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Abstract: The role of research and development (R&D) in economic growth has been intensively
promoted by scholars and policy-makers of the last decades, emphasizing its impact on technological
innovation, intensive and sustainable growth and economic revival. The R&D sector is considered
a main driver in the fight against chronic underdevelopment, regional disparities, isolation and
lack of socio-economic perspectives. Although the steady economic growth of Romania in the last
15 years continues to converge with the European Union’s average, the regional disparities persisted
and even deepened, the country still being considered a modest innovator, and resources allocated
to research and innovation are far below the European level. In this paper, we aim to identify the
existence, direction and duration of the relationship between economic growth, expenditure and
employment in the R&D sector. We applied the Johansen cointegration test, the VECM model and
Granger causality both at the county and component region levels during the 1995–2021 period.
The results of our research reveal the consistency of these bidirectional relationships at the regional
and sub-regional levels, especially in the long run. We also emphasize the importance of economic
growth in supporting public and private efforts for R&D: the regions that can allocate more resources
to research, development and innovation (RD&I) will benefit from the more reliable and long-run-
oriented economic growth.

Keywords: regional economic development; research and development expenditures; innovation;
Romania; North-West Region

1. Introduction

Understanding the factors that determine economic growth has been a major and
constant concern of scholars and policy-makers. Since the end of the 1980s, numerous theo-
retical and empirical studies have emphasized the role of technology as an essential factor
for national and regional economic growth, based on seminal contributions through the
New Growth Theory. The role of technological change in propelling economic growth [1],
endogenous growth models [2,3], and technological diffusion and convergence [4] empha-
size that the primary force driving growth is closely tied to technology. This can occur
through its incorporation into labor [5], the expansion of the quantity of intermediate
available goods [3], or an enhancement in the quality of the relationship between these
inputs [6,7].
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Implicitly, the support and adequate public and private funding of research and
development (R&D) activities, together with an educated human capital, will drive and
spread technological innovations, increase the competitiveness of companies, contribute to
the modernization of economic structures, and will lead to the growth and prosperity of
countries, regions and local communities. However, the growth of technological capital can
also be achieved, apart from innovation, through imitation [8] or technological transfer [9].
Many developing countries, with an insufficient stock of knowledge, low-qualified human
capital, and deficient institutional structures, have resorted to this second option to reduce
the gaps and speed up economic development.

Despite the complexities, many states engage in R&D to foster domestic growth, pro-
duce competitive goods through independent efforts, decrease reliance on uncompetitive
and unsustainable domestic resources [10], and stimulate competition and entrepreneurial
spirit, etc. [11]. Reducing the technological gap requires the allocation of considerable re-
sources and deep institutional transformations, but it is often noticed that either as a result
of different allocations or due to other factors, regional development is not homogeneous.

Additionally, the rationale of our study is based on the fact that the regions of Central
and Eastern Europe (including the regions of Romania) experience non-uniform rates of
economic growth, which are more pronounced compared to other regions of the EU [12].
Thus, the benefits of development and modernization are unequally distributed in territo-
rial, social and sectoral terms, thus aggravating urban–rural disparities and the decline of
peripheral areas, leading to reduced investment in deprived areas that are further drained
by the exodus of human capital to more prosperous countries and regions [10–12]. Invest-
ments in R&D could mitigate these imbalances, underlining the importance of choosing
appropriate indicators to measure R&D efforts and their effects on economic growth [13].
Although there are several indicators that can capture the relationship between research,
development, innovation and economic growth, namely number of patents filed and trade-
marks, turnover from active R&D local units, number of projects for R&D activities, it is only the
total expenditure on R&D and individuals employed in the R&D sector that are available for a
long enough time period on a national, regional (NUTS2) or sub-regional (NUTS3) level.

In this paper, we are interested in finding, for the case of Romania and some territorial
administrative units (region and counties), if there is a positive correlation between R&D
efforts (expressed by total expenditure on R&D and individuals employed in the R&D
sector) and economic growth (Gross Domestic Product—GDP). The novelty of this study
resides in enriching the national and regional perspectives, which have already been studied
in the recent literature, with a sub-regional (county/NUTS 3) approach. The presence (or
absence) and strength of this relationship can offer insights for decision-makers at various
levels to incentivize R&D to stimulate growth. Alternatively, it may prompt a reassessment
and adjustment of policies to bolster innovation and technological progress, supporting
both regional and national economic prosperity.

The paper’s structure is as follows: after this introduction, we provide a review of
key contributions to the relationship between R&D expenditure and (regional) economic
growth. Following that, we present the context of R&D and economic development in the
Nord-West Region of Romania and selected counties, discuss the research methodology,
present the main results, and conclude with a discussion. We end with conclusions and
highlight the study’s contribution to scientific knowledge on this topic, along with its
main limitations.

2. Theoretical Overview
2.1. R&D and Economic Growth

Research and development support has a positive impact on economic growth [14,15],
creating productive external effects [16] and emphasizing sustainable innovation impacts
and spillover effects at the regional level [17,18]. According to Goel et al. [19], public
R&D expenditures allocated at the central level are essential for economic growth, the
causality being direct and positive in the long term [20], or even bidirectional [21], simulta-
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neously driving the diffusion of innovation on a regional and sectoral scale and enhancing
entrepreneurial initiatives [22].

While many recent studies establish a direct causal link between increased expenditure
on R&D, innovation, education, and sustainable economic growth, closing gaps between
countries and regions [23], numerous studies temper these optimistic claims and even
question their existence or effectiveness.

Lichtenberg [24] and Park [25] admit the positive role of R&D expenditures in private
sector growth, but their effect seems insignificant in the public sector [26], while other schol-
ars, analyzing data from developed countries, are cautious about the existence of an obvious
relationship between economic growth and R&D expenditures [27], or innovation [28,29]
or, simply, the direction of causality between the variables cannot be determined [30]. The
relationship between R&D expenditures and economic growth in developing countries is
unconvincing [31], the effects are much smaller and uneven compared to developed coun-
tries [32], or weak in the short run but strong in the long run [33]. Even in OECD countries,
although the R&D expenditures have a positive and significant effect on economic growth,
the magnitude and duration of the effects are variable in the medium and long terms [21].

