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1. Introduction and background

The development impact of private capital flows, particularly foreign direct invest-

ment (FDI ), has been largely espoused in the literature. The positive effects of FDI

have been found on: economic growth (Agenor, 1998; Alfaro et al., 2004; Durham,

2004; Li and Liu, 2005; Alfaro et al., 2010; Kang and Martinez-Vazquez, 2022); reduc-

ing poverty (Do et al., 2021; Magombeyi and Odhiambo, 2018); improving welfare and

human development (Blalock and Gertler, 2008; Gohou and Soumaré, 2012; Soumaré,

2015); and enhancing technological spillovers (Aitken and Harrison, 1999; Sabirianova

et al., 2005; Alvarez and Molero, 2005; Newman et al., 2015), among many other out-

comes (Markusen and Venables, 1999; Chowdhury and Mavrotas, 2006; Yeaple, 2006;

Tressel and Verdier, 2011; Ito, 2013). Hence, policy discussions have largely focused on

the need for countries to fashion-out domestic policies that are favourable to attract

increased levels of FDI (Bjorvatn and Eckel, 2006).

Among other channels, the development impact of FDI has largely been explained

through technological transfers (Aitken and Harrison, 1999; Sasidharan and Kathuria,

2011; Gorodnichenko et al., 2020). The traditional thinking has been that foreign firms

that decide to invest in other countries have more advanced technologies and hence are

able to transfer the same to host countries. This has been confirmed by such notable

studies as Aitken and Harrison (1999) and Alvarez and Molero (2005). However, studies

like those of Globerman and Meredith (1984) and Fan and Hu (2007) are skeptical of

the technological spillover effects of FDI s. They suggest that most foreign firms already

have access to the technology of the parent company, hence have little-to-no incentive to

invest in research or new technology in the host country (Beers, 2004; Kathuria, 2008).

This is simply because such private multinationals’ interests are unlikely to perfectly

align with the social interest of the host country (Urata and Lall, 2003). Moreover,

not all technologies are transferable given the idiosyncratic differences and needs of

countries (Atkinson and Stiglitz, 1969; Basu and Weil, 1998; Acemoglu, 2002). Fu

et al. (2011) even suggest restricting foreign firms in certain sectors of the host country

to protect local firms that innovate in those sectors, given that the interest of foreign

firms do not always accrue to the benefit of the host country.
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The key question therefore, is whether host/destination countries themselves should

focus on domestically promoting innovation through higher research & development

(R&D) expenditures, rely on technology spillovers from FDI, or a mix of the two. The

literature has generally focused on whether FDI and local R&D are substitutes or

complements in promoting domestic innovation and/or technological progress (Gers-

bach et al., 2013), rather than on development outcomes such as economic growth,

inequality, poverty and human development. One strand of literature shows that FDI

and R&D are complements mostly in their relationship with innovation and productiv-

ity(Hu et al., 2005; Fu et al., 2011; Sasidharan and Kathuria, 2011). Fu et al. (2011)

for instance argued for the presence of a parallel indigenous innovation effort by host

countries among other favourable institutional frameworks to be able to benefit from

international technology diffusion. Sasidharan and Kathuria (2011) also documented

that FDI and R&D are complements in a study of Indian manufacturing firms, but

this complementary relationship is only seen when the sample of firms is split based

on equity ownership – thus, finding that FDI and R&D are complements for foreign-

owned firms. Hu et al. (2005), on the other hand, examined whether FDI and R&D are

substitutes in their relationship with productivity of Chinese firms. Even though the

study showed no role of FDI in facilitating the transfer of market-mediated technology,

the study demonstrated that FDI and R&D are complements in promoting technology.

