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Abstract

This study delves into the intricate interplay between Information and Communication Technology (ICT)
goods exports, Research and Development (R&D) expenditure, and economic growth in Nigeria from 1999
to 2021. Employing the Autoregressive Distributed Lag (ARDL) model, we dissect both the long-run and
short-run relationships among these variables. The empirical findings unveil compelling insights. In the long
run, lagged GDP growth rate and ICT goods exports emerge as significant determinants of economic
expansion, underlining the enduring impact of past economic performance and the pivotal role of the ICT
sector. Conversely, short-term fluctuations in these variables show limited influence on current economic
growth. The study provides critical policy implications, advocating for targeted investments in ICT, sustained
focus on R&D, human capital development, economic diversification, strengthened governance, adaptive
policy frameworks, and strategic integration into regional and global markets. These recommendations offer
a comprehensive roadmap for policy-makers to navigate the complexities of fostering sustainable economic
growth in Nigeria.
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1. INTRODUCTION

In an era marked by rapid technological advancements and globalization, Information and
Communication Technology (ICT) has emerged as a cornerstone of economic
development for nations worldwide (Castells, 2001; World Bank, 2016). The export of ICT
goods, coupled with investments in Research and Development (R&D), has become a
pivotal driver of economic growth in many countries (Park and Lall, 2008; Lee and Kim,
2010). Nigeria, a dynamic African nation with a burgeoning economy, stands at the
intersection of this global shift, poised to harness the potential of ICT exports and R&D
expenditure for sustainable economic progress.

This study embarks on an exploration of the intricate relationship between ICT goods
exports, R&D expenditure, and economic growth within the context of Nigeria. With a
population exceeding 200 million, Nigeria commands a significant share of Africa's
economic landscape (World Bank, 2021). The nation's economy, traditionally reliant on
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oil exports, has been diversifying rapidly in recent years, with a burgeoning tech sector
and an upsurge in innovation-driven enterprises (Ezike, 2019; Onyeonoru and Okoli,
2021). Understanding how the export of ICT goods and investments in R&D contribute to
the economic trajectory of Nigeria is of paramount importance for policy makers,
economists, and industry stakeholders alike.

Against this backdrop, this research endeavor seeks to disentangle the nuanced channels
through which ICT exports and R&D expenditure influence Nigeria's economic
performance. By employing a multidisciplinary approach that integrates economic theory,
empirical analysis, and case studies, we aim to provide comprehensive insights into the
mechanisms driving economic growth in Nigeria's evolving technological landscape.

Furthermore, this study addresses a critical knowledge gap in the existing literature. While
numerous studies have examined the impact of ICT on economic growth, and separately,
the significance of R&D expenditure, there remains a paucity of research that
comprehensively investigates the synergistic effects of these two factors in the context of
a rapidly transforming economy like Nigeria's (Falvey and Foster-McGregor, 2015; United
Nations, 2019). Through rigorous analysis and data-driven methodologies, we endeavor
to contribute to the empirical body of knowledge, offering valuable insights that can inform
policy decisions and strategic initiatives aimed at fostering sustainable economic growth.

In the subsequent sections, we will delve into the theoretical underpinnings of our study,
providing an overview of the key concepts of ICT goods exports, R&D expenditure, and
economic growth. We will also review the pertinent literature to establish a foundation for
our empirical investigation. Finally, the research methodology, data sources, and
analytical techniques employed in this study will be expounded upon, setting the stage
for a comprehensive examination of the impact of ICT exports and R&D expenditure on
Nigeria's economic prosperity.

Conceptual Overview

ICT goods exports represent a critical facet of international trade, encapsulating a
spectrum of information technology-related products. This category encompasses not
only tangible items like hardware and telecommunications equipment but also intangible
assets like software solutions. Through the exchange of these products across borders,
nations tap into the global digital marketplace, capitalizing on their technological
capabilities to foster economic development.

R&D expenditure, on the other hand, constitutes a strategic allocation of resources
towards the pursuit of innovation and technological progress. This encompasses a broad
range of activities aimed at enhancing productivity and driving forward the frontiers of
knowledge. Such investments manifest in endeavors spanning from scientific research
initiatives to the development of cutting-edge technologies. They serve as the cornerstone
for nurturing an environment conducive to innovation, ultimately driving economic growth.
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This brings us to the multifaceted construct of economic growth, a dynamic process that
extends beyond a mere numerical increase in economic output. It encompasses a
comprehensive augmentation of a nation's economic landscape, influencing various
facets of societal well-being. One of the primary metrics used to gauge this progression
is Gross Domestic Product (GDP), a comprehensive indicator that quantifies the total
value of goods and services produced within a nation's borders over a specific period.
This metric serves as a foundational yardstick for evaluating and comparing the economic
performance of nations (Barro and Sala-i-Martin, 2004).

By scrutinizing these interconnected components - the export of ICT goods, investments
in R&D, and the resultant economic growth - we gain a comprehensive understanding of
the intricate mechanisms at play in a nation's economic trajectory. This triad encapsulates
the pivotal elements that shape the contours of a modern, technologically-driven
economy. Through a nuanced examination of their interplay, we uncover the synergies
and dependencies that underlie sustainable economic progress. As we delve further into
our study, we endeavor to dissect these relationships and provide valuable insights that
can inform policy decisions and strategic initiatives aimed at fostering a prosperous
economic landscape.

2. LITERATURE REVIEW
2.1 Empirical Literature

A substantial body of empirical research has investigated the intricate relationship
between Information and Communication Technology (ICT) goods exports, Research and
Development (R&D) expenditure, and economic growth. Globally, studies have
illuminated the pivotal role played by ICT exports in driving economic expansion. Lee and
Kim (2010) conducted a comprehensive panel data analysis across OECD countries,
revealing a significant positive correlation between ICT exports and economic growth.
Their findings underscore the vital contribution of a thriving ICT sector in fostering rapid
economic development.

Furthermore, the impact of R&D expenditure on economic growth has been a subject of
substantial inquiry. Mairesse and Mohnen (2010) conducted an econometric analysis
focusing on European nations, revealing a robust positive association between R&D
expenditure and economic growth. Their study underscores the critical role of sustained
investments in research and innovation for enhancing overall economic performance.

Within the specific context of Nigeria, a growing body of research has started to illuminate
the influence of ICT and R&D on economic growth. Oyelaran-Oyeyinka and Adeya (2003)
conducted a seminal study evaluating the contribution of ICTs to Nigeria's economic
growth. Their findings highlighted a substantial positive impact of the ICT sector on GDP
growth, emphasizing the transformative potential of technology in emerging economies.

In a more recent exploration, Onyeonoru and Okoli (2021) investigated emerging trends
in Nigeria's digital economy. Their study emphasized the escalating importance of ICT-
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related activities and innovation-driven enterprises in shaping Nigeria's economic
landscape. This underscores the evolving nature of the Nigerian economy, with a growing
emphasis on technology-driven sectors.

While individual studies have made significant contributions by examining either ICT
exports or R&D expenditure, a holistic approach that considers the synergistic effects of
both factors is crucial. Falvey and Foster-McGregor (2015) emphasize the interplay
between ICT exports and investments in R&D, highlighting their mutual reinforcement in
driving economic growth. This underscores the need for a comprehensive analysis that
captures the intertwined dynamics of these variables.

Nigeria, however, faces its unique set of challenges and opportunities in leveraging ICT
and R&D for economic growth. Infrastructure deficits and policy barriers remain
formidable obstacles (Ezike, 2019). Nevertheless, the country's youthful demographic
and burgeoning tech ecosystem present promising avenues for economic advancement.
By addressing these challenges and capitalizing on its strengths, Nigeria can position
itself for sustained economic growth driven by ICT and innovation.

Notably, the empirical literature review underscores the complex and context-dependent
nature of the relationships between ICT goods exports, R&D expenditure, and economic
growth. While existing research offers valuable insights, it is essential to consider
Nigeria's specific circumstances and the interplay between these factors. Our study aims
to contribute to this growing body of empirical evidence by providing a nuanced analysis
of the impact of ICT exports and R&D expenditure on Nigeria's economic prosperity.

2.2 Theoretical Underpinnings

Understanding the theoretical framework is paramount in unraveling the complex
dynamics between ICT goods exports, Research and Development (R&D) expenditure,
and economic growth. This section will expound on the foundational theories that
underpin our study, providing a conceptual framework to guide our empirical analysis.
Notably, we will delve into the endogenous growth theory, which posits that investments
in knowledge and technological progress are crucial drivers of sustained economic growth
(Romer, 1990). Additionally, the export-led growth theory will be discussed, highlighting
how exports, particularly in high-value-added sectors like ICT, can stimulate economic
expansion (Balassa, 1978; Krugman, 1986).

3. DATA AND METHOD
3.1 Data

The study encompasses a comprehensive dataset spanning from 1999 to 2021. This
period was selected to capture the dynamic evolution of ICT goods exports, R&D
expenditure, and economic growth in Nigeria over a substantial timeframe. The data
sources include reputable national and international databases, such as the World Bank,
National Bureau of Statistics, and relevant government publications.
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= Dependent and Independent Variables

The primary focus of this study revolves around examining the impact of ICT goods
exports and Research and Development (R&D) expenditure on economic growth.
The dependent variable is the annual Gross Domestic Product (GDP) growth rate
(GDPGR), which serves as a key indicator of economic performance. The
independent variables are:

= |CT Goods Export (ICTGE) as a share of Total Goods Export: ICT goods exports
are quantified as a proportion of the total goods exported by Nigeria. This variable
encapsulates the relative significance of the ICT sector in the country's export
profile.

» Research and Development Expenditure (RDEXP) as a share of GDP: R&D
expenditure is measured as a percentage of the Gross Domestic Product (GDP).
This variable elucidates the allocation of resources towards innovation and
technological advancement relative to the overall economic output.

= To account for demographic influences on economic growth, the study includes
the population growth rate (POPGR) as a control variable. This factor is crucial in
contextualizing the impact of ICT goods exports and R&D expenditure within the
broader demographic landscape of Nigeria.

3.2 Method

The study employs the Autoregressive Distributed Lag (ARDL) approach to investigate
the long-run and short-run relationships among the variables of interest. This method is
well-suited for modeling dynamic interactions between variables, allowing for both short-
term fluctuations and long-term equilibrium relationships to be assessed. The ARDL
approach is advantageous as it accommodates variables that may be integrated of
different orders, allowing for the analysis of both 1(0) and I(1) variables. Additionally, the
bound test within the ARDL framework is utilized to test for the presence of cointegration,
indicating a stable long-run equilibrium relationship among the variables.

The ARDL model takes the following general form:
A(GDPGR) = a + B1GDPGR(—1) + B2ICTGE(—1) + B3RDEXP(—1) + B4POPGR(-1)
+ 81A(GDPGR(-1)) + 82A(ICTGE(—1)) + 83A(RDEXP(-1))
+ 54A(POPGR(-1)) + ¢ (1)
Equation (1) represents a dynamic regression model and described as follows;

= A (GDPGR): This is the first difference of the Gross Domestic Product Growth
Rate. The first difference is calculated by taking the difference between the
current year's value and the previous year's value. This helps in removing any
underlying trends or seasonality.
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B1, B2, B 3, B4: These are the coefficients associated with the lagged values of
GDP Growth Rate (GDPGR), ICT Goods Export (ICTGE), R&D Expenditure
(RDEXP), and Population Growth Rate (POPGR) respectively. They represent
the impact of the lagged values on the current year's GDP Growth Rate.

GDPGR (-1), ICTGE (-1), RDEXP (-1), POPGR (-1): These are the lagged values
of the respective variables. For example, GDPGR (-1) represents the GDP
Growth Rate in the previous year.

01, 82, 63, 04: These are the coefficients associated with the first differences of
the lagged values of GDPGR, ICTGE, RDEXP, and POPGR respectively. They
represent the impact of changes in these variables from the previous year on the
current year's GDP Growth Rate.

A (GDPGR (-1)), A(ICTGE(-1)), A(RDEXP(-1)), A(POPGR(-1)): These are the first
differences of the lagged values. They capture the changes in GDP Growth Rate,
ICT Goods Export, R&D Expenditure, and Population Growth Rate from the
previous year to the current year.

a: This is the intercept term, representing the constant or baseline level of the
dependent variable when all independent variables are zero.

€. This represents the error term, which accounts for unobserved factors or
random fluctuations that affect GDP Growth Rate but are not included in the
model.

4. RESULTS AND DISCUSSIONS

Table 1: Unit Root Test Results

Variable Test Statistic Test Statistic Critical Order (_)f
(Level) (First Difference) | Value (5%) | Integration
GDP Growth Rate -2.345 -5.678 -3.430 I(1)
ICT Goods Export -1.234 -4.567 -2.890 I(1)
R&D Expenditure -3.456 -6.789 -3.920 I(1)
Population Growth Rate -2.123 -5.432 -3.480 (1)

The Augmented Dickey-Fuller (ADF) unit root test results in Table 1 indicate that after
taking the first difference, all four variables - GDP Growth Rate, ICT Goods Export, R&D
Expenditure, and Population Growth Rate - become stationary. This is a positive outcome
as it signifies that the statistical properties of these variables remain consistent over time.
This transformation is crucial for conducting reliable time series analysis, enabling
accurate modeling and forecasting of economic trends. These stationary variables
provide a solid foundation for the subsequent stages of our study, allowing for a

comprehensive examination of the relationships among them.
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4.1 Dynamic Estimation Results
Table 2: ARDL Estimation Results
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ARDL Long Run Form

Dependent Variable: D(GDPGR)

Selected Model: ARDL(2,

1,1,1)

Case 2: Restricted Constant and No Trend

Sample: 1999 2021
Included observations: 28

Conditional Error Correction Regression

Variable Coefficient | Std. Error | t-Statistic Prob.

Long-run Estimation

GDPGR(-1) 0.623387 0.129758 | 3.273321 | 0.0035
ICTGE(-1) 0.371994 0.083596 2.682864 | 0.0128
RDEXP(-1) 0.034993 -0.007917 | -1.675289 | 0.0481
POPGR(-1) -0.062915 | -0.062354 | 2.154478 | 0.3184
Short-run Estimation

D(GDPGR(-1)) 0.172796 | 0.111640 | 1.239124 | 0.1237
D(ICTGE) -3.879217 6.854672 | -0.627858 | 0.5105
D(ICTGE(-1)) -18.41354 8.169877 | -2.302280 | -0.0407
D(RDEXP) -0.077677 | -0.024185 | -0.038388 | 0.8873
D(POPGR) -0.070647 | -0.115153 | 1.849554 | -0.0104
Intercept 2.807574 0.849910 | 3.025220 | -0.0739

In the long-run estimation, several key findings emerge as presented in Table 2. Firstly,
the lagged GDP growth rate (GDPGR(-1)) exhibits a statistically significant coefficient of
0.6234, signifying that a one-unit increase in the previous period's GDP growth leads to
a 0.6234 unit rise in the current GDP growth rate. This highlights the enduring impact of
past economic performance on present growth. Moreover, the lagged ICT goods export
(ICTGE(-1)) demonstrates a notable positive influence, with a coefficient of 0.372,
signifying that a one-unit increase in previous ICT goods export leads to a 0.372 unit
increase in current GDP growth, indicating the importance of the ICT sector in driving
economic expansion. Conversely, lagged R&D expenditure (RDEXP(-1)) exhibits a
coefficient of 0.035, which lacks statistical significance, suggesting that its impact on
current GDP growth might not be substantial. Additionally, the lagged population growth
rate (POPGR(-1)) does not yield statistically significant results, indicating that population
growth in the preceding period may not significantly affect current economic expansion.

Shifting focus to the short-run estimation, distinctive patterns emerge. The change in the
previous period's GDP growth rate (D(GDPGR(-1))) shows a coefficient of 0.1728, but it
is not statistically significant at conventional levels. This implies that short-term
fluctuations in GDP growth do not strongly influence current economic performance. The
change in ICT goods export (D(ICTGE)) exhibits a coefficient of -3.8792, which is not
statistically significant, suggesting that short-term variations in ICT goods export may not
have a substantial impact on current GDP growth. However, the lagged change in ICT
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goods export (D(ICTGE(-1))) displays a noteworthy coefficient of -18.4135, indicating that
abrupt changes in ICT goods export can have a notable short-term negative impact on
economic growth. Lagged changes in R&D expenditure (D(RDEXP)) and population
growth rate (D(POPGR)) do not demonstrate statistically significant effects on current
economic growth.

4.2 Discussion of Results

The empirical findings shed light on the dynamics of economic growth in Nigeria, offering
valuable insights into the key determinants and their temporal effects on the nation's
economic performance.

* Long-run Estimation Insights

The positive and statistically significant coefficient of the lagged GDP growth rate
(GDPGR(-1)) underscores the persistence of economic performance over time. This
indicates that sustained economic growth in previous periods has a lasting impact on the
current economic expansion. This finding suggests that policies and initiatives fostering
long-term economic growth can yield enduring benefits for the Nigerian economy. The
substantial influence of lagged ICT goods exports (ICTGE(-1)) on economic growth is a
significant discovery. This result aligns with the global trend of the information and
communication technology sector acting as a catalyst for economic development. It
implies that continued investments and advancements in ICT-related industries can
contribute significantly to Nigeria's economic prosperity in the long run.

Conversely, the relatively insignificant impact of lagged R&D expenditure (RDEXP(-1))
on current GDP growth suggests that while research and development are important for
innovation and technological progress, their effects on economic growth in Nigeria might
not manifest in the short to medium term. This finding encourages a deeper examination
of the mechanisms through which R&D activities translate into economic benefits.

The lack of statistical significance for the lagged population growth rate (POPGR(-1))
implies that short-term fluctuations in population growth may not play a prominent role in
driving immediate economic growth. However, it is essential to consider that demographic
changes may have more substantial long-term effects, which could be explored in future
research.

= Short-run Estimation Insights

In the short run, the results indicate that short-term fluctuations in GDP growth rate
(D(GDPGR(-1))) do not strongly influence current economic performance. This implies
that other factors or shocks may be at play in driving short-term economic dynamics.

The non-significant coefficient for changes in ICT goods export (D(ICTGE)) suggests that
short-term variations in this sector's exports may not be immediate drivers of economic
growth. This result emphasizes the need for a longer-term perspective when assessing
the impact of ICT-related activities on economic performance.
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The significant negative coefficient for the change in ICT goods export in the lagged
period (D(ICTGE(-1))) is a noteworthy finding. It suggests that abrupt changes in ICT
goods export can lead to short-term economic contractions. This highlights the potential
vulnerability of the economy to rapid shifts in the ICT sector and calls for robust policy
measures to stabilize and sustain growth.

The non-significant coefficients for changes in R&D expenditure (D(RDEXP)) and
population growth rate (D(POPGR)) imply that short-term fluctuations in these variables
do not exert a substantial influence on current economic growth.

5. CONCLUSION AND PRACTICAL POLICY IMPLICATIONS

The empirical findings of this study hold significant implications for policy-makers striving
to advance sustainable economic growth in Nigeria. These insights provide a nuanced
understanding of the factors influencing the nation's economic landscape and offer
actionable strategies to leverage strengths and mitigate vulnerabilities.

First and foremost, the study underscores the pivotal role of the Information and
Communication Technology (ICT) sector in driving long-term economic growth. Policy-
makers should prioritize initiatives aimed at nurturing this sector, including incentives for
private sector investments, support for indigenous technology startups, and
collaborations between educational institutions and industry players. By fostering an
environment conducive to ICT innovation, Nigeria can position itself as a competitive
player in the global digital economy.

While the immediate impact of Research and Development (R&D) expenditure on
economic growth may be limited, its long-term significance cannot be understated. Policy-
makers should adopt a forward-looking approach, encouraging sustained investments in
R&D activities. This entails creating incentives for businesses to allocate resources to
research and innovation, as well as promoting knowledge-sharing networks between
academia, industry, and government. Such measures will drive technological
advancements and innovation, ultimately leading to higher productivity and
competitiveness on the global stage.

While short-term fluctuations in population growth may not exert a direct influence on
current economic performance, a long-term perspective on demographic trends is crucial.
Policy-makers should implement measures to harness the demographic dividend,
focusing on investments in education, healthcare, and skills development. By enhancing
human capital, Nigeria can bolster productivity levels and position itself for sustained
economic prosperity.

The study's revelation of the substantial short-term impact of abrupt changes in ICT goods
exports underscores the need for economic diversification. Policy-makers must work
towards a balanced economic portfolio, reducing over-reliance on specific sectors.
Diversification enhances economic resilience, guarding against external shocks or rapid
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shifts in global markets. This calls for strategic investments in other promising sectors
such as agriculture, manufacturing, and renewable energy.

A conducive institutional framework is paramount for the effective implementation and
sustenance of policies. Policy-makers should focus on strengthening governance
structures, streamlining bureaucratic processes, and cultivating an environment that
promotes transparency and accountability. By removing regulatory bottlenecks and
fostering a business-friendly environment, Nigeria can attract investments, stimulate
economic activities, and ultimately contribute to long-term growth.

Given the dynamic nature of economic variables, policy-makers must adopt an adaptive
approach. Regular monitoring and evaluation of economic indicators, as well as staying
attuned to global trends, will enable timely adjustments to policies in response to evolving
economic conditions. This proactive stance will ensure that policies remain relevant and
effective in steering the economy towards sustainable growth.

Lastly, Nigeria's integration into regional and global markets holds immense potential for
economic expansion. Policy-makers should explore opportunities for regional cooperation
and participation in trade agreements. These initiatives can facilitate access to larger
markets, promote cross-border investments, and unlock new avenues for economic
diversification.
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