Understanding the motivations and sources of R&D in relation to regional economic
growth is subject to two major explanations—the substitution and complementarity effects,
but often, the real world shows that the two explanations are not mutually exclusive [34,35].
Public funding for R&D appears to be essential in increasing the R&D capabilities of firms
and regions [36], but it does not greatly influence the commercialization and diffusion of
innovations. The motivations of companies to get involved in research and innovation are,
primarily, to increase profits and strengthen their market position [37], and this somewhat
contradicts the objectives of governmental funding for R&D—to stimulate regional growth,
reduce disparities and have a more “collective distribution” of the benefits [38–40].

Research in fundamental fields, which is perceived as riskier and less likely to produce
practical results, is typically avoided by companies and instead becomes the responsibility
of public authorities [41]. On the other hand, applied research with innovative poten-
tial is also of interest to the private sector, which suggests complementarity rather than
substitutability; specifically, public spending in R&D complements private investment
pre- and post-economic crisis [42]. However, it is controversial whether the increased
public involvement in R&D will drive and encourage more private spending in R&D [35].
Somewhat, firms improve their own technological and innovation capabilities starting from
the results of public investments in R&D [43], influencing productivity growth which, in
turn, will be reflected in a greater share of production and GDP at sectoral and regional
levels [41], or, in other words, the regions susceptible to (and equipped for) innovation are
“capable of transforming a larger share of their own R&D into innovation and economic
activity” [44] (p. 82).

2.2. R&D in the European Union and Romania

In the European Union (EU), member countries and regions have enacted public
policies to support R&D, aiming for efficient public spending and the promotion of invest-
ments in innovation [45]. These policies also target private sector growth, employment [36],
and the dynamism of small and medium-sized companies, utilizing local resources effec-
tively. The EU’s Regional Policy (Cohesion Policy—CP) has significantly backed public
and private R&D investment, particularly in lagging regions, aiming to enhance regional
competitiveness and diminish economic disparities. In the recent programming periods
(from 2007 to the present), 25% to 30% of PC funds were allocated to R&D [40].

Celli et al. [39] find that CP has had a positive and significant impact on regional
economic growth in the EU over the last 15 years, confirming the previous results of
Becker et al. [46] and Pellegrini et al. [47], but also, they find that many of the regions that
invested additional funds in R&D did not experience higher economic growth compared to
those regions that did not. Thus, Celli et al. [39] consider that increasing R&D expenditures
in lagging regions does not have a significant effect on economic growth in the short term,
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recalling here the negative or divergent influence of the lack of skilled labor, a critical
number of firms generating ambitions and entrepreneurial spirit, institutional deficiencies
and insufficient support for entrepreneurship [48,49], or in essence, the reduced and inef-
fective absorption capacity of funds dedicated to research, innovation and development
(RD&I) [50]. The literature also shows that consistent investments in R&D do not have the
same effect in less-developed regions [39]. On the one hand, this is explained by the lack
of favorable circumstances (the ability to move from technological progress to innovation,
the agglomeration of innovative firms, the quality of human capital, and the existence of
innovative value chains) [45]; on the other hand, policies that are trying to compensate
these disadvantages by providing significant incentives for R&D could overestimate the
limited absorptive capacity of underdeveloped regions. This could eventually generate
negative effects by discouraging economic recovery and growth [31–33,39]. Pop Silaghi
et al. [26] argue that the impact of private R&D spending on economic growth in Central
and Eastern European countries is much higher than the impact of public spending, and
existing regional economic structures tend to influence this perception [51].

Due to the importance of the topic and the challenges and opportunities that followed
Romania’s accession to the European Union in 2007, the relationship between R&D, innova-
tion and regional economic growth found a consistent reflection in the Romanian economic
literature. Research has shown that, in conditions where other comparative advantages
decrease, focus on innovation becomes inevitable [52–54]. However, hindered by low R&D
funding, weak national–regional coordination of technology transfer support programs [55],
and challenges in predictability and innovation diffusion [56], the contribution of RD&I to
national and regional economic growth is unsatisfactory. The limited share of innovative
companies and volatile innovation performance, concentrated in specific sectors [57] or
spatial “pockets of excellence” [58], further underscores the lack of proportionality between
R&D financing efforts and economic impact [52].

According to Dachin and Postoiu [59], innovation (supported by investments in R&D,
education, and technology transfer) still does not generate regional economic development
in Romania. However, at the sub-regional level (NUTS 3), a direct relation can be identified
between investments in R&D and the GDP/capita level. Goschin [60] (p. 33) supports,
however, the positive effect of R&D expenditures on regional economic growth in the
period 1995–2010, and “the existence of stable regional characteristics that influence the
economic growth patterns”. Therefore, when formulating regional development policies,
it is crucial to consider peculiarities and structural features [58,60], the specialization of
local RD&I systems, university involvement in technology transfer, support for innovative
entrepreneurship, and co-financing the acquisition of advanced technologies by compa-
nies [61]. Additionally, enhancing the integration of centers of excellence in research and
innovation into international networks and value chains can transform them into service
centers for other regions [58], thus aiding in the alleviation of regional disparities.

2.3. The Case of Romania in a Regional Approach

In 2020, the World Bank classified Romania (for the first time) as a country with a high
income level [62]. Regarding GDP/capita (measured in purchasing power standard—PPS),
Romania has been converging with the EU average, increasing from 44% in 2007 to 72%
in 2020. However, persistent regional disparities, with the ratio between GDP/capita in
the most prosperous and poorest regions of Romania being almost three times higher [63],
remain a challenge.