Another strand of literature argues that FDI s and R&D are substitutes (Kumar,

1987; Veugelers and Houte, 1990; Chuang and Lin, 1999; Kathuria and Das, 2005; Fan

and Hu, 2007; Kathuria, 2008). These studies have largely focused on the impact of

FDI on R&D or vice versa. Kumar (1987), for instance using FDI as a measure of

technology imports, found a negative impact of FDI on local R&D intensity suggesting

a substitution effect between FDI and local R&D intensity. Kathuria and Das (2005)

also examined the impact of FDI on R&D and found that FDI and R&D are substi-

tutes. More recently, Fan and Hu (2007) in the Chinese context examined how efforts

in promoting indigenous technology (R&D) are influenced by FDI. The study found

that FDI and R&D are substitutes showing that expenditure of firms on R&D reduces

with the amount of FDI received.

In summary, the evidence on the relationship between FDI and R&D remains mixed.
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The literature has confusingly found that FDI and R&D are either substitutes, or

complements, in their relationship with technological innovation and/or productivity

of domestic firms. Moreover, there is very little recent literature on whether FDI

and R&D are substitutes or complements, in their relationship with developmental

outcomes such as economic growth, poverty, inequality, and human development at the

macro level.

Based on the dependency theory of FDI s (Haggard, 1989; Dixon and Boswell, 1996;

Kentor, 1998; Kentor and Boswell, 2003), our hypothesis is that countries that rela-

tively focus on R&D will be less dependent on FDI for development. This is as the

theory suggests that the traditional expectation of positive technological and knowledge

externalities/spillovers from FDI s, do not always materialize and that FDI s can actu-

ally lead to negative externalities on host countries. Indeed, Kentor (1998) and Kentor

and Boswell (2003) found evidence that dependence on FDI s has negative effect on

growth of host countries. Hence, we argue that countries that domestically invest more

in R&D as a source of their innovation and knowledge generation will be less reliant on

the possible technological spillover from FDI for development. As shown in Figure 1,

countries that have a larger share of world net FDI inflows are less dependent on FDI

when FDI is taken as a share of the country’s GDP (Figure 2). Interestingly, when we

observe R&D in Figures 3 and 4, compared with Figures 1 and 2, countries that are less

dependent on FDI s – as seen earlier – spend more on R&D when R&D is considered

both as a share of world expenditure on R&D and as a share of the respective country’s

GDP. We postulate that these countries would tend to have more home-grown solutions

for their development and not be over-reliant on FDI, particularly given the recent con-

cerns of the vanishing/threshold effect of FDI, where over-reliance on net FDI inflows

may turn to hurt the host economy.

[Insert Figures 1, 2, 3, 4 Here]

These arguments are based on the appropriate technology concept, which is that the

technology is well-suited for a particular country and period in terms of both psycho-

social and biophysical contexts (Stewart, 1983; Willoughby, 1990). Hence, we conjecture
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that a more “localized learning by doing” (Atkinson and Stiglitz, 1969) approach will be

more beneficial for development than would FDI s. Multinational corporations (MNCs)

are profit-oriented and hence may not necessarily be development-oriented in their

investment approaches, even though FDI s may contribute to development. Given these

compelling points and the quandary of the twin-effect of these two important variables

in the development process, this study is necessary to fill this important research gap.

Therefore, we make three important contributions to the literature. First, to the best

of our knowledge, this is the first study to provide evidence of the combined effect of FDI

and R&D on development (broadly defined). We provide comprehensive analyses using

multiple development indicators (including economic growth/development, inequality,

headcount poverty ($1.9, $3.20, and $5.50), multidimensional poverty (Md. poverty),

human development index (HDI ), inequality-adjusted HDI (iHDI ), and inequality,

Gini) to provide empirically robust justification for our arguments. Second, no studies

so far have used a theory to investigate the relationship between FDI and R&D. Hence,

in this paper, we developed a simple theoretical model to explain the substitution and

complementary effects of FDI and R&D in a country’s growth and development. Third,

methodologically, we use a novel instrument for FDI proposed by Abor et al. (2024).

Specifically, we estimate the causal relationship between FDI and development by using

the number of bilateral investment treaties (BITs) as an instrument for FDI s to address

any possible endogeneity of FDI.

