension lower than average. This means that the HEIs are not strong enough to
generate DR, either static or dynamic. However, we expect the influence of the northern
regions to drive eventually a positive change. Our expectation is based on the DDR Index,
which had a significant increase in 2021 compared to 2009.

The South-East region had a good regional DR and DR change, but they are not a
result of the HEIs activity. The South-East region has no HEI spatial coverage or regional
digital infrastructure. Relatively better performance in resilience (level and dynamics)
compared to the other regions was found, but the universities here are disconnected
from the business environment and society. There are no positive externalities. As we
mentioned before, the absence of the university is not a determinant factor of a low regional
DR [46]. This region has the attributes of a functional model, but there are unidentified
blocking factors.

The model of the Sud—Muntenia region is totally non-functional; the small number of
HEIs and low coverage is reflected in low DT and a timid positive change. The influence of
neighbors is not applicable here, at least for the moment. The expectation is of the region
emerging a transfer from the Bucharest–Ilfov region after its saturation.

The classic non-functional model is in Sud –Est region; all ranks are above average,
meaning a non-existent HEIs presence and DR. This model confirms the lack of local
resources, absence of attraction force and vulnerability of resources export. In our opinion,
this is the most risky model, with a high potential to drive the region into poverty unless
specific public policies are implemented.

The model of the Bucuresti—Ilfov region is a second example of the disconnection
between HEIs and the business environment. This model has the best HEI concentration
and coverage but without effect in DT or DR change. We explain this by the specificity
of significant economic development, which is higher than that of the other regions, the
concentration of multiple resources and a saturation phenomenon. This region looks



J. Theor. Appl. Electron. Commer. Res. 2023, 18 950

like it has reached the limits of growth, and the overspill process is nearly started. This
will be first for the benefit of the Sud—Muntenia region and then the Sud –Est and Sud
Vest—Oltenia regions.

6. Conclusions

The hypothesis of our research addresses the HEIs’ internal and external impact in
generating regional DR as follows:

H1—We confirmed spatial 4Helix models that generate regional digital resilience in
Romania and identified three types of models: two functional, one partially functional
and five non-functional. The discussions focused on the spatiality and the local context
of the identified models. They represent robust results for setting regional public policies,
regional development strategies and measures to address the reported potential blocking
factors, malfunctions, dysfunctions, etc.

H2—We partially confirmed that HEIs adopt the new normal digital education. The
results confirmed that HEIs generate the regional DR and DR change, but the existence of
many non-functional models means, in our opinion, that HEIs adopt the digital education
model far too slowly. The temporary effect identified in Timis, oara University Center
indicates that given the effects of COVID-19, digital education was only an ad hoc solution.
Beyond the evident opportunities and advantages, the bulk of Romanian HEIs did not
adopt digital education as the ‘new normal’. Powerful inertia factors were the most
worrying deficiencies of these universities; they failed to establish a new mindset and
behavior of human capital among the academics, students, and graduates and not least
across the region, including business and other stakeholders. Another relevant conclusion,
especially in the context of building Smart Specialization Strategies for Sustainable and
Inclusive Growth (S4+) concerning regional integration, is the HEIs transformation for DR.
This implies the following:

(a) A huge demand for promoting digital education opportunities and advantages across
the regions;

(b) A demand for a transition from the university autonomy toward more regional
partnerships to set up a functional 4Helix model—evidently a ‘Win–Win’ model.

The originality of the present research is the measurement methodology of regional
DDR and overlapping with the spatial distribution of the HEIs in Romania. This spatial
approach gives a comprehensive picture of the analyzed topic. The synthesis represented
in Figure 12 reflects more than the calculated index and HEI distribution; it gives a broader
view of the role of neighbors in the case of the Romania’s multiple border issues, high-
lighting the discrepancies between the EU and non-EU nations. The Danube River and
Black Sea are largely unexploited resources with great potential, acting as blocking factors
instead of economic engines. Another spatial side effect highlighted by our study is the
role of the Carpathian Mountains in slowing development.

The approach brings together the two directions identified in the literature review
as main topics, i.e., the 4Helix models in regional innovation systems and the DR in the
HEIs or higher education systems as leading organizations of DT, innovation, knowledge
transfer, etc. Our study addresses them together as two sides of the same coin, and it fills
the gap with a methodology/4Helix models of HEIs generating regional DR.