In terms of investing in RD&I, Romania ranks at the bottom of the European Union.
The RD&I system in Romania faces chronic challenges characterized by insufficient funding,
fragmentation, and unpredictability [64]. Closing the gap in Romania’s R&D system
compared to the EU may take anywhere from 5 to 25 years, depending on the indicator [65].

As per the 2019 European Innovation Scoreboard (EIS), Romania ranks at the lowest
position within the EU concerning innovation performance, having a country score of 20,
and being considered as an emerging innovator. For example, the first three countries in
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this ranking (Denmark, Sweden and Finland) have scores of above 130 points each [66].
For EU average levels, between 2015 and 2022 we can notice an increase in innovation
performance of 9.9%; however, in Romania, performance has exhibited a downward trend
in 2016–2018, and 2022. Notably, the most pronounced decline in performance in 2022 was
observed in indicators such as Innovation Expenditures per Employee and Collaborative
Initiatives among Innovative SMEs. These findings highlight a concerning pattern of
decreasing performance in specific aspects of innovation, signifying potential challenges
or areas requiring focused attention and strategic intervention. Ever since 2015, the most
significant decreases in terms of innovation-related indicators refer to environment-related
technologies, doctorate graduates and non-R&D innovation expenditures [67].

According to the NUTS classification for 2021, Romania is divided into 4 NUTS 1
macro-regions, NUTS 2 regions, and 42 NUTS 3 counties (including Bucharest) [68] (see
Figure 1 below).
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The strongest region throughout Romania (in terms of GDP/capita) is the capital
region, namely the Bucharest–Ilfov Region, with over 25,400 EUR/capita, followed by the
West Region (11,200 EUR/capita), Centre Region (10,600 EUR/capita) and North-West
Region (10,400 EUR/capita) [70]. The innovation scores for each region are the following:
Bucharest–Ilfov (59.5 points; rank within the EU: 199), North-East (35.8; 230), North-West
(34.5; 232), West (32.6; 234) Center (25.7; 236), South (23.0; 237), South-West (19.8; 238),
South-East (18.9; 239) [67].

In our analysis, we will look at the North-West Development Region (NW Region) and
two (out of six) constituent counties, namely Cluj County and Bihor County (see Figure 1).
Regarding Cluj County, out of a total county population of 741,000 inhabitants, the capital
county, namely Cluj–Napoca, has a population of 307,000 individuals [70], it being the
2nd-largest city in Romania. Cluj–Napoca is by far one of the largest and most respected
academic, cultural, industrial, and business centers in Romania, one of the main IT clusters
in Romania. Regarding Bihor County (551,000 inhabitants), the county’s capital city, Oradea
is the 10th-largest city in Romania (221,000 inhabitants), and the second-biggest city of the
NW Region, after Cluj–Napoca [70].
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3. Data Analysis and Research Methodology
3.1. Data Analysis

In order to investigate the relationship between economic growth (expressed in current
prices—million RON) (GDP) and the total expenditure on R&D (expressed in current
prices—million RON) (EXP), and also the relationship between the economic growth
(GDP) and the individuals employed in the R&D sector (full-time equivalent) (EMP), in
Romania, in the NW Region, and in the two constituent counties (namely Cluj County and
Bihor County), this analysis applies the Johansen cointegration test, the VECM model and
Granger causality. The data utilized in this study have been sourced from the National
Institute of Statistics (Romania) [70]. Given the limited availability and accessibility of data,
this research focuses on the timeframe from 1995 to 2021. Table 1 presents the descriptive
statistics for the dataset in Romania, the NW Region, Cluj County and Bihor County.

Table 1. The descriptive statistics of the variables—GDP, total expenditure on R&D (EXP) and
individuals employed in the R&D sector (EMP).

Variables Minimum Maximum Mean Median Std. Dev. Skewness Kurtosis

Romania

GDP 7648.9 957,554 411,069.7 425,691.1 310,750.5 0.218027 −1.20984

EXP 577,148 9,528,718 3,278,001 2,786,830 2,086,427 1.444748 2.458032

EMP 26,171 60,939 36,003.36 32,507 9916.696 1.735055 1.718173

NW Region

GDP 911.1 162,865.8 49,891.85 51,229 41,306.6 0.850533 0.707835

EXP 23,113 386,870 204,135.4 204,056 100,169.5 0.007063 −0.85062

EMP 1757 3919 2451.16 2352 554.2362 1.402258 1.863705

Cluj County

GDP 266.9 66,861.55 18,912.54 18,265.7 16,965.97 1.067688 1.144931

EXP 16,400 332,665 165,766.9 176,353 82,750.57 −0.19194 −0.83136

EMP 1119 2436 1738.84 1790 388.459 −0.06118 −0.74113

Bihor County

GDP 214.6 31,106.52 10,306.54 11,807.1 7841.948 0.629216 0.397997

EXP 574 76,026 10,121.72 5956 16,711.5 3.299811 11.14963

EMP 22 840 254.12 172 227.8661 0.964202 0.103342

Note: Std. Dev—standard deviation. Source: own elaboration based on data provided by the Romanian National
Institute of Statistics [70].

According to descriptive statistics, EXP and EMP variables in Cluj County exhibit
negative skewness, while in all other cases, the variables show positive skewness. In terms
of kurtosis, most variables demonstrate low kurtosis, except for the EXP variable in Bihor
County. To test for the presence of outliers, we used the interquartile range (IQR) and
applied winsorized estimators to replace extreme values with percentiles, in particular
trimmed minimum and maximum values. The application of logarithmic transformation
to the variables was employed to address issues related to asymmetry and achieve a more
symmetrical distribution of the data. The outcomes revealed a decrease in both variance
and asymmetry. To facilitate interpretation and address heteroscedasticity issues, we
transformed the variables using natural logarithms, denoted as follows: LGDP—natural
logarithm of GDP, LEXP—natural logarithm of total expenditure on R&D and economic
growth, and LEMP—natural logarithm of individuals employed in the R&D sector (full-
time equivalent).
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3.2. Methodology and Research Hypotheses

In examining the time series, we have started from the hypothesis that the observed
series are stationary. According to the literature, the majority of time series fail to meet the
condition of stationarity, attributed to the numerous changes that occur in the economic
environment. To assess the relationship and the causality among the three picked variables
in Romania, the NW Region, and two constituent counties, the initial step involved exam-
ining the stationarity of all variables. Following this, cointegration tests were conducted to
identify a long-run equilibrium relationship among the variables. The third step involved
the testing of causality between these variables.

The analysis starts by investigating the stationarity of the following variables: eco-
nomic growth (LGDP), total expenditure on R&D (LEXP) and individuals employed in
the R&D sector (LEMP). In order to test the stationarity, we have used the Augmented
Dickey–Fuller test [71]. The null hypothesis of the ADF test is the presence of a unit root, in-
dicating non-stationarity. The alternative hypothesis is the absence of a unit root, implying
stationarity. The ADF test involves estimating an autoregressive model of the form:

∆Yt = δYt−1 +
k

∑
j=1

γj∆Yt−j + α+ βt + ut (1)

where: Yt−1—the lagged dependent variable, ∆Yt−j—the lagged differenced values; ut is
the error term; the coefficients δ, γ, α, and β are the initially estimated coefficients.

To assess the existence of cointegration between the selected variables, we will employ
the method introduced by Johansen and Juselius [69], which involves testing the null
hypothesis of non-cointegration. Starting from this procedure, we will use the following
two tests: the Maximum Eigenvalue test and the likelihood ratio (LR) tests, specifically the
Trace test (LRtr) [72,73]. As stated by Engle and Granger [74], when there is cointegration
between time series, a long-run effect exists, preventing the time series from diverging.

To explore the long-term equilibrium relationship among the LGDP, LEXP and LEMP
variables, we will employ the Johansen cointegration test. Following the results obtained
from the Johansen–Juselius cointegration tests, we can determine the suitability levels by
applying the vector error correction model (VECM). Following the normalization of the
cointegrating vector in order to estimate the error correction model (ECM) of the dynamic
structure, we obtain [73]:

yt = α1 + β1xt + εt (2)

where: yt—is the dependent variable, xt—is the independent variable, α1, β1—the co-
efficients, εt—the aleatory variable. The error correction term can be obtained from the
abovementioned equation, providing valuable insights into the adjustment process of the
variables over time (Equation (1)):

ECt = yt − α1 − β1xt (3)

Thus, the equation becomes:

∆yt = a0 + δECt−1 + ∑ a1j∆yt−j + ∑ a2j∆xt−j + ut (4)

A negative and significant coefficient of the EC shows that any short-term associa-
tion between the dependent and independent variables will yield a consistent long-run
relationship between them [75].

Based on the literature review, i.e., GDP, EXP and EMP, we have formulated and
examined the following six hypotheses in the case of Romania, the NW Region, Cluj
County and Bihor County:

H1a: A long-run equilibrium defines the relationship between economic growth (GDP) and total
expenditure on R&D (EXP).
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H1b: A long-run equilibrium defines the relationship between economic growth (GDP) and
individuals employed in the R&D sector (EMP).

H2a: A unidirectional relationship exists between economic growth (GDP) and total expenditure
on R&D (EXP).

H2b: A unidirectional relationship exists between economic growth (GDP) and individuals
employed in the R&D sector (EMP).

H3a: A bidirectional relationship exists between economic growth (GDP) and total expenditure on
R&D (EXP).

H3b: A bidirectional relationship exists between economic growth (GDP) and individuals employed
in the R&D sector (EMP).

4. Results and Discussion

In most instances, economic variables tend to be non-stationary. Therefore, our initial
step involves examining the stationarity of the variables under consideration. In Table 2,
we have presented the results of the Augmented Dickey–Fuller (ADF) test for the three
analyzed variables.

Table 2. Stationarity test of data series.

LGDP
(p-Value)

LEXP
(p-Value)

LEMP
(p-Value)

Level First Diff Level First Diff Level First Diff

Romania
I(1)

−0.749
(0.869)

−1.705
(0.082)

−2.741
(0.230)

4.778
(0.004)

−1.575
(0.772)

−3.855
(0.031)

NW Region
I(1)

−1.225
(0.938)

−3.194
(0.002)

−2.775
(0.219)

−4.725
(0.005)

−2.054
(0.543)

−5.065
(0.002)

Cluj County
I(1)

−1.242
(0.940)

−3.081
(0.003)

−1.027
(0.914)

−5.418
(0.000)

−0.344
(0.549)

−6.259
(0.000)

Bihor County
I(1)

−1.149
(0.930)

−3.112
(0.003)

−0.032
(0.662)

−6.570
(0.000)

−1.285
(0.177)

−7.556
(0.000)

Note: p-values are in ( ) and the optimal lag length is determined based on Akaike, Schwarz and Hannan–Quinn
information criteria. Source: own elaboration using Eviews 12.

The ADF test results indicate that, following the first difference, the null hypothesis
is rejected for nearly all variables, considering a significance level of p-value < 0.05. How-
ever, in the case of Romania’s LGDP variable, the null hypothesis is only rejected when
considering a significance level of p-value < 0.10 after the first difference. Therefore, it
can be inferred that all variables exhibit a unit root. Since the time series become station-
ary after the first difference, it is established that these are integrated of order one, I(1).
Given that, in our case, all the variables share the same order of integration I(1) at the 10%
significance level, the condition to be cointegrated is respected. To evaluate the presence
of cointegration among the chosen variables, we will utilize the approach introduced by
Johansen and Juselius.

The results (Table 3) show the rejection of the null hypothesis suggesting a no-
cointegration relationship among the variables at the 5% significance level. Thus, we
accept the alternative hypothesis that suggests the presence of at least one cointegration
equation between the LGDP and LEXP, respectively, between the LGDP and LEMP in
the Romanian economy, the NW Region, and the Cluj and Bihor Counties. The two tests
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used in the cointegration analysis suggest that the set of time series has an error correction
representation that reflects the long-run adjustment mechanism.

Table 3. Cointegration test by Johansen and Juselius.

Series Hypothesized
No. of CE(s) Trace Statistic Max-Eigen

Statistic
Critical Value (0.05)

Trace Max-Eigen

Romania (total)

LGDP/LEXP None
At most 1

H0: r = 0
H0: r ≤ 1

41.93 **
6.82

34.66 **
6.82

25.87
12.51

19.38
12.51

LGDP/LEMP None
At most 1

H0: r = 0
H0: r ≤ 1

43.96 **
5.20

38.76 **
5.20

20.26
9.16

15.89
9.16

NW Region

LGDP/LEXP None
At most 1

H0: r = 0
H0: r ≤ 1

30.73 **
9.45

21.28 **
9.45

25.87
12.51

19.38
12.51

LGDP/LEMP None
At most 1

H0: r = 0
H0: r ≤ 1

39.36 **
6.19

33.16 **
6.19

25.87
12.51

19.38
12.51

Cluj County

LGDP/LEXP None
At most 1

H0: r = 0
H0: r ≤ 1

32.79 **
10.10

22.68 **
10.10

25.87
12.51

19.38
12.51

LGDP/LEMP None
At most 1

H0: r = 0
H0: r ≤ 1

37.10 **
4.72

32.37 **
4.72

25.87
12.51

19.38
12.51

Bihor County

LGDP/LEXP None
At most 1

H0: r = 0
H0: r ≤ 1

29.53 **
10.13

19.40 **
10.13

25.87
12.51

19.38
12.51

LGDP/LEMP None
At most 1

H0: r = 0
H0: r ≤ 1

20.91 **
2.20

18.70 **
2.20

15.49
3.84

14.26
3.84

Note: ** denotes significance (at the 5% significance level); r denotes the number of cointegrated vectors. Source:
own elaboration using Eviews 12.

Considering the results obtained after testing the cointegration between the variables,
we can state that long-run relationships exist between them. Therefore, in order to examine
the relationship between these variables, we can apply a vector error correction model
(VECM). The long-run relationship between economic growth (LGDP) and total expen-
diture on R&D (LEXP), respectively between economic growth (GDP) and individuals
employed in the R&D sector (EMP) for one cointegrating vector, is presented in Table 4.

Based on the findings provided in Table 4, we can argue that in the case of Romania,
the causal effect of the LGDP on the LEXP and on the LEMP variables is significant in the
long run. This conclusion is supported by the statistically significant nature of the estimated
adjusted coefficients (p-value > 0.05). More than that, the negative sign of these coefficients
indicates that a long-run equilibrium characterizes the relationship between the LGDP and
LEXP variables, respectively, between the LGDP and LEMP. Regarding the long-run causal
effect of the LEXP and the LEMP variables on the LGDP, the presence of negative values
suggests a long-run equilibrium in the relationship between these variables. In the case
of the causal effect of the LEXP on the LGDP, the causality is significant in the long run
only for the 10% significance level, as the value of the t-statistics is greater than 1.3160,
while in the case of the causal effect of the LEMP on the LGDP, significance in the long run
is observed at both the 5% and 1% significance levels. At the sample level, the short-run
coefficients suggest convergence from LGDP to LEXP and, likewise, from LEMP to LGDP.
Therefore, at the sample level, we can state that if the GDP at Romania’s level increases
by one unit, the total expenditure on R&D at the Romanian level will increase by 0.026
units, while if the number of individuals employed in the R&D sector increases by one unit,
the GDP will increase by 0.127 units. In terms of the short-run causal results of LGDP on
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the LEMP and of LEXP on the LGDP, the results suggest divergence and non-significant
coefficients. As such, the results confirm hypotheses H1a and H1b in the case of Romania.

Table 4. The results of VECM estimation by the OLS method.

Causality Direction
Error Correction Term

(ECT)
[t-Statistics]

Short-Run
Coefficient
[t-Statistics]

Lag Coefficient
[t-Statistics] R-Squared F-Statistic

Romania

LEXP → LGDP −0.033 *
[−1.380]

−0.808
[−0.706]

−0.047
[−0.200] 0.103 0.708

LGDP → LEXP −0.167 ***
[−7.729]

0.026
[0.822]

−0.279 **
[−1.804] 0.878 45.924 ***

LEMP → LGDP −0.087 ***
[−2.216]

0.127
[0.853]

0.194
[0.965] 0.377 3.835

LGDP → LEMP −0.125 ***
[−7.700]

−0.199
[−0.945]

−0.277 **
[−1.819] 0.867 65.723 ***

NW Region

LEXP → LGDP −0.379 ***
[−2.478]

0.977 *
[1.430]

0.114
[0.599] 0.258 2.207

LGDP → LEXP −0.154 ***
[−4.944]

0.075 *
[1.669]

0.010
[0.062] 0.784 23.060 **

LEMP → LGDP −0.082
[−1.022]

0.432 *
[1.725]

0.057
[0.289] 0.155 1.163

LGDP → LEMP −0.171 ***
[−4.677]

0.296 **
[1.868]

0.097
[0.488] 0.755 19.609 **

Cluj County

LEXP → LGDP −0.356 ***
[−2.062]

−0.617
[−0.970]

0.002
[0.013] 0.208 1.664

LGDP → LEXP −0.174 ***
[−5.459]

0.100 ***
[2.271]

−0.063
[−0.409] 0.814 27.837 **

LEMP → LGDP −0.017
[−0.580]

−0.149
[−0.408]

−0.244
[−1.224] 0.176 1.356

LGDP → LEMP −0.123 ***
[−3.866]

0.057
[ 0.471]

−0.044
[−0.197] 0.690 14.116 **

Bihor County

LEXP → LGDP −0.291 **
[−1.820]

1.471
[0.713]

−0.232
[−1.070] 0.269 2.332

LGDP → LEXP −0.202 ***
[−4.942]

0.009
[0.583]

0.061
[0.365] 0.759 19.984 **

LEMP → LGDP −0.093
[−1.038]

0.181
[0.172]

−0.494 ***
[−2.495] 0.342 3.301

LGDP → LEMP −0.175 ***
[−4.783]

0.029
[0.876]

0.039
[0.225] 0.751 19.116 **

Note: *, **, *** denote significance at the 10%, 5% and 1% confidence levels. Source: authors’ estimates using
Eviews 12.

The causal effect of the LGDP on the LEXP and on the LEMP variables in the case
of the NW Region is significant in the long run, with the estimated adjusted coefficients
demonstrating statistical significance. This is evident as the t-statistics value is greater
than 1.708 for the 5% significance level and 2.060 for the 1% significance level. Also, the
negative sign of these coefficients implies the existence of a long-run equilibrium in the
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association between the LGDP and LEXP variables, respectively between the LGDP and
LEMP. Regarding the long-run causal effect of the LEXP and the LEMP variable on the
LGDP, we can also observe negative values that presuppose a long-run equilibrium in their
relationship. The causal effect of the LEMP on the LGDP is not statistically significant
in the long run, with t-statistics below 1.3160. On the other hand, the causality of LEXP
on LGDP is significant in the long run at both the 5% and 1% significance levels. The
results confirm hypotheses H1a and H1b only partially in the case of the NW Region. The
short-run coefficients indicate convergence from LGDP to the LEXP, from LGDP to the
LEMP, and also from the LEMP to LGDP, respectively from LEXP to LGDP. Thus, the results
confirm hypotheses H2a and H2b in the case of the NW Region.

In the case of Cluj County, the causal effect of the LGDP on the LEXP and on the
LEMP variables is significant in the long run, with the estimated adjusted coefficients
demonstrating statistical significance. This is evident as the value of t-statistics is greater
than 1.708 for the 5% significance level and 2.060 for the 1% significance level. The negative
sign of these coefficients shows that a long-run equilibrium defines the relationship between
the LGDP and LEXP variables, as well as between the LGDP and LEMP. Regarding the
long-run causal effect of the LEXP and the LEMP variable on the LGDP, we have also
observed negative values, which presuppose a long-run equilibrium in their relationship.
The causal effect of the LEMP on the LGDP is not significant in the long run as the value of
t-statistics is lower than 1.3160 for the 10% significance level. In the case of the causal effect
of the LEXP on the LGDP, the causality is significant in the long-run for the 5% and 1%
significance levels. Therefore, the results confirm hypotheses H1a and H1b only partially in
the case of Cluj County. Convergence from LGDP to the LEXP is suggested by the short-run
coefficients. Therefore, we can state that if GDP at Cluj County’s level increases by one unit,
the total expenditure on R&D at Cluj County’s level will increase by 0.10 units. Thus, the
results confirm only the H2a hypothesis.

Regarding Bihor County, we can argue that the long-run causal impact of LGDP on
both the LEXP and LEMP variables is substantial, with the estimated adjusted coefficients
being statistically significant. The relationship between the LGDP and LEXP variables, as
well as between the LGDP and LEMP, is defined by a long-term equilibrium, as indicated
by the negative sign of these coefficients. Regarding the long-run causal effect of the LEXP
and the LEMP variables on the LGDP, negative values are also observed, presupposing a
long-run equilibrium characterizing the relationship between these variables. As concerns
the causal effect of the LEMP on the LGDP, the causality is not significant in the long
run as the value of t-statistics is lower than 1.3160 for the 10% significance level, while in
the case of the causal effect of the LEXP on the LGDP, the causality is significant in the
long run for the 5% and 1% significance levels. Therefore, the results confirm hypothesis
H1a, whereas it confirms H1b only partially in the case of Bihor County. The short-run
coefficients indicate convergence from the LGDP to the LEXP, from LGDP to the LEMP,
from LEXP to the LDP and from the LEMP to the LGDP, but only at the sample level. Thus,
the second hypothesis cannot be confirmed. Regarding R-squared, in the case of Bihor
County, we notice that the highest intensity of the correlation is found in the case of models
that have as an independent variable the GDP (R-squared = 0.75). Thus, we can say that at
the sample level, GDP influences to a large extent both the total expenditure on R&D and
the individuals employed in the R&D sector. We could not say the same thing if GDP were
considered as the dependent variable. Thus, according to the results, we can say that GDP
influences these two variables to a much greater extent than these two influence GDP.

We have also checked the quality of the residual, namely: the homoscedasticity, the
autocorrelation, and the normal distribution. Table 5 presents the test values and p-values
associated with the three hypotheses on the residuals listed above.
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Table 5. Residual Analysis.

Models Based on
Causality Direction

Null Hypothesis—The Errors
Are Homoscedastic

ARCH LM
(p-Value)

Null Hypothesis—The Errors
Are Independent

Breusch Godfrey LM
(p-Value)

Null Hypothesis—The Errors
Are Normally Distributed

Jarque-Bera
(p-Value)

Romania

LEXP → LGDP 18.95 (0.39) 6.92 (0.13) 0.36 (0.83)

LGDP → LEXP 18.95 (0.39) 6.92 (0.13) 0.24 (0.88)

LEMP → LGDP 23.15 (0.18) 4.37 (0.35) 0.73 (0.69)

LGDP → LEMP 21.91 (0.23) 6.69 (0.15) 0.23 (0.89)

NW Region

LEXP → LGDP 20.15 (0.32) 3.21 (0.52) 3.64 (0.16)

LGDP → LEXP 14.78 (0.67) 4.31 (0.36) 2.72 (0.25)

LEMP → LGDP 15.44 (0.63) 3.80 (0.43) 0.31 (0.85)

LGDP → LEMP 15.44 (0.63) 3.80 (0.43) 0.86 (0.64)

Cluj County

LEXP → LGDP 18.56 (0.41) 3.17 (0.52) 3.55 (0.16)

LGDP → LEXP 10.87 (0.89) 3.52 (0.47) 2.32 (0.31)

LEMP → LGDP 24.48 (0.13) 11.56 (0.02) 0.91 (0.63)

LGDP → LEMP 24.48 (0.13) 11.56 (0.02) 0.93 (0.62)

Bihor County

LEXP → LGDP 14.28 (0.71) 6.31 (0.17) 0.97 (0.61)

LGDP → LEXP 9.51 (0.94) 2.19 (0.70) 0.61 (0.73)

LEMP → LGDP 11.68 (0.86) 4.89 (0.29) 1.57 (0.45)

LGDP → LEMP 11.68 (0.86) 4.89 (0.29) 1.58 (0.45)

Source: authors’ estimates using Eviews 12.

According to the results presented in Table 5, we can affirm that the null hypothesis
is accepted for all three residual tests. This implies that the validity of the representation
of residuals in all four estimated models for Romania, the NW Region and Bihor County
is confirmed, as the associated probabilities exceed the 5% threshold (p-value > 0.05).
Consequently, the accurate representation of the residuals in the estimated models is
verified. In the case of Cluj County, the probabilities associated with the values of the
first test and the third test are higher than the 5% threshold, so the null hypothesis is
accepted, while in the case of the autocorrelation, the values of this test are higher than
the 5% threshold, but only in the case of the first two models (LGDP and LEXP). Thus,
as regards the LGDP and LEXP variables, it can be affirmed that the null hypothesis is
accepted for all three residual tests, confirming the accurate representation of the residuals
in the estimated models.

The cointegration test results indicate the presence of a long-run, stable equilibrium
among total expenditure on R&D and economic growth, respectively, among individuals
employed in the R&D sector and economic growth. This implies a causal relationship
between the variables, including GDP and R&D sector variables (LEXP and LEMP), in at
least one direction. In order to find this causality, we employed the Granger causality test.
Figure 2 illustrates both the long-run Granger causality from the exogenous variables to
endogenous variable and the one-way short-run Granger causality.
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Figure 2. The Granger causality relationship between economic growth (GDP), total expenditure on
R&D (EXP) and individuals employed in the R&D sector (EMP) in Romania (a), in the NW Region
(b), in Cluj County (c) and in Bihor County (d). Source: authors’ contribution.

The findings reveal the existence of a long-run bidirectional Granger causality between
Romania’s total expenditure on R&D (R&D) and economic growth, respectively, between
Romania’s individuals employed in the R&D sector and economic growth. Therefore,
Romania’s economic growth is the cause of Granger’s development of the Romanian R&D
sector, i.e., national economic growth can promote the long-run development of the total
expenditure on R&D and of the individuals employed in the R&D sector. We also can state
that, in the long run, Romania’s total expenditure on R&D and the individuals employed in
the R&D sector in Romania are the cause of Granger’s development of Romania’s economic
growth. The results confirm the first two hypotheses, H1a and H1b, and the last two
hypotheses, H3a and H3b.

According to Figure 2, we can argue that in the NW Region, there is a long-run uni-
directional Granger causality between total expenditure on R&D and economic growth.
According to Figure 2, we can argue that in the NW Region, there is a long-run unidirec-
tional Granger causality only from economic growth to individuals employed in the R&D
sector and a long-run bidirectional Granger causality between Romania’s NW Region’s
total expenditure on R&D and economic growth. Also, we find evidence of a long-run
bidirectional Granger causality between Romania’s NW Region’s total expenditure on
R&D and economic growth. In the short run, we have identified a bidirectional causal
relationship between Romania’s NW Region’s total expenditure on R&D and economic
growth, respectively, between Romania’s NW Region’s individuals employed in the R&D
sector and economic growth. The results confirm hypotheses H1a, H2b—only from GDP to
individuals employed in the R&D sector, H3a and H3b.

Regarding Cluj County, the results indicate the existence of a long-run bidirectional
causal relationship between the GDP and the total expenditure on R&D. Also, we have
identified a long-run unidirectional Granger causality between the individuals employed
in the R&D sector in Cluj County and the economic growth of this county. Thus, we can
conclude that the economic growth of Cluj County is the cause of Granger’s development
of the Cluj County R&D sector, i.e., the economic growth can promote the long-run develop-
ment of total expenditure on R&D and individuals employed in the R&D sector. However,
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the existence of the long-run influence of individuals employed in the R&D sector on
economic growth is doubtful. In the short run, we have identified a unidirectional causal
relationship between GDP and individuals employed in the R&D sector. The results thus
confirm hypothesis H3a, while hypothesis H3b cannot be confirmed.

Regarding Bihor County, it is notable that a long-run bidirectional Granger causality
was found only in the case of GDP and the total expenditure on R&D, while in the case of
individuals employed in the R&D sector, we have found a long-run unidirectional Granger
causality from GDP to this indicator. Thus, the economic growth of Bihor County is the
cause of Granger’s development of the Bihor County R&D sector. What is more, we can
affirm that the total expenditure on R&D from Bihor County is the cause of Granger’s
development of Bihor County GDP but only in the long run. The results confirm hypothe-
sis H3a.

As can be seen from Table 6, several hypotheses were confirmed. In general, the influ-
ence of GDP growth on total expenses and, respectively, on employment in the R&D sector
is stronger than the effect of these two variables on GDP, in the case of Romania, the Cluj
and Bihor Counties. As such, we can assume that regions with higher or better-performing
GDP levels may attract more public funds and private investments in RD&I compared to
other regions, where GDP levels are low. However, the influence that these two variables
(total R&D expenditures and employment) have on regional development is also note-
worthy, and regions already advanced and equipped for research and innovation will go
further and attract more human and material resources than other less-developed regions.

Table 6. Results of testing the hypotheses.

Hypothesis Romania NW Region Cluj County Bihor County

H1a confirmed confirmed confirmed confirmed

H1b Confirmed partially confirmed partially confirmed partially confirmed

H2a not confirmed not confirmed not confirmed not confirmed

H2b not confirmed partially confirmed partially confirmed partially confirmed

H3a confirmed confirmed confirmed confirmed

H3b confirmed confirmed not confirmed not confirmed

Source: authors’ elaboration.

The main limitations of the research consist in the incomplete number of factors
influencing the relationship between the R&D sector and GDP, as well as the specific focus
of findings, limited to a single Romanian region and two component counties. Another
limitation of the study may be that it overshadows the role of other factors that shape
economic growth (socio-economic policies, sectoral particularities, variations in economic
structures, innovation and technology diffusion, entrepreneurship).

Another limitation of our study is its focus on the efforts dedicated to innovation
(i.e., expenditure and employment in R&D activities) and not the actual results generated
by these efforts (for instance, the number of patents filed and trademarks, turnover of
innovative local units, the number of projects for R&D activities, etc.). Therefore, R&D
expenditure does not capture the actual introduction of new products, services or processes,
i.e., “expenditures will not necessarily produce outcomes in terms of output” [13] (p.18)
and can hide or roughly approximate other inputs, for example: product design, market
analysis, initial staff training, experiments. However, the indicators investigated by us
are suitable for the analysis of long-term series and therefore useful for identifying a
relationship with the relevant macroeconomic indicators, such as the evolution of GDP.
In other words, the output indicators (patents and trademarks, turnover, etc.) are more
suitable for medium-term analyses, at the micro- and meso-economic levels, but with more
limited relevance for long time series.
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Moreover, our analysis could not consider the level of autonomy in directing public
R&D expenditure at the county and regional levels, given that the development regions in
Romania are not administrative units and do not have formal powers for RD&I. Therefore,
in future studies, we intend to extrapolate these results to other time periods or regional
and national contexts but also other R&D-related indicators that were not addressed in the
present investigation.

5. Conclusions and Implications

For over three decades, experts have emphasized the vital role of technological devel-
opment, especially in RD&I, in fostering economic growth. The goals of national economic
growth are closely linked to regional development, particularly in less-resource-endowed,
peripheral, or isolated areas. Scholars have identified challenges such as a shortage of
skilled labor, insufficient innovative firms, a lack of entrepreneurial spirit, insufficient
infrastructural investments or unfavorable market dynamics, along with the inefficient use
of RD&I funds, hindering regional prosperity and individual well-being.

Our research considered the analysis of the relationship between economic growth
(expressed by GDP) and expenditure and employment in the R&D sector during the
1995–2021 period, running the Johansen cointegration test, the VECM model and Granger
causality at the level of Romania and a component region. For a better understanding of
these connections, we also deepened the analysis at the level of two counties in this region,
engaged in innovative and sustainable technological development in the last two decades.

Our research findings support the existence of a long-run bidirectional Granger causal-
ity between Romania’s total expenditure on R&D and employment in this sector, and
economic growth, respectively. We can also state that, in the long term, Romania’s total
R&D expenditures and employment directly influence the country’s economic growth.

At the regional level, the economic growth registered in the NW Region is the cause of
the Granger development of the total R&D expenditures in the long run. Reciprocally, the
NW Region’s R&D expenditures support regional economic growth. In the short run, we
also identified a bidirectional causality relationship between the NW Region’s total R&D
expenditure and economic growth. In the case of R&D employment in the NW Region,
there is a short-run Granger causality relationship to economic growth but not vice versa.

For Cluj County, economic growth supports the long-run development of R&D expen-
ditures and employment in this sector. However, the impact of R&D sector employment
on economic growth is uncertain in the long run. Short-run causality exists between GDP
and R&D sector employment. In Bihor County, there is a long-run bidirectional Granger
causality between GDP and total R&D expenditures, while a long-run unidirectional causal-
ity exists between GDP and R&D sector employment. Total R&D expenditures drive the
long-run development of Bihor County’s GDP.

Our results are consistent with previous research on the favorable role of R&D on
economic growth [24,25], stimulating innovation and economic recovery [28,29].

Previous studies [31–33] suggested that the effects of R&D spending on economic
growth are weaker in developing countries; we observed that a similar pattern exists within
a single county. Specifically, regions and counties that are better endowed in human and
investment capital, and that are better prepared for innovation, tend to display a stronger,
long-run link between R&D spending and employment and, respectively, economic growth.

Adapting RD&I policies to the national and regional specificities and comparative
advantages can significantly contribute to economic growth. The relationships identified in
our paper are, mainly, long-run relationships, and, consequently, our paper should act as a
guide for both legislators and the business sector to multiply and potentiate the positive
long-lasting effects of present-day decisions. The authorities must pay attention not only to
the R&D allocation (from the state budget or from EU or private funds) but also to their
intensity, duration and correct orientation towards technological and innovative sectors.
Also, our study emphasizes the importance of the quality of governance and the increase
in regional competencies, regarding public funding of research in fundamental fields, in
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parallel with the stimulation of private investments in applied research, profitable in the
short term. Finally, theoretical studies and practical actions must consider the propagation
at the national level of the results recorded in those regions that allocate greater public and
private resources to research and innovation, the alignment of different R&D priorities and
strategies at the national, sectoral and regional levels.

The novelty of this article resides in identifying the relationship between economic
growth, expenditure and employment in the R&D sector in Romania, focusing on a specific
development region (i.e., the Northwest Region) and two of its constituent counties. Addi-
tionally, we aimed to investigate whether the long-run or short-run relationship, as well as
the causality identified at the national level in Romania, applies to the analyzed regions
and, specifically, to the examined counties.
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