Our results show that even though FDI and R&D directly enhance all forms of

development, the development impact of R&D expenditure is more pronounced than

that of FDI s. We, however, find that the impact of FDI is non-linear with a threshold

after which FDI begins to hurt development. We find that FDI and R&D are both

substitutes and complements depending on the level of net FDI inflows. Specifically,

they are substitutes when FDI is below its threshold level, but complementary when

FDI begins to hurt development. Hence, R&D mitigates the negative impact of FDI on

development after FDI reaches its threshold. This has important policy implications for

countries to invest in R&D especially in anticipation of when the development impact

of FDI s reaches its threshold.
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2. A Simple Theoretical Model

In this section, we developed a theoretical model to explain the relationship between

FDI and R&D in an economy’s growth and development. Consider a simple economy

that all firms have access to the same production function. The technology level of

a representative firm comes from two sources: i) internal source – through self R&D

investment, and ii) external source – technology transferred from MNCs (via FDI s).

Assuming the level of technology transferred (t) is an increasing function of FDI s (i),

thus we can define: t = f(i) and f ′(i) > 0.

The capability of a firm’s self technology innovation (n) depends on three factors:

i) R&D input (r), ii) workers’ education level (e), and iii) impact of FDI s on firm’s

R&D efficiency1 (i). Hence, we can define: n = T (r, e, i). Assuming n is an increasing

function of r, e and i, and R&D input follows the rule of marginal diminishing return

(i.e., ∂2T
∂r2

< 0).

The technology level of a firm (A), therefore, can be written as:

A = f(i) + T (r, e, i), (1)

and the firm’s profit defined as:

π = F (A)− r = F (f(i) + T (r, e, i))− r (2)

where F (A) is the firm’s production function, an increasing function of A. Notably,

d2F
dA2 < 0, indicating that the positive impact of technology level on firm’s profit follows

marginal diminishing return.

To solve firm’s profit maximisation problem, for Equation (2) we take the first order

condition with respect to r:

F ′∂T

∂r
− 1 = 0. (3)

1As documented in (Aitken and Harrison, 1999), FDI can raise R&D efficiency via reducing trial
and error costs.
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Total differentiation both sides of Equation (3) with respect to i and r yields:

(F ′′∂T

∂r
f ′ + F ′′∂T

∂r

∂T

∂i
+ F ′ ∂

2T

∂r∂i
)di+ (F ′∂

2T

∂r2
+ F ′′(

∂T

∂r
)2)dr = 0

Hence,

dr

di
= −

F ′′ ∂T
∂r
f ′ + F ′′ ∂T

∂r
∂T
∂i

+ F ′ ∂2T
∂r∂i

F ′ ∂2T
∂r2

+ F ′′(∂T
∂r
)2

. (4)

Since ∂2T
∂r2

< 0 and F ′′ < 0, we know that F ′ ∂2T
∂r2

+ F ′′(∂T
∂r
)2 < 0. Thus, if and only if

when the following condition holds:

F ′′∂T

∂r
f ′ + F ′′∂T

∂r

∂T

∂i
+ F ′ ∂

2T

∂r∂i
< 0. (5)

Then, dr
di

< 0.

As F ′′ ∂T
∂r
f ′ < 0 and F ′′ ∂T

∂r
∂T
∂i

< 0, from Equation (5) we can see that if the absolute

value of ∂2T
∂r∂i

is relatively smaller (thus F ′ ∂2T
∂r∂i

is relatively smaller) compared with |F ′′|f ′,

then dr
di

< 0.

Our model suggests that FDI relates to R&D activities in two ways: 1) through

a substitution effect : FDI improves firm’s technology level through transferred tech-

nology, hence reducing firm’s own need for technological innovation. Such negative

impact is stronger especially when i) the marginal growth rate of technology transfer

with changes in FDI (i, f ′) is greater; and ii) technological improvement has a greater

diminishing marginal rate of return on firm’s profits (i.e., the value of |F ′′| is large);

2) a complementary effect : the increase in FDI can supplement firm’s R&D outputs

(i.e., ∂2T
∂r∂i

is large), thus encouraging firms to engage more in R&D activities. We can

summarise our analysis in the following corollary.