The presence of universities is correlated with social digital skills and the ownership
of individuals’ soft skills. The digital business performance indicates a partial ‘Industry 4.0′

specialization in the HEIs and the strength to generate DR. Business performance indicates
different HEIs specialization profiles. A limit of the study is the uniform approach of the
HEIs no matter their specialization. A deep analysis with a more detailed distribution and
regional coverage of digital and high-tech HEIs probably will offer more information to
regional and national stakeholders. This limitation is a further research indicator.

Connectivity is correlated with wealth; digital infrastructure is expensive, and the DT
and DR are strongly dependent on it. As we saw in the South-East region, with a totally
non-functional model, regional DT and a negative change can keep or drive the region
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into poverty. Romania is an exception of connectivity having a good digital infrastructure
(household and broadband access); in general, special attention must be paid to the rural
and/or disadvantaged areas.

Finally, the HEIs are generating regional DR. To be resilient means to identify your
strengths and weakness and to find the best digital solution to adjust for future challenges.
To increase their strength and the power to generate regional DR, the HEIs must improve
in three dimensions: digital infrastructure of all teaching–learning stakeholders, highly
digital skilled human resources, and digital teaching programs.

The paradox of the present study emerges from the spatial effect discharged by the DT;
in other words, the “physical” presence of HEIs is not important if there are other triggers
of regional DR. On the contrary, HEIs with high internal DR can act, for their region, as
generators of resources, economic development, wealth, business performance, etc.

The key to building digitally resilient regions is to create widely functional 4Helix
models driven by HEIs that embrace digital education. The vital new role of HEIs is to pro-
mote pioneering behavior of human capital alongside the needed innovation, knowledge
production and intellectual transfer.

6.1. Theoretical Implications/Contributions

First of all, this study reconfirms the capability of the 4Helix model to be used for the
evaluation of complex processes such as innovation DT or DR, and it opens a window for
these types of models to be considered for other processes. The 4Helix model has become,
in our opinion, one of the most powerful tools to analyze complex modern phenomena,
and more than this, it can be the golden brick for the collaborative framework culture
and co-creation.

Secondly, the combination of the 4Helix model with the spatial–temporal model using
ArcGIS tools creates a regional perspective offering insights about the efficient and effective
usage of resources on one hand and the overtime dynamics on the other hand.

Thirdly, this kind of interplay perspective, proposed by us, offers synthetic pictures
of the analyzed process or phenomenon that enable them to be easily understood and
implemented by the end-users, maximizing the effect of the implementation.

6.2. Managerial Implications/Contributions

From the perspective of the political management, the importance of the universities,
as leading institutions in DT and knowledge transfer, has to be stated and evaluated
through public policies and strategies to accelerate the DT tools adoption. Understanding
the potential of socio-economic growth driven by the HEIs and research should shift the
behavior of policy makers from declaring education the national priority to implementing
programs and projects, enforcing it as the priority. Creating the legal framework for digital
education and the facilities to be accessible in all regions, especially in those uncovered by
the HEIs presence, is a prerequisite for DT.

At the institutional level of HEIs, there are three major implications: (1) adopting the
DT as soon as possible; (2) connecting with international HEIs and building joint digital
programs; and (3) integrating in the R&D network to be on the technological front line.
The HEIs management should consider the digital infrastructure (hard and soft), digital
programs, performance digital education tools and most importantly the digital skills of
the teaching staff. Creating an organizational culture for performance and developing the
aspiration for education for the future, the HEIs management will gather all the needed
factors for the DR implementation.

6.3. Practical Implications/Contributions

The main role of HEIs is to teach and train the labor force, especially the younger
generation on various specializations. The spread of the digital applications (AI, IoT, block
chain, e-commerce, e-banking, e-governance, etc.) in all socio-economic sectors requires
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specific digital skills for all graduates no matter their domain or education level. One
concern is to transfer the digital knowledge to the students or trainees.

The DT is impacting the business models as well. Managers will be interested, once
they understand the need of DR, in adopting the digital tools and employing highly
skilled personnel. Shifting to the modern challenges, in our case DR, offers a sustainable
development for the companies. The business environment is the beneficiary of the HEIs.

6.4. Social Implications/Contributions

One sub-index considered in the model is S2—Regional and Individual Wealth, which
measures the impact of education in economic development and the reflection in regional
and individual wealth. A better educated population has an increased chance of finding
employment. Higher education raises the potential of being employed, and a wage increase
benefits individual wealth. Regional wealth is based on the individuals, and it stimulates
the economy as well the education.

We can appreciate that education is adding value to the HR launched on the labor
market. Once entered in the companies, the HR is generating economic growth and adding
value for the employer, producing in return wage increases that transform individual
wealth. Summarizing the individual wealth, we are evaluating the regional wealth and the
public authorities’ wealth is generated in tandem (local taxes). The individual and local
public administration will raise their expectations from the HEIs forcing them to constantly
update. This synergic mechanism is reflected in the findings of study.

The value and originality of the regional DR 4Helix model comes from the theoretical
contribution to science with a dynamic regional integrated model, the capacity to be
replicated for other complex socio-economic factors, the clear and synthetized information
and insights offered, and the accessible presentation of the results that are easy to read and
used by scientists, professionals and policy makers.
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Appendix A

Table A1. Employment in technology and knowledge-intensive sectors by NUTS 2 regions and sex
(from 2008 onwards, NACE Rev. 2) (Thousands of persons).
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RO11 Nord-Vest 17.9 16.6 18.2 22.7 24.3 27.7 27.8 30.8 30.1 29.9 31.3 29.4 33.6 33.1
RO12 Centru 14.7 18.4 15.3 12.3 12.4 14.4 16.9 26.4 24.7 27.0 21.1 19.3 21.5 17.8
RO21 Nord-Est 16.3 17.9 10.9 12.6 17.1 18.0 18.1 21.3 20.7 15.8 18.1 22.9 23.2 23.7
RO22 Sud-Est 9.8 10.2 8.6 8.6 8.6 9.2 9.1 8.9 9.8 10.7 9.2 7.7 9.0 7.1
RO31 Sud—Muntenia 12.6 12.7 11.5 13.0 10.7 13.0 14.4 12.4 12.6 15.4 14.6 14.0 17.0 16.9
RO32 Bucuresti—Ilfov 54.1 60.0 60.3 62.7 72.9 75.4 71.9 82.3 83.7 108.1 109.6 107.4 114.7 122.0
RO41 Sud-Vest Oltenia 8.4 6.5 7.6 6.7 6.7 7.2 11.1 8.7 7.9 6.6 8.9 8.0 8.1 7.2
RO42 Vest 29.2 27.5 24.8 32.4 35.8 38.9 41.6 33.6 38.3 43.2 47.0 42.7 35.5 34.7

Source: Eurostat.

Table A2. Employment in technology and knowledge-intensive sectors by NUTS 2 regions and
sex (from 2008 onwards, NACE Rev. 2) (HTEC_EMP_REG2__custom_2612992) Percentage of
total employment.
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RO11 Nord-Vest 1.6 1.5 1.6 2.0 2.1 2.4 2.4 2.7 2.6 2.5 2.6 2.5 2.9 3.0
RO12 Centru 1.4 1.8 1.7 1.4 1.4 1.6 1.9 2.9 2.7 2.8 2.3 2.1 2.4 2.0
RO21 Nord-Est 1.0 1.1 0.7 0.8 1.1 1.2 1.2 1.3 1.3 1.0 1.1 1.4 1.5 1.9
RO22 Sud-Est 0.9 0.9 0.8 0.9 0.9 0.9 0.9 0.9 1.0 1.1 1.0 0.8 0.9 0.8
RO31 Sud—Muntenia 0.9 0.9 0.8 1.0 0.8 1.0 1.1 1.0 1.0 1.2 1.1 1.1 1.4 1.5
RO32 Bucuresti—Ilfov 5.2 5.8 5.7 5.8 6.9 7.2 6.8 7.6 7.6 9.6 9.6 9.3 10.0 10.7
RO41 Sud-Vest Oltenia 0.8 0.6 0.8 0.7 0.7 0.8 1.2 1.1 0.9 0.8 1.0 1.0 1.0 1.0
RO42 Vest 3.5 3.4 3.2 4.3 4.7 5.1 5.4 4.6 5.4 5.9 6.5 5.9 5.0 5.0

Source: Eurostat.

Table A3. Households with access to the internet at home (isoc_r_iacc_h).

UNIT

Households with
Access to the

Internet at Home
[isoc_r_iacc_h]

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Percentage Nord-Vest 30 39.5 42 47 57 62 63 72 76 81 87 87 90 90
Percentage Centru 26 33.5 40 44 47 53 55 68 69 72 78 84 85 90
Percentage Nord-Est 23 30.2 36 39 45 51 55 61 65 70 74 80 82 87
Percentage Sud-Est 31 37.1 39 44 53 57 58 60 69 72 73 79 81 85
Percentage Sud - Muntenia 24 32.5 36 45 50 52 52 62 66 71 76 80 83 86
Percentage Bucuresti - Ilfov 50 63.3 67 71 75 79 84 82 89 88 96 91 96 94
Percentage Sud-Vest Oltenia 27 32.9 35 43 49 53 53 65 74 77 81 84 85 87
Percentage Vest 31 43.3 47 53 61 63 68 76 74 86 86 88 91 92

Source: Eurostat.
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Table A4. Income of households by NUTS 2 regions (NAMA_10R_2HHINC__custom_2611241).

Income of Households by NUTS 2 Regions
[NAMA_10R_2HHINC__Custom_2611241]
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RO11 Nord-Vest 6100 5800 6000 6100 6600 7100 7400 7900 9000 10,100 11,000 11,500 11,374 11,911
RO12 Centru 6400 6100 6400 6400 7000 7400 7600 8100 9200 10,100 11,000 11,400 11,330 11,829
RO21 Nord-Est 4800 4500 4600 4700 5300 5700 5700 6100 6900 7700 8300 8500 8567 8951
RO22 Sud-Est 5700 5300 5700 5800 6300 6800 6800 7100 7800 8700 9400 9600 9656 10,052
RO31 Sud - Muntenia 500 5300 5400 5600 6000 6300 6400 6900 7500 8300 9000 9400 9273 9653
RO32 Bucuresti - Ilfov 13,100 11,700 13,000 12,600 12,500 13,400 13,800 15,500 17,700 20,000 20,800 22,600 21,702 22,647
RO41 Sud-Vest Oltenia 5500 5200 5400 5400 5900 6300 6300 6600 7300 8200 9000 9500 9203 9586
RO42 Vest 7300 6800 7400 7500 8300 8800 8900 9600 10,700 11,400 12,100 12,700 12,817 13,359

Source: Eurostat.

Table A5. Real growth rate of regional gross value added (GVA) at basic prices by NUTS 2 regions—percentage change on previous year [NAMA_10R_2GVAGR__
custom_2610636].

Real Growth Rate of Regional Gross Value
Added (GVA) at Basic Prices by NUTS

2 Regions—Percentage Change on Previous Year
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RO11 Nord-Vest 95.1 91.3 85.8 83.7 87.9 91.7 98.1 100 107.5 121. 124.8 132.3 128.1 131.2692
RO12 Centru 101 96 92.4 91.3 95.1 97.2 99.3 100 105.1 111.5 116.8 118.7 114.6 117.4038
RO21 Nord-Est 141.9 131.7 117.9 108.1 106. 106.3 104.1 100 99.2 103.3 102.4 101.3 98 89.62692
RO22 Sud-Est 92.6 91.7 84.4 87.1 85 94.3 98 100 102.6 107.7 110 110.3 106.3 112.4192
RO31 Sud—Muntenia 122.1 118.8 101.4 100.6 90.8 94.6 102 100 100.7 100. 100.6 98.7 95. 92.60385
RO32 Bucuresti—Ilfov 71.9 67.6 70.2 77.5 84 88.6 92.8 100 108.6 122 130.7 144.3 139.2 146.8346
RO41 Sud-Vest Oltenia 137.4 130.8 116.1 108.4 108.5 105.8 101.7 100 100. 105.5 108.6 108.7 105. 96.40769
RO42 Vest 79.8 77.1 75.7 78.5 84.9 90.1 93.5 100 108.7 116.1 124. 132.4 127.6 134.7538

Source: Eurostat.



J. Theor. Appl. Electron. Commer. Res. 2023, 18 955

References
1. Rothrock, R. Digital Resilience: Is Your Company Ready for the Next Cyber Threat? Amacom: New York, NY, USA, 2018.
2. Kohn, V. How Employees’ Digital Resilience Makes Organizations More Secure. In Proceedings of the PACIS 2020, Dubai, United

Arab Emirates, 22–24 June 2020; Available online: https://aisel.aisnet.org/pacis2020/190 (accessed on 15 February 2022).
3. Reis, J.; Amorim, M.; Melão, N.; Matos, P. Digital Transformation: A Literature Review and Guidelines for Future Research.

In Trends and Advances in Information Systems and Technologies, Proceedings of the WorldCIST’18: World Conference on Information
Systems and Technologies, Naples, Italy, 27–29 March 2018; Rocha, Á., Adeli, H., Reis, L.P., Costanzo, S., Eds.; Advances in Intelligent
Systems and Computing Series; Springer: Cham, Switzerland, 2018; Volume 745. [CrossRef]

4. Verhoef, P.C.; Broekhuizen, T.; Bart, Y.; Bhattacharya, A.; Dong, J.Q.; Fabian, N.; Haenlein, M. Digital transformation: A multi-
disciplinary reflection and research agenda. J. Bus. Res. 2021, 122, 889–901. [CrossRef]

5. Zaoui, F.; Souissi, N. Roadmap for digital transformation: A literature review. Procedia Comput. Sci. 2020, 175, 621–628. [CrossRef]
6. Sousa, M.J.; Rocha, Á. Digital learning: Developing skills for digital transformation of organizations. Future Gener. Comput. Syst.

2019, 91, 327–334. [CrossRef]
7. Tabrizi, B.; Lam, E.; Girard, K.; Irvin, V. Digital transformation is not about technology. Harv. Bus. Rev. 2019, 13, 1–6.
8. Matt, C.; Hess, T.; Benlian, A. Digital transformation strategies. Bus. Inf. Syst. Eng. 2015, 57, 339–343. [CrossRef]
9. Schwertner, K. Digital transformation of business. Trakia J. Sci. 2017, 15, 388–393. [CrossRef]
10. Kane, G.C.; Palmer, D.; Phillips, A.N.; Kiron, D.; Buckley, N. Strategy, not Technology, Drives Digital Transformation; MIT Sloan

Management Review and Deloitte University Press: New York, NY, USA, 2015; Volume 14, pp. 1–25.
11. Hinterhuber, A.; Vescovi, T.; Checchinato, F. (Eds.) Managing Digital Transformation. In Understanding the Strategic Process,

1st ed.; Routledge: London, UK, 2021. [CrossRef]
12. Bai, J.J.; Brynjolfsson, E.; Jin, W.; Steffen, S.; Wan, C. Digital Resilience: How Work-from-Home Feasibility Affects Firm Performance;

(No. w28588); National Bureau of Economic Research: Cambridge, MA, USA, 2021.
13. Reynolds, L.; Parker, L. Digital Resilience: Stronger Citizens Online; Institute for Strategic Dialogue: London, UK, 2018.
14. Cuel, R.; Ponte, D.; Virili, F. Exploring Digital Resilience; Springer: Berlin/Heidelberg, Germany, 2022.
15. Grigorescu, A.; Pelinescu, E.; Ion, A.E.; Dutcas, M.F. Human capital in digital economy: An empirical analysis of Central and

Eastern European Countries from the European Union. Sustainability 2021, 13, 2020. [CrossRef]
16. Raj, M.; Sundararajan, A.; You, C. COVID-19 and digital resilience: Evidence from Uber Eats. arXiv 2020, arXiv:2006.07204.

[CrossRef]
17. Bjola, C.; Papadakis, K. Digital propaganda, counter publics and the disruption of the public sphere: The Finnish approach to

building digital resilience. Camb. Rev. Int. Aff. 2020, 33, 638–666. [CrossRef]
18. Sharma, M.K.; Anand, N.; Roopesh, B.N.; Sunil, S. Digital resilience mediates healthy use of technology. Med. Leg. J. 2021,

90, 195–199. [CrossRef]
19. Kornacki, M.; Pietrzak, P. New Translator Training Environments: Towards Improving Translation Students’ Digital Resilience.

New Voices Transl. Stud. 2021, 24, 1–22.
20. Etzkowitz, H.; Zhou, C. The Triple Helix: University–Industry–Government Innovation and Entrepreneurship; Routledge: London, UK, 2017.
21. Leydesdorff, L. The triple helix: An evolutionary model of innovations. Res. Policy 2000, 29, 243–255. [CrossRef]
22. Cai, Y.; Lattu, A. Triple Helix or Quadruple Helix: Which Model of Innovation to Choose for Empirical Studies? Minerva 2022,

60, 257–280. [CrossRef]
23. Afonso, O.; Monteiro, S.; Thompson, M. A growth model for the quadruple helix. J. Bus. Econ. Manag. 2012, 13, 849–865.

[CrossRef]
24. Yun, J.J.; Liu, Z. Micro-and macro-dynamics of open innovation with a quadruple-helix model. Sustainability 2019, 11, 3301.

[CrossRef]
25. Carayannis, E.G.; Campbell, D.F. Triple Helix, Quadruple Helix and Quintuple Helix and how do knowledge, innovation and the

environment relate to each other? A proposed framework for a trans-disciplinary analysis of sustainable development and social
ecology. Int. J. Soc. Ecol. Sustain. Dev. (IJSESD) 2010, 1, 41–69. [CrossRef]

26. Miller, K.; McAdam, R.; McAdam, M. A systematic literature review of university technology transfer from a quadruple helix
perspective: Toward a research agenda. RD Manag. 2018, 48, 7–24. [CrossRef]

27. Hasche, N.; Höglund, L.; Linton, G. Quadruple helix as a network of relationships: Creating value within a Swedish regional
innovation system. J. Small Bus. Entrep. 2020, 32, 523–544. [CrossRef]

28. Roman, M.; Varga, H.; Cvijanovic, V.; Reid, A. Quadruple Helix models for sustainable regional innovation: Engaging and
facilitating civil society participation. Economies 2020, 8, 48. [CrossRef]

29. Kimatu, J.N. Evolution of strategic interactions from the triple to quad helix innovation models for sustainable development in
the era of globalization. J. Innov. Entrep. 2016, 5, 1–7. [CrossRef]

30. García-Terán, J.; Skoglund, A. A Processual Approach for the Quadruple Helix Model: The Case of a Regional Project in Uppsala.
J. Knowl. Econ. 2019, 10, 1272–1296. [CrossRef]

31. Okfalisa, O.; Mahyarni, M.; Anggraini, W.; Saeed, F.; Moshood, T.D.; Saktioto, S. Quadruple Helix Engagement: Reviews on
Shariah Fintech Based SMEs Digitalization Readiness. Indones. J. Electr. Eng. Inform. (IJEEI) 2022, 10, 112–122. [CrossRef]

https://aisel.aisnet.org/pacis2020/190
https://doi.org/10.1007/978-3-319-77703-0_41
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.1016/j.procs.2020.07.090
https://doi.org/10.1016/j.future.2018.08.048
https://doi.org/10.1007/s12599-015-0401-5
https://doi.org/10.15547/tjs.2017.s.01.065
https://doi.org/10.4324/9781003008637
https://doi.org/10.3390/su13042020
https://doi.org/10.2139/ssrn.3625638
https://doi.org/10.1080/09557571.2019.1704221
https://doi.org/10.1177/00258172211018337
https://doi.org/10.1016/S0048-7333(99)00063-3
https://doi.org/10.1007/s11024-021-09453-6
https://doi.org/10.3846/16111699.2011.626438
https://doi.org/10.3390/su11123301
https://doi.org/10.4018/jsesd.2010010105
https://doi.org/10.1111/radm.12228
https://doi.org/10.1080/08276331.2019.1643134
https://doi.org/10.3390/economies8020048
https://doi.org/10.1186/s13731-016-0044-x
https://doi.org/10.1007/s13132-018-0521-5
https://doi.org/10.52549/ijeei.v10i1.3455


J. Theor. Appl. Electron. Commer. Res. 2023, 18 956

32. Gogorishvili, I. Small and Medium Enterprise Perspective in the Development of Digital Economy. In Co-Creating Responsible
Futures in The Digital Age: Exploring New Paths towards Economic Social and Environmental Sustainability; Business Systems
Laboratory: Napoli, Italy, 2018; Volume 255.

33. Kuzior, A.; Kuzior, P. The quadruple helix model as a smart city design principle. Virtual Econ. 2020, 3, 39–57. [CrossRef]
34. Nataliia, K.; Antonina, D.; Maksym, D.; Artur, Z.; Ruslan, L. The higher education adaptability to the digital economy.

Научный Журнал «Вестник Нан Рк» 2020, 4, 294–306.
35. Kazakova, N.; Slavnetskova, L.; Kulikova, M.; Serdiukova, L. Evolution of universities in innovation digitalizing economy. E3S

Web Conf. 2019, 135, 01091. [CrossRef]
36. Bresinsky, M.; Reusner, F.V. GLOBE–Learn and innovate digitization by a virtual collaboration exercise and living lab. In

Interactivity, Game Creation, Design, Learning, and Innovation; Springer: Cham, Switzerland, 2017; pp. 273–281.
37. Kazakova, N.; Slavnetskova, L.; Volosevich, P. Information Technologies and University Education in Digital Economy Context.

In Proceedings of the International Conference Digital Age: Traditions, Modernity and Innovations (ICDATMI 2020), Kazan,
Russia, 24–25 September 2020; Atlantis Press: Amsterdam, The Netherlands, 2020; pp. 343–350.

38. Weller, M.; Anderson, T. Digital resilience in higher education. Eur. J. Open Distance E-Learn. 2013, 16, 53.
39. Eri, R.; Gudimetla, P.; Star, S.; Rowlands, J.; Girgla, A.; To, L.; Li, F.; Sochea, N.; Bindal, U. Digital Resilience in Higher Education

in Response to COVID-19 Pandemic: Student Perceptions from Asia and Australia. J. Univ. Teach. Learn. Pract. 2021, 18, 7.
[CrossRef]

40. Bhagat, S.; Kim, D.J. Higher education amidst COVID-19: Challenges and silver lining. Inf. Syst. Manag. 2020, 37, 366–371.
Available online: https://www.tandfonline.com/doi/full/10.1080/10580530.2020.1824040 (accessed on 15 February 2022).
[CrossRef]

41. Torres-Loredo, J.L.; Palma-Ruiz, J.M.; Saiz-Álvarez, J.M. Digital Transformation of the Quadruple Helix: Technological Man-
agement Interrelations for Sustainable Innovation. In Entrepreneurship As Practice; Ratten, V., Ed.; Springer: Singapore, 2022.
[CrossRef]

42. Aggarwal, S.; Sindakis, S. Emerging Influence of Quadruple Helix Innovation Model in the Middle East and North Africa. In
Entrepreneurial Rise in the Middle East and North Africa: The Influence of Quadruple Helix on Technological Innovation (Advanced
Strategies in Entrepreneurship, Education and Ecology); Sindakis, S., Aggarwal, S., Eds.; Emerald Publishing Limited: Bingley, UK,
2022; pp. 257–260. [CrossRef]

43. Steenkamp, R.J. The quadruple helix model of innovation for Industry 4.0. Acta Commer. 2019, 19, 1–10. [CrossRef]
44. Dileo, I.; Pini, M. The Quadruple Helix Partnerships for Enterprise Eco-Innovation in Italian Macro-Regions Under the Lens of

Smart Specialization Strategy. In Partnerships for Regional Innovation and Development; Routledge: London, UK, 2021; pp. 193–217.
45. Lew, Y.K.; Park, J.Y. The evolution of N-helix of the regional innovation system: Implications for sustainability. Sustain. Dev. 2021,

29, 453–464. [CrossRef]
46. Nordberg, K. Enabling regional growth in peripheral non-university regions: The impact of a quadruple helix intermediate

organisation. In Revolutionizing Economic and Democratic Systems; Palgrave Macmillan: Cham, Switzerland, 2017; pp. 185–217.
47. Höglund, L.; Linton, G. Smart specialization in regional innovation systems: A quadruple helix perspective. RD Manag. 2018,

48, 60–72. [CrossRef]
48. Kriz, A.; Bankins, S.; Molloy, C. Readying a region: Temporally exploring the development of an Australian regional quadruple

helix. RD Manag. 2018, 48, 25–43. [CrossRef]
49. Lew, Y.; Khan, Z.; Cozzio, S. Gravitating toward the quadruple helix: International connections for the enhancement of a regional

innovation system in Northeast Italy. RD Manag. 2018, 48, 44–59. [CrossRef]
50. Veldhuizen, C. Smart specialisation as a transition management framework: Driving sustainability-focused regional innovation

policy? Res. Policy 2020, 49, 103982. [CrossRef]
51. Grigorescu, A.; Ion, A.E.; Lincaru, C.; Pirciog, S. Synergy Analysis of Knowledge Transfer for the Energy Sector within the

Framework of Sustainable Development of the European Countries. Energies 2021, 15, 276. [CrossRef]
52. Njøs, R.; Fosse, J.K. Linking the bottom-up and top-down evolution of regional innovation systems to policy: Organizations,

support structures and learning processes. Ind. Innov. 2019, 26, 419–438. [CrossRef]
53. Anselin, L. Exploring Spatial Data with GeoDaTM: A Workbook. Cent. Spat. Integr. Soc. Sci. 2005.
54. Jenks, G.F. The Data Model Concept in Statistical Mapping. Int. Yearb. Cartogr. 1967, 7, 186–190.
55. Jenks, G.F.; Caspall, F.C. Error on choroplethic maps: Definition, measurement, reduction. Ann. Assoc. Am. Geogr. 1971,

61, 217–244. [CrossRef]
56. Fisher, R.A. The Genetical Theory of Natural Selection; Рипoл Клaссик: Moscow, Russia, 1958.
57. De Smith, M.; Goodchild, M.; Longley, P. Univariate classification schemes. In Geospatial Analysis—A Comprehensive Guide;

Troubador Publishing Ltd.: Leicestershire, UK, 2007.
58. Harvey, J.W. Magnetic Fields Associated with Solar Active-Region Prominences. Ph.D. Thesis, Univ. of Colorado, Dept. of

Astrogeophysics, Boulder, CO, USA, 1969.
59. Mitchell, V.W. Consumer perceived risk: Conceptualisations and models. Eur. J. Mark. 1999, 33, 163–195. [CrossRef]
60. Longley, P.A.; Goodchild, M.; Maguire, D.J.; Rhind, D.W. Geographic Information Systems & Science, 3rd ed.; Wiley: Hoboken,

NJ, USA, 2010.

https://doi.org/10.34021/ve.2020.03.01(2)
https://doi.org/10.1051/e3sconf/201913501091
https://doi.org/10.53761/1.18.5.7
https://www.tandfonline.com/doi/full/10.1080/10580530.2020.1824040
https://doi.org/10.1080/10580530.2020.1824040
https://doi.org/10.1007/978-981-19-4819-0_8
https://doi.org/10.1108/978-1-80071-517-220221015
https://doi.org/10.4102/ac.v19i1.820
https://doi.org/10.1002/sd.2143
https://doi.org/10.1111/radm.12306
https://doi.org/10.1111/radm.12294
https://doi.org/10.1111/radm.12227
https://doi.org/10.1016/j.respol.2020.103982
https://doi.org/10.3390/en15010276
https://doi.org/10.1080/13662716.2018.1438248
https://doi.org/10.1111/j.1467-8306.1971.tb00779.x
https://doi.org/10.1108/03090569910249229


J. Theor. Appl. Electron. Commer. Res. 2023, 18 957

61. Ambrose, S.; Slocum, N. Big Data and ArcGIS: An Introduction to ArcGIS GeoAnalytics Server, ESRI Development Summit,
18 May 2009, Online Proceedings 27. Available online: https://www.esri.com/content/dam/esrisites/en-us/events/
conferences/2020/developer-summit/big-data-and-arcgis-an-introduction-to-arcgis-geoanalytics-server.pdf (accessed on
21 March 2022).

62. Observatorul Territorial MDRAP. Available online: https://ot.mdrap.ro/website/maps/ (accessed on 17 August 2022).
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