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Abstract

This study investigates the causal relationship between research and development 
(R&D) financing and economic growth in Hong Kong over the period 1998–2022. It 
examines both public and private R&D expenditures, along with the number of re-
searchers involved in R&D, to evaluate their influence on GDP per capita. Utilizing 
advanced time series econometric techniques, including the Toda-Yamamoto causality 
approach and cointegration analysis, the results reveal a statistically significant unidi-
rectional causality from R&D expenditure to GDP per capita (χ² = 26.443, p < 0.01) 
and from researchers in R&D to GDP per capita (χ² = 38.164, p < 0.01). Additionally, 
feedback effects were observed, with GDP per capita also causing R&D expenditure 
(χ² = 17.471, p < 0.01), and R&D expenditure influencing the number of researchers 
(χ² = 6.718, p < 0.01). These findings highlight the dynamic interplay between finan-
cial inputs and human capital in R&D and underscore the importance of sustained 
investment and a skilled research workforce in fostering long-term economic growth. 
The evidence supports the strategic role of R&D policy in enhancing productivity and 
promoting economic sustainability in knowledge-based economies.
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INTRODUCTION

Human capital, defined by the scientific workforce’s knowledge, skills, 
and experience, is pivotal in driving economic growth by enhancing 
productivity, fostering innovation, and improving technological capa-
bilities. Education and skill development investments are essential for 
cultivating a competitive labor force that underpins long-term sustain-
able growth and economic development (Che Sulaiman et al., 2021). 
As economies shift toward knowledge-based industries, the relation-
ship between human capital, R&D, and economic growth has become 
increasingly important. This study examines how R&D investment 
and researcher capacity contribute to economic growth in Hong Kong, 
providing empirical support for innovation-driven growth models.

Over the past few decades, Hong Kong has undergone a notable tran-
sition towards knowledge-intensive industries, with innovation play-
ing a critical role in driving its economic transformation. The integra-
tion of R&D activities into the economic framework has been vital in 
boosting productivity and fostering sustainable development (Chan, 
2012; Shi et al., 2024). Human capital, as a fundamental driver in this 
process, has shaped the region’s development by enhancing innova-
tion capacity and increasing the technological capabilities of the work-
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force. According to the “Hong Kong Innovation Activities Statistics 2022” report, the gross domestic 
expenditure on research and development (GERD) reached HK$30,138 million in 2022, marking an 8% 
increase from the previous year and pushing the GERD-to-GDP ratio to 1.07% (HKIAS, 2023). The gov-
ernment’s commitment to fostering innovation is evident in its various initiatives, including advancing 
microelectronics and artificial intelligence R&D, supporting the Hetao Shenzhen-Hong Kong Science 
and Technology Innovation Cooperation Zone, and launching the RAISe+ Scheme to commercialize 
R&D outcomes.

The dynamic enhancement of supply chain management is integral to economic progress, and scien-
tific research constitutes a key foundation for achieving sustainable industrial development and imple-
menting green design across various domains (Lu et al., 2024; Hasanov & Safarli, 2023; Hasanov, 2023). 
Broadly speaking, the role of human capital and investment has gained critical importance in advanc-
ing the sustainability of China’s economic development (Park, 2018). In addition to direct investments 
in R&D, the government has introduced several measures to encourage R&D activities in the business 
sector. These include the establishment of R&D centers, technology parks, tax incentives, and dedicated 
funding schemes under the Innovation and Technology Fund (ITF). By the end of 2022, the ITF had 
approved HK$32.8 billion across 17 funding schemes, with approximately half allocated to supporting 
R&D activities. Despite this, businesses still primarily finance their own R&D efforts or rely on funding 
from affiliates or parent companies (ITB, 2023). The relationship between human capital and innova-
tion has been explored in Hong Kong, where human capital development is recognized as a key factor 
in economic growth and development. However, scholars such as Lai and Maclean (2011) have pointed 
out that, until 2009, efforts to attract foreign talent often overshadowed strategies to build a sustainable 
education system, raising questions about aligning this approach with Hong Kong’s ambition of transi-
tioning to a knowledge-based economy.

R&D expenditure and human capital are widely recognized as critical drivers of economic growth in 
knowledge-based economies. However, existing empirical studies tend to concentrate on developed 
Western nations or major Asian economies such as China, Japan, and South Korea, with limited atten-
tion paid to smaller high-income regions like Hong Kong (Chandra et al., 2018). As Hong Kong tran-
sitions toward an innovation-led growth model, understanding the economic impact of R&D invest-
ment and skilled research personnel becomes increasingly important. Despite policy efforts to foster 
innovation, empirical evidence on how these inputs influence economic performance remains scarce. 
This study addresses this gap by exploring the relevance of R&D and human capital in shaping growth 
within the unique context of Hong Kong’s open and structurally evolving economy.

1. LITERATURE REVIEW

Exploring the connections among R&D, human 
capital, and economic growth has become a sig-
nificant area of inquiry within development eco-
nomics, leading to a broad spectrum of theoreti-
cal and empirical research across various national 
and regional contexts. The role of R&D in driving 
economic growth has also been examined in com-
parative studies. Sharif et al. (2021) analyzed the 
impact of R&D expenditure on total factor pro-
ductivity (TFP) growth in Hong Kong, Shenzhen, 
and Singapore. Their results indicated that while 
public and private R&D contributed to TFP 
growth, their effects varied significantly across the 

regions. Hong Kong showed limited but signifi-
cant growth, Shenzhen showed no significant im-
pact, and Singapore experienced robust and posi-
tive growth. Chen et al. (2020) further explored 
the role of foreign investors as signals in reducing 
information asymmetry and enhancing the effi-
ciency of government R&D subsidies. Their study 
highlighted that those enterprises targeted by the 
Shanghai-Hong Kong Stock Connect received 
more R&D subsidies, with smaller firms, high-
tech industries, and those with a high proportion 
of intangible assets benefiting the most. Scholars 
worldwide have focused on the dependencies and 
interrelationships between R&D, human capi-
tal, and economic development. Pelinescu (2015) 
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analyzed the EU’s 2020 Strategy, which focused 
on three areas of growth: smart, sustainable, and 
inclusive, and emphasized that these goals could 
not have been achieved without the significant 
contribution of human capital, including skills 
and knowledge. Using panel methodology, the 
paper examined the role of human capital as a 
driver of growth and argued that slow investment 
in human capital had the potential to hinder the 
sustainable development of countries. Agarwalla 
and Sahu (2024) analyzed the impact of human 
capital and innovation on economic growth in 54 
developing economies, finding that government 
spending on health and education fosters growth, 
while tertiary enrollment has a short-term nega-
tive effect. The study also highlighted the positive 
role of eco-friendly innovation and emphasized 
the need for policies prioritizing human capital 
development to enhance overall economic perfor-
mance. Carillo (2024) examined the impact of hu-

man capital composition on technological prog-
ress, suggesting that the balance between higher 
and lower education levels influenced innovation 
and technology adoption, which in turn affected 
economic growth and income disparities. The 
study provided empirical evidence that technol-
ogy adoption complements technological progress 
and emphasized the importance of human capital 
composition in shaping education reforms for eco-
nomic development. In addition to the established 
scientific studies referenced, Table 1 presents other 
relevant research examples related to the topic.

Several scientific studies have been conducted on 
similar topics in Hong Kong, which serves as the 
primary focus of the current research. Lung Ka-
Lun (2012) analyzed Hong Kong’s potential for 
transitioning into a high-value-added, knowledge-
based economy, with a focus on its evolution since 
reunification with China. The study emphasizes 

Table 1. Overview of studies on R&D, human capital, and economic growth

No. Author(s) Country/Region Main Findings Methodology

1

Bilbao-Osorio 

and Rodríguez-

Pose (2004) 

European Union (Peripheral 

Regions)

Investigates the impact of R&D investments on 
innovation and economic growth in peripheral 

regions of Europe.

Two-step analysis: Impact 
of R&D on innovation and 
the effect of innovation on 

economic growth.

2 Hu et al. (2007) Hebei Province (China)
The DEA model is used to study R&D structure 
and efficiency in Hebei Province and its impact 

on economic growth.

DEA model for R&D structure 
and efficiency analysis.

3 Pessoa (2010) OECD Countries

Examines the relationship between R&D 
outlays and economic growth, questioning the 
effectiveness of innovation policies based on 

increasing R&D intensity.

Argument-based analysis with 
data comparison

4 Park (2018) China
Examines the interaction between FDI, 

R&D, and human capital and their impact on 
economic growth.

Data mining, semantic network 
analysis (SNA), and Vector Error 

Correction Model (VECM).

5
Chu and Cozzi 

(2014) 

Theoretical Analysis 
(Schumpeterian Model)

Analyzes the effects of monetary policy on 
economic growth and social welfare, focusing 

on R&D investment in a Schumpeterian 
growth model with CIA constraints.

Schumpeterian growth model 
with cash-in-advance (CIA) 

constraints.

6
Bayarcelik and 

Taşel (2012) Turkey

Investigates the relationship between 
innovation and economic growth in Turkey 

using R&D data from chemical firms listed on 
the Istanbul Stock Exchange.

Panel regression model analysis.

7
Edquist and 
Henrekson 

(2017)
Sweden

Investigates the relationship between ICT 
and R&D capital with value-added growth in 

Sweden’s business sector.

Output elasticity estimation, 
industry-level analysis, and 

growth accounting.

8
Mabrouki 

(2023) 

Scandinavian Countries 
(Denmark, Finland, Iceland, 

Norway, Sweden)

Examines the effects of human capital, 
education, and patents on economic growth in 

Scandinavian countries from 1990 to 2019.

Panel cointegration tests, CS-
ARDL model, Granger non-

causality tests.

9 Chaabouni and 
Mbarek (2024) 17 European Countries

Analyzes the relationship between human 
capital (education and health) and economic 

growth, with differing results before and after 
COVID-19.

Empirical analysis with causal 
relationships between economic 
growth, education, and health.

10
Tung and Hoang 

(2024)
Emerging Economies

Studies the relationship between economic 
growth and national R&D expenditure in 

emerging economies.

Panel cointegration test, 
empirical analysis of long-run 

relationships.
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the necessity for a supportive “horizontal” frame-
work, the maintenance of free market policies, 
and a facilitation system to encourage high-value 
economic activities, offering a unique perspective 
on Hong Kong’s future economic prospects with-
in China’s growing global influence. Chan (2022) 
examined the challenges associated with project 
valuation in Hong Kong, highlighting the necessi-
ty of transitioning towards an R&D-driven econo-
my in the face of uncertainties and lagging private 
sector investment, especially in contrast to China. 
The study suggests utilizing established valuation 
frameworks, such as Net Present Value (NPV) and 
Net Options Value (NOV), within Hong Kong’s 
public sector, offering an empirical analysis that 
aims to support economic restructuring and im-
prove the city’s competitive position through pub-
lic sector R&D initiatives. Nevertheless, a gap ex-
ists in the exploration of the impact of human cap-
ital on economic development from a purely R&D 
and scientific perspective, highlighting the need 
for further research in this domain. Although ex-
tensive research has examined the relationship be-
tween R&D, human capital, and economic growth, 
significant theoretical gaps remain. Existing stud-
ies emphasize the role of human capital and in-
novation in economic development, but often 
consider human capital as a uniform construct. 
Insufficient attention has been given to the inter-
action between cognitive, technical, and creative 
skills in enhancing R&D efficiency and sustain-
ing long-term growth, which may have distinct 
implications for technological progress and inno-
vation adoption (Hanushek & Woessmann, 2015). 
While prior research has highlighted the influence 
of R&D and scientific human capital on economic 
growth, it often overlooks the nuanced role of skill 
diversity and innovation capacity. Although vari-
ous aspects of Hong Kong’s economic transfor-
mation have been studied, the specific impact of 
human capital composition within R&D-driven 
growth remains underexplored. This study aims 
to address this gap by advancing a comprehensive 
theoretical framework that captures the multifac-
eted nature of human capital and its critical role 
in supporting R&D-led economic development 
in Hong Kong. It is hypothesized that R&D ex-
penditure exerts a positive causal effect on GDP 
per capita, and that the involvement of research-
ers in R&D activities significantly contributes to 
economic growth. Moreover, the analysis consid-

ers the possibility of a bidirectional relationship, 
where economic performance may, in turn, influ-
ence R&D investment and human capital develop-
ment, indicating a feedback loop between innova-
tion inputs and economic outcomes.

2. METHODOLOGY

The study explores the causal interplay between 
GDP per capita (LGDPPC), R&D expenditure 
(LRDE), and the number of researchers in R&D 
(LRRD) utilizing sophisticated econometric ap-
proaches. The analysis employs time series data 
for LGDPPC, LRDE, and LRRD, with each vari-
able converted into its natural logarithmic form to 
stabilize variance and enhance linearity. The da-
taset, spanning the period from 1998 to 2022, is 
obtained from authoritative international and na-
tional sources, including the World Bank (2024), 
ensuring both accuracy and relevance.

The graphs in Figure 1 illustrate a positive trajecto-
ry in the nation’s economic development. The con-
sistent rise in GDP per capita reflects continuous 
economic expansion. Additionally, the upward 
trends in R&D expenditure and the number of re-
searchers highlight an increasing focus on science 
and innovation. This investment in human capi-
tal and research will likely enhance productivity, 
boost competitiveness, and foster long-term eco-
nomic prosperity.

Table 2 presents descriptive statistics summarizing 
the central tendency, dispersion, and distribution 
shape for three variables: GDPPC, RDE, and RRD. 
The mean values indicate average levels, while stan-
dard deviations show variability around the mean, 
with skewness highlighting the distribution asym-
metry. GDPPC exhibits positive skewness, while 
RDE and RRD demonstrate negative skewness. 
Additionally, higher kurtosis values for RDE and 
RRD suggest heavier tails, indicating the presence 
of outliers, and these statistics provide a founda-
tional understanding for further analysis of the re-
lationships between the variables and their impact 
on economic growth and development.

The graphs illustrated in Figure 2 display the 
time series plots of the log-transformed variables 
LGDPPC, LRDE, and LRRD, all of which exhibit 
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Source: World Bank (2024).

Figure 1. Trends in economic development:  

GDP per capita, R&D expenditure, and researcher growth
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Table 2. Statistical overview of the variables

Variable Mean Median Std. Dev. Skewness Kurtosis Jarque–Bera

GDPPC 35208.54 32550.14 9258.69 0.290 1.551 2.539

RDE 0.742 0.749 0.160 –0.177 2.907 0.140

RRD 2902.39 3023.50 1098.95 –0.142 2.106 0.915
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upward trends. Specifically, LGDPPC indicates 
a pattern of consistent economic growth, while 
LRDE reflects an increasing, albeit fluctuating, 
trend in R&D expenditure, and LRRD demon-
strates a rise in the number of researchers involved 
in R&D, highlighting a growing commitment to 
innovation. Employing a logarithmic scale accen-
tuates relative changes and compresses large value 
ranges, which aids in the visualization of trends 
and growth rates. 

To evaluate the stationarity of the variables, the 
Augmented Dickey-Fuller (ADF) tests (1981) 
and Phillips-Perron (PP) tests (1988) are utilized. 
These tests are crucial for determining the order 
of integration of the variables, which subsequently 
guides the choice of the appropriate economet-
ric model. The ADF test, an extended version of 
the original Dickey-Fuller test, is employed to ex-

amine the presence of a unit root within the time 
series, incorporating lagged differences of the de-
pendent variable to account for higher-order serial 
correlation. In contrast, the PP test, proposed by 
Phillips and Perron, is a non-parametric approach 
that adjusts for serial correlation and heteroske-
dasticity in the error terms without the inclusion 
of lagged differences.

The optimal lag length for the Vector 
Autoregression (VAR) model is selected based on 
several criteria, including the Likelihood Ratio 
(LR) test, Final Prediction Error (FPE), Akaike 
Information Criterion (AIC), Schwarz Criterion 
(SC), and Hannan-Quinn Criterion (HQ). The 
findings suggest that a one-lag specification is op-
timal for effectively capturing the dynamic rela-
tionships among the variables while minimizing 
the risk of overfitting. 

Figure 2. Visualizing growth dynamics: Log-transformed trends of LGDPPC, LRDE, and LRRD
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The stability and reliability of the VAR model 
are verified through diagnostic tests, with the 
inverse roots of the AR characteristic polyno-
mial residing within the unit circle, thereby con-
firming model stability. Additionally, the Serial 
Correlation LM tests show no signs of serial cor-
relation, affirming the independence of the re-
siduals, while the Jarque-Bera test supports the 
normality of the residuals, and the heteroskedas-
ticity test indicates consistent variance over time.

The Johansen cointegration test (1988) serves as 
a powerful method for examining long-term as-
sociations among several time series variables, 
especially when the data are non-stationary but 
share the same integration order. This approach 
employs two key statistical measures: the trace 
statistic and the maximum eigenvalue statistic 
to identify the number of cointegrating rela-
tionships present. The presence of at least one 
cointegrating equation, as determined by the 
trace and maximum eigenvalue tests, indicates 
stable, long-term relationships among the vari-
ables. This result is crucial for comprehend-
ing the system’s dynamics and for developing 
econometric models that effectively represent 
these persistent connections.

The Toda-Yamamoto causality test (1995) is a re-
fined econometric approach employed to assess 
causal linkages between variables, even when 
they exhibit different orders of integration. This 

technique is particularly beneficial as it bypass-
es the necessity for prior cointegration tests, re-
ducing the likelihood of biases associated with 
pre-testing. Figure 3 illustrates the procedural 
steps for performing a Granger causality test. 
The process starts with identifying the maxi-
mum order of integration among the variables 
and constructing a VAR model with the optimal 
number of lags. The model is then augmented 
with additional lags corresponding to the high-
est integration order, culminating in the appli-
cation of the Wald test on the initial lags to eval-
uate Granger causality.

The Toda-Yamamoto model is applied to the da-
ta variables empirically to test the proposed hy-
potheses. This study utilizes the following equa-
tions to derive insights and provide answers to 
the research questions.

1

2 2 3 3

       

     .

t t t

t t t

GDPPC RDE RDE

RDE RDE

α β γ
γ γ ε

−

− −

∆ = + + ∆

+ ∆ + ∆ +
 (1)

1

2 2 3 3

       

     .

t t t

t t t

GDPPC RRD RRD

RRD RRD

α β γ
γ γ ε

−

− −

∆ = + + ∆

+ ∆ + ∆ +
 (2)

1

2 2 3 3

      

    .

t t t

t t t

RDE GDPPC GDPPC

GDPPC GDPPC

α β γ
γ γ ε

−

− −
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2 2 3 3

       

     .
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 (4)

Figure 3. Procedural flowchart for conducting the Toda-Yamamoto Granger causality test

SStteepp 11::  Determine Maximum Order of IntegrationAction: 

Identify the highest integration order (d_max) among the variables.

SStteepp  22::  Set Up a VAR ModelAction: 

Construct a VAR model in levels with (k) lags determined by information criteria (e.g., AIC, BIC).

SStteepp  33::  Augment the VAR ModelAction: 

Extend the VAR model by adding (d_max) additional lags, resulting in a VAR model with (k + d_max) lags.

SStteepp  44:: Conduct the Wald TestAction: 

Perform the Wald test on the first (k) lags to assess Granger causality.
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3. RESULTS AND DISCUSSION

Table 3 presents the findings from the ADF and 
PP tests conducted to evaluate the order of integra-
tion for the variables LGDPPC, LRDE, and LRRD. 
The results reveal that LGDPPC and LRRD exhibit 
non-stationarity at the level but become stationary 
upon first differencing, categorizing them as inte-
grated of order one, I(1). Conversely, LRDE is non-
stationary at both the level and first difference, ne-
cessitating second differencing to achieve station-
arity, thus classifying it as integrated of order two, 
I(2). Given the integration order of LRDE, the con-
ventional Granger causality test (1969) is rendered 
inapplicable due to the non-stationarity of the vari-
able at both the level and first difference. In such 
cases, the Toda-Yamamoto causality test is adopted 
as a robust alternative, which allows for the assess-
ment of causal relationships in the presence of in-
tegrated variables. This methodology enriches the 
Vector Autoregression (VAR) model by incorporat-
ing additional lags beyond those typically dictated 
by the order of integration. Doing so ensures that 
the residuals from the model are stationary, which 
is essential for deriving valid statistical inferences 
regarding the causal dynamics among the variables 
under consideration. Ultimately, this approach fa-
cilitates a more comprehensive understanding of 
the variables’ interactions, offering insights crucial 
for theoretical exploration and empirical analysis 
in economic research.

Table 4 presents the results of the optimal lag se-
lection criteria, which collectively indicate that a 
one-lag model is the most suitable specification for 
the VAR analysis involving R&D expenditure, the 
number of researchers in R&D, and GDP per cap-
ita. Each criterion, including the Likelihood Ratio 
(LR) test, Final Prediction Error (FPE), Akaike 
Information Criterion (AIC), Schwarz Criterion 
(SC), and Hannan-Quinn Criterion (HQ), consis-
tently identifies lag 1 as the optimal choice, sug-
gesting that this specification effectively balances 
model dynamics with the risk of overfitting. The 
analysis reveals that incorporating additional lags 
beyond one does not significantly enhance model 
accuracy, indicating that the essential informa-
tion and interactions among the variables are suf-
ficiently captured with a single lag. As a result, the 
one-lag model minimizes complexity and enhanc-
es the interpretability of the relationships among 
the variables, which is critical for ensuring robust 
and parsimonious VAR modeling.

In forming a VAR model to apply the Toda-
Yamamoto Granger causality test, the lag length 
(k) and maximum order of integration (dmax) 
must be considered. Here, d

max
 equals 2, as the 

variable LRDE is integrated of order 2 (I(2)). The 
relationship governing the model is expressed as 
k+d

max
=3. By substituting dmax into this equation, 

k = 1. Therefore, the VAR model should include 
one lag of the variables, facilitating the accurate 

Table 3. Unit root tests

 Variable Level 1st Difference 2nd Difference
The Augmented Dickey-Fuller (ADF)

LGDPPC –2.595 (0.285) –3.674 (0.045*)
LRDE –3.353 (0.085) –3.296 (0.091) –4.862 (0.004*)
LRRD 1.790 (0.677) –4.942 (0.003*)

Phillips-Perron (PP)

LGDPPC –2.614 (0.277) –3.681 (0.044*)
LRDE –1.995 (0.574) –3.342 (0.084) –8.063 (0.000*)
LRRD –1.798 (0.673) –4.950 (0.003*)

Note: * indicates significance at the 5% level based on the MacKinnon et al. (1999). 

Table 4. Var lag order selection criteria

Lag LogL LR FPE AIC SC HQ

0 40.40571 NA 7.76E-06 –3.252 –3.104563 –3.215
1 132.9278 152.862* 5.50e-09* –10.515* –9.923033* –10.366*
2 140.1775 10.086 6.73E-09 –10.363 –9.326 –10.102

Note: * indicates lag order selected by the criterion.
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testing of Granger causality while accounting for 
the integration characteristics of the variables 
involved.

In Figure 4, the Inverse Roots of the AR Charac-
teristic Polynomial demonstrate that all roots re-
side within the unit circle, affirming the VAR mod-
el’s stability. This stability guarantees that the mod-
el’s estimates are reliable and devoid of explosive 
behavior, thus rendering it appropriate for robust 
analysis.

Table 5 presents the LM tests used to evaluate se-
rial correlation in the residuals of the VAR model. 
Serial correlation occurs when residuals are corre-
lated, contravening a key assumption of the VAR 
framework. In this analysis, p-values for all lags 
are greater than 0.05, leading to the conclusion 

that we cannot reject the null hypothesis of no 
serial correlation. This finding suggests that the 
residuals are independent, indicating the mod-
el’s validity and enhancing its appropriateness for 
forecasting and policy analysis. The VAR Residual 
Serial Correlation LM Tests determine the residu-
als’ independence from the VAR model.

Table 6 outlines the outcomes of the VAR Residual 
Diagnostic Tests, which evaluated the normality 
of the VAR model’s residuals through skewness, 
kurtosis, and Jarque-Bera tests. The results indi-
cate that the residuals are normally distributed 
both individually and collectively, an essential 
criterion since normality is a key assumption for 
many statistical tests used in VAR models. This 
normal distribution of residuals signifies that the 
model is well-specified, thereby enhancing the 

Figure 4. The inverse roots of the AR characteristic polynomial

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1 0 1

Inverse Roots of AR Characteristic Polynomial

Table 5. VAR residual serial correlation LM tests

Lag LRE* stat df Prob. Rao F-stat df P-value

1 10.4237 9 0.3173 1.251073 (9, 17.2) 0.329
2 7.308928 9 0.605 0.809265 (9, 17.2) 0.6145
3 9.721772 9 0.3735 1.145624 (9, 17.2) 0.3852
4 3.519543 9 0.9401 0.354171 (9, 17.2) 0.942
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reliability of its forecasts. The Jarque-Bera test, 
which assesses the normality of residuals in the 
VAR context, yielded p-values for each component 
and the joint test greater than 0.05. Consequently, 
we fail to reject the null hypothesis of normality, 
further confirming the model’s validity by indi-
cating that the residuals adhere to a normal dis-
tribution. The VAR residual heteroskedasticity 
test assesses whether the variance of the residuals 
remains constant over time. In this instance, the 
joint test yielded a p-value of 0.2941, exceeding the 
significance level of 0.05. This outcome indicates 
that we do not reject the null hypothesis of homo-
skedasticity, implying that the residuals’ variance 
is stable across time periods. Such stability indi-
cates the model’s validity, reinforcing its appropri-
ateness for subsequent analysis and forecasting.

Table 6. VAR residual diagnostic tests

Normality Test

Component Jarque-Bera df P-value

1 0.147 2 0.928

2 0.415 2 0.812

3 1.490 2 0.474

Joint test 2.053 6 0.914

Heteroskedasticity Test

Joint test
Chi-sq df P-value

115.461 108 0.294

Table 7 presents the findings from the Johansen 
Cointegration Test, which investigates the long-
term relationship among LGDPPC, LRDE, and 
LRRD. The trace test reveals two cointegrating 
equations at the 0.05 significance level (p-value = 
0.0062), while the maximum eigenvalue test indi-
cates only one cointegrating equation (p-value = 
0.0849). Given the divergence in these results, it is 
essential to incorporate economic theory and con-
duct further analysis to ascertain the appropriate 
number of cointegrating equations. Nevertheless, 
the findings suggest that at least one long-run re-
lationship exists among the variables, which is im-
portant as it implies that fluctuations in one vari-

able will have enduring effects on the others. The 
outcomes of the Johansen cointegration test are in 
line with previous studies that have applied simi-
lar methods to explore long-term relationships 
between economic variables, thus reinforcing the 
effectiveness and reliability of cointegration tech-
niques in empirical analysis (Tuna et al., 2015; 
Dritsaki & Dritsaki, 2023).

Table 8 presents the findings of the Toda-Yamamoto 
Granger causality test, a robust technique for as-
sessing causal relationships among non-stationary 
time series variables. This methodology effectively 
addresses potential biases associated with spurious 
regression when working with non-stationary data. 
The results indicate the following causal relationships:

• R&D Expenditure and GDP per Capita: R&D 
expenditure Granger causes GDP per capita, 
suggesting that variations in R&D spending 
occur prior to changes in GDP per capita. This 
highlights the significant influence of R&D 
investment on economic growth.

• Researchers in R&D and GDP per Capita: The 
results demonstrate that researchers in R&D 
Granger cause GDP per capita, indicating that 
an increase in researchers correlates with sub-
sequent growth in GDP per capita, thereby 
underscoring the importance of human capi-
tal in driving economic development.

• GDP per Capita and R&D Expenditure: 
Additionally, GDP per capita Granger causes 
R&D expenditure, suggesting that as the 
economy expands, there is an inclination to 
allocate more resources to R&D efforts.

• R&D Expenditure and Researchers in R&D: 
Finally, R&D expenditure Granger causes 
the number of researchers in R&D, implying 
that greater investment in R&D promotes the 
growth of the research workforce.

Table 7. Johansen cointegration test

Hypothesized No. of 

CE(s)
Eigenvalue

Trace 

Statistic
0.05 Critical 

Value
P-value

Max-Eigen 

Statistic
0.05 Critical 

Value
P-value

None 0.852 56.553 29.797 0.000* 40.130 21.131 0.000*
At most 1 0.455 16.422 15.494 0.036* 12.770 14.264 0.084
At most 2 0.159 3.652 3.8414 0.056 3.652 3.841 0.056

Note: * denotes rejection of the hypothesis at the 0.05 level.
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The Granger causality test results provide sig-
nificant insights into the dynamic interactions 
between R&D, human capital, and economic 
growth. These findings suggest that implement-
ing policies to bolster R&D investment and de-
velop a strong research workforce can be instru-
mental in promoting sustained economic devel-
opment. The findings derived from the Granger 
causality test are in line with previous research 
employing analogous methodologies to examine 
causal interactions among economic variables, 
thereby substantiating the reliability of this ap-
proach in empirical analyses and underscoring 
its utility in discerning the direction of causality 
(Hong, 2017; Islam, 2025). This study extends the 
work of Boeing et al. (2022) by reaffirming the 
significant impact of R&D investments on eco-
nomic growth while emphasizing the vital role 
of human capital composition in driving inno-
vation, beyond the partial crowding-out effects 
documented in Chinese provinces. In contrast to 
Jalil et al. (2024), who focus on financial devel-
opment and regulatory influences on knowledge 
creation in emerging economies, this research 
highlights the importance of skill diversity and 
its direct contribution to R&D-led growth with-
in Hong Kong’s advanced innovation landscape. 
Collectively, these results suggest that successful 
economic growth policies should integrate both 

strategic R&D funding and the cultivation of di-
verse human capital to promote sustainable, in-
novation-driven development.

This study highlights the importance of R&D ex-
penditure and human capital in promoting sus-
tained economic growth, presenting key policy 
considerations. Policymakers should prioritize 
boosting R&D funding through direct financial 
support, tax incentives, and grants for both pub-
lic and private research entities, while simultane-
ously investing in human capital by enhancing 
educational and training programs to cultivate a 
skilled research workforce. Additionally, fostering 
innovation through policies that safeguard intel-
lectual property and encourage entrepreneurship 
can amplify the effectiveness of R&D investments. 
Despite the valuable insights, data constraints and 
the inherent complexities of causality may limit 
the study’s conclusions, and the assumptions un-
derlying the model may not be universally appli-
cable. Future research should aim to expand data 
sets, focus on sector-specific analyses, and con-
duct cross-country comparative studies for deeper 
understanding. Incorporating other factors such 
as government policies, international trade, and 
technological advancements could provide a more 
comprehensive view of the factors influencing 
economic growth.

CONCLUSION

This study examined the dynamic relationship between GDP per capita, R&D expenditure, and the 
number of researchers to assess their collective influence on economic growth. The results of the 
Johansen cointegration test provide robust evidence of a statistically significant long-term equilibrium 
among these variables. In particular, the trace statistic (56.553) and the maximum eigenvalue statistic 
(40.130) for the null hypothesis of no cointegration exceed the 5% critical values, with p-values of 0.000, 
confirming the presence of at least one cointegrating vector. Complementing this, the Toda-Yamamoto 
causality analysis reveals a unidirectional causal flow from both R&D expenditure and the number of 
researchers to GDP per capita, indicating that innovation-related inputs play a critical role in driving 
economic growth. Moreover, evidence of reverse causality from economic performance to R&D activ-
ity underscores the presence of a reinforcing feedback mechanism. Collectively, these findings high-

Table 8. Toda-Yamamoto Granger causality test

Null hypothesis Lag (k) K + Dmax Chi-squared test Result

R&D expenditure (RDE) does not cause to GDP per capita (GDPPC) 1 3 26.443 (0.000*) Reject
Researchers in R&D (RRD) do not cause GDP per capita (GDPPC) 1 3 38.164 (0.000*) Reject
GDP per capita (GDPPC) does not cause R&D expenditure (RDE) 1 3 17.471 (0.000*) Reject
R&D expenditure (RDE) does not cause Researchers in R&D (RRD) 1 3 6.718 (0.001*) Reject

Note: ** denotes rejection of the hypothesis at the 0.01 level.
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light the bidirectional and mutually enhancing relationship between innovation capacity and economic 
development. The results underscore the imperative for coherent and sustained policy strategies that 
simultaneously prioritize investment in R&D and the cultivation of research-intensive human capital. 
To advance this line of inquiry, future research should expand the analytical framework by integrating 
sector-specific dynamics, cross-country comparisons, and additional explanatory variables such as in-
stitutional quality, regulatory frameworks, and technological diffusion to deepen the understanding of 
growth trajectories in innovation-driven economies.
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