Corollary 1: i) Higher FDI reduces firm’s need for R&D activities if and only if the

substitution effect is greater than the complementary effect (i.e., R&D plays a minor role

in firm’s output, hence FDI mainly drives economic growth); ii) Higher FDI encourages

more firm’s R&D activities if and only if the substitution effect is smaller than the

complementary effect (i.e., R&D is a major determinants of firm’s output, thus key to

economic growth).
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3. Data and Empirical Methodology

3.1. Data description and sources

We use an unbalanced panel data of 130 countries spanning the period of 2004

to 2019, collected from the World Development Indicators (WDI ) of the World Bank

and the United Nations Development Program (UNDP). Data on growth, poverty and

inequality are sourced from the WDI. Data on HDI and iHDI are obtained from UNDP.

Note that the data on our focus variables, FDI and R&D, are from the WDI. We also

select a set of standard control variables, based on the prevailing literature (again, these

are sourced from the WDI ). The choice of sample period is based on the availability of

sufficient data (at the time of writing) covering most of the development indicators and

our main variables of interest (FDI and R&D).2 The countries cover both developed

and developing. We also examine the differences in these relationships with regards to

developing and developed countries.

3.1.1. Development outcomes

The outcome variables considered are: (the natural log of) real GDP per capita; Gini

coefficient as a measure of inequality, and four poverty measures. The latter include:

the poverty headcount ratio measured at $1.90, $3.20, $5.50 per day (2011 purchasing

power parity (PPP)) as a percentage of population; the multidimensional headcount

poverty ratio as a percentage of the total population; the human development index

(HDI ); and inequality-adjusted HDI (iHDI ). These variables have been widely used in

the lietrature as a measure of development outcomes (Alfaro et al., 2004; Li and Liu,

2005; Gupta et al., 2009; Alfaro et al., 2010; Gohou and Soumaré, 2012; Dwumfour,

2020). FDI is the net foreign direct investment inflows as a percentage of GDP. To

be more specific, as defined by the World Bank in the WDI, FDI is the equity flows

into a country that are direct investments which includes equity capital, reinvestment

of earnings, and other capital. A direct investment is indicated to happen when the

investor owns 10% or more of the ordinary shares of voting stock. R&D is the research

2Sample sizes may differ depending on the specification, especially on the availability of data for
the development indicators. A list of the countries considered is provided in Appendix A.
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and development expenditure as a percentage of GDP. The knowledge economy is seen

to be key in driving both economic and human development (Chen and Dahlman, 2005;

Thoenig and Verdier, 2010). R&D as a key pillar of the knowledge economy is important

in the development process of every country (Chen and Dahlman, 2005; Keller, 2002;

Aghion et al., 2012; Maican et al., 2023).

3.1.2. Control variables

Here, as noted earlier, we employ a relatively standard set of control variables as

identified in the literature. As a measure of information and communication technology

(ICT ) infrastructure, we use the mobile cellular and telephone subscription per 100

people following the literature (Asongu and Le Roux, 2017; Asongu et al., 2018). ICT

infrastructure is also a key pillar in the knowledge economy. Niebel (2018) found growth

to be driven by ICT. ICT can promote development directly and indirectly by providing

tools needed for the improvement in: access to health care; financial inclusion and

business processes, among others (Kirui et al., 2013; Kliner et al., 2013; Mishra and

Bisht, 2013).

We measure education using both secondary school enrolment and tertiary school

enrolments (as %’s of gross). As a key pillar of the knowledge economy, education

has been found to help increase economic growth and development (Gyimah-Brempong

et al., 2006), as well as reduce poverty and inequality (Appleton et al., 2010). Higher

education results in increased human capital in terms of skills and knowledge which can

generate the productivity needed to drive growth and development. Higher education

can help lift people out of poverty as they are more likely to be employed to earn income.

Hence, we include both secondary and tertiary enrolment ratios to estimate the the

returns to higher education. We expect a more positive impact of higher education on

economic and human development and reduce poverty and inequality.

We also control for unemployment measured as the unemployment rate (%). Mart́ınez

et al. (2001) in a study of Organization for Economic Co-operation and Development

(OECD) countries found increased risk of falling into poverty and inequality to be

associated with unemployment.

Inflation is measured by the annual change in consumer price index (%). Empirical
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evidence has shown increased poverty and inequality levels to be associated with higher

inflation (Agenor, 1998; Albanesi, 2007; Doumbia, 2019). Romer and Romer (1998)

however, argued that the relationship between inflation and poverty may differ over

the short- and long-run. There is evidence that showed that the relationship between

inflation and growth is non-linear with low rates of inflation below the threshold having

a positive impact on growth while inflation rates above the threshold reduces growth

(Fischer, 1993; Gillman et al., 2004).

We also control for financial development, measured as total domestic credit to the

private sector ratio (as % GDP). The relationship between financial development and

development outcomes has remained ambiguous (Dollar and Kraay, 2002; Benhabib and

Spiegel, 2000). Beck et al. (2004) indicate that whether financial development benefits

the whole population or not is inconclusive. The authors found that countries with

well-developed financial intermediaries see faster declines in inequality and poverty.

However, other studies have found that financial development reduced growth and

human development and/or welfare and increase inequality (Dwumfour et al., 2017;

Dwumfour, 2020; Gohou and Soumaré, 2012; Soumaré, 2015). The argument is that

development of the financial sector is not pro-poor, hence provision of credit tends

to favor the rich. This is mostly the case when higher collateral along with other

demanding loan requirements make credit acquisition expensive to the poor (Galor and

Zeira, 1993; Haber et al., 2003; Stiglitz, 1993), which further widens the inequality gap.

Table 1 presents the summary statistics. Mean per capita GDP is around 8 with

a maximum around 12. For our inequality measure, we see wide variation from a

minimum of 23 to a maximum of 65 indicating high levels of inequality around the

world. On all our poverty measures, there is widespread poverty with a lot of people

living below the various poverty lines from an average of 6% to 27% progressively

as the poverty line increases. This shows that the higher the poverty line, the more

poverty to be recorded, thus, people are likely to fall below the poverty. Average

HDI is 0.69 showing moderate level of human development but when adjusted for

inequality, iHDI averages 0.57 showing lower level of human development. Average

net FDI inflows is around 6% with a minimum of -58% and a maximum of 452%. This

implies the wide variation in the net inflows of FDI s to countries in the sample and
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gives a broader perspective of the sample to study how relevant FDI s in these countries

are in promoting development. R&D expenditure however records an average of around

0.98% of GDP with a minimum of 0.01% and a maximum of 4.9%. Again, we see that

while some countries barely spend on R&D, others seem to relatively have a decent

R&D expenditure share of GDP. Table 1 also shows the average number of BITs per

country is around 24. On education, we see a wide gap between secondary and tertiary

enrolment with more enrolment seen at the secondary level averaging 81% compared to

an average of 39% at the tertiary level. This may suggest that not many people progress

to the tertiary level after secondary school. Average credit to the private sector ratio is

around 49% with inflation averaging 5% over the sample period. Unemployment rate

averages around 8% over the sample period.

[Insert Table 1 Here]

3.2. Model specification

Following the prevailing related literature, we consider a baseline econometric model

of the form:

DEVit = α0 + α1FDIit + α2R&Dit + γControls it + αi + εit, (6)

where it represents country i at time t ; DEV denotes the development outcome vari-

ables. As noted, our outcome variables considered are: (the natural log of) real GDP

per capita; Gini coefficient as a measure of inequality; and four poverty measures (see

above)3. FDI is the net foreign direct investment inflows as a percentage of GDP. R&D

is the research and development expenditure as a percentage of GDP. As discussed

earlier, we expect a positive impact of R&D on economic and human development as

well as a negative impact of R&D on poverty and inequality. Controls is a vector of

control variables (ICT infrastructure, education, unemployment, financial development

and inflation) identified in the literature (Asongu and Le Roux, 2017; Asongu et al.,

3Note that the measure of multidimensional poverty is limited in its interpretation given the possi-
ble differences in cross-country measurements. We however add this measure as a form of robustness.
Our results remain consistent with the other measures of headcount poverty.
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2018; Gyimah-Brempong et al., 2006; Kirui et al., 2013); εi,t is the idiosyncratic error

term; and αi is the usual unobserved (country) effect.

3.3. Identification strategy

The fixed effects (FE) results can be validly questioned due to the potential endo-

geneity concerns (primarily) of the FDI variables. For instance, FDI will be endogenous

if the economic growth rate of a host country is an important factor for MNCs when

deciding where to invest. That is, FDI can determine and, in part, be determined by

the growth rate of the host country. Hence, to identify the causal relationship between

development and FDI, we use an instrumental variable (IV) approach as our main es-

timation technique. We adopt a novel instrument for FDI developed by Abor et al.

(2024). Specifically, we instrument FDI s using the total number of bilateral investment

treaties (BITs) ratified and come into force by a country with other countries. As we

scale the number of treaties per 100,000 of the total population, this allows us to cap-

ture the number of treaties a country signs to allow for private capital inflows in the

country relative to its population. BITs are voluntary treaties that two countries sign

with the basic aim to protect foreign investment. These agreements are, in their very

nature, designed with the explicit aim to encourage foreign investment and protect the

same by having clauses or rules that protect foreign investment against political risk.

These treaties normally encourage principles such as treating foreign investors same

as host country investors, providing adequate compensation to foreign investors where

their assets are exploited and indicating an independent body like the International

Center for Settlement of Investment Disputes (ICSID) to settle disputes. Despite the

obvious variations in these BITs, they all share a common provision: to protect in-

vestors’ investments (Bhagwat et al., 2021). Indeed, Colen et al. (2016) and Neumayer

and Spess (2005) find that BITs have a significant positive impact on FDI s. In this

way we suggest that BITs are an extremely plausible instrument for FDI s given that

their impact on economic growth, poverty, inequality and welfare, can only be via FDI.

The main IV estimates are similarly based on Equation (7). Note that we also utilise

the system generalised method of moments (GMM ) technique, in a dynamic panel

data model setting (Harris et al., 2008), following the use of such in many previous
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growth studies (Islam, 1995; Lee et al., 1998; Panizza, 2002; Soumaré, 2015; Teixeira

and Queirós, 2016; Dwumfour et al., 2017; Dwumfour, 2020), as a robustness check.

3.4. Testing for interactions between FDI and R&D

Our key hypotheses involves the relationships between FDI s and R&D in the devel-

opmental process: are they substitutes or complements. We can employ the following

simple strategy to test for this by considering the augmented specification of

DEVit = α0+α1FDIit+α2R&Dit+α3(FDI it×R&Dit)+γControls it+αi+εit, (7)

where all variables are as defined before. The coefficient of interest is α3 which is ex-

pected to be either positive or negative depending on the development indicator used.

That is, a positive sign indicates that FDI and R&D are complements in relation to eco-

nomic or human development but substitutes in relation to poverty or inequality, while

a negative sign indicates that FDI and R&D are substitutes in relation to economic or

human development but complements in relation to poverty and inequality.

4. Empirical Results and Discussion

We first present the baseline FE results in Tables 2 and 3. In almost all the estima-

tions, FDI has no significant impact on any of our dependent variables. However, this

may be a result of the potential endogeneity issues noted earlier, between FDI and the

development outcomes. We therefore proceed with the main IV estimations.

[Insert Tables 2 and 3 about here]

4.1. Main IV results

Since we use a single instrument, the test for over-identification is not defined (An-

grist and Pischke, 2009). Here we test the sensitivity of our estimates by starting with a

baseline specification with no other controls, and then add them consecutively (Altonji

et al., 2005). As can be seen in Tables 4 to 7, our main variables of interest remain

statistically significant after adding the controls. From these tables, we also see that
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the coefficient of BITs in the first stage is positive and statistically significant. Also,

the Cragg and Donald (1993) Wald F -statistic test of weak identification is rejected

as the values are greater than the Stock-Yogo (2005) weak ID test critical values from

5.53 (25% critical value) to 16.38 (10% critical value), indicating that the instrument

is relevant. These findings, along with the fact that BITs can only have an impact on

our development outcomes via FDI s, suggest that it is an appropriate instrument.

The results from Table 4 show that FDI has a significant positive impact on growth

in all estimations at 1% level, confirming the important role of FDI s in driving growth

in the host countries. R&D similarly has a significant positive impact in almost all of

the regressions, and again mostly at the 1% level. Importantly, we see that compared

to FDI s, the magnitude of the impact of R&D on growth is larger. For instance, from

column (4), while a one percent increase in FDI net inflows results in a 0.007% increase

in GDP p.c. (growth), a percentage increase in R&D results in a 0.54% increase in

growth, which is about one-third standard deviation of growth. These show that FDI

and R&D do not only have a statistically significant impact on growth but also have

economic effect on growth with R&D having a more pronounced impact.

[Insert Table 4 about here]

As described above, to investigate whether FDI and R&D are substitutes or com-

plements in relation to growth, we interact FDI and R&D. As we can see in columns (3)

and (5) under GDP p.c., while the level effect of FDI and R&D remains positive and

statistically significant, the interaction term is negative and statistically significant at a

5%, or higher level. This shows that FDI and R&D are substitutes. This is confirmed

by the marginal effects plots in Figure 5 (a & b). From this we can see that the positive

marginal effect of FDI on growth reduces along higher R&D expenditures with even

higher R&D expenditures leading to a negative marginal effect on growth.

From Table 4, we can also see that FDI and R&D have a significant negative impact

on inequality in all estimations (at 1%). This suggests that FDI has the potential to

bridge the income gap between the top and bottom earners. Quantitatively, we see

again that the impact of R&D on inequality is larger than that of FDI s. For instance,
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from column (9), a one percent increase in FDI s reduces inequality by 0.21%, while

a one percent increase in R&D leads to a 2.43% decrease in inequality. Here also,

from columns (8) and (10), we see that the interaction of FDI and R&D is positive

while the level effects of these variables remain negative. This is also demonstrated

by the marginal effect plots in Figure 5 (c & d), which confirms that FDI and R&D

are substitutes in their relationship with income inequality. Here, increasing R&D

expenditure along with FDI eventually leads to a positive marginal effect of FDI on

inequality.

[Insert Figure 5 about here]

Moving onto human development, from Table 5 the results show a significant positive

impact of both FDI and R&D on both HDI and iHDI at a 1% significance level. Again,

these results confirm the important roles of both FDI and R&D in improving human

development. We, however, see that the impact of R&D is larger than that of FDI. For

instance, from columns (4) and (9), a one percent increase in FDI leads to an increase

of 0.001 and 0.01 points on HDI and iHDI respectively. Meanwhile, from the same

columns, a one percent increase in R&D leads to a 0.053 and 0.130 points increase

in HDI and iHDI respectively. This shows that countries are more likely to improve

more in their human development from expenditure in R&D than FDI inflows. Again,

the interaction of FDI and R&D as seen in columns (3), (5), (8) and (10) show that

FDI and R&D are substitutes. The marginal effects plots in Figure 5 (panel e to h)

further confirms these results. Similar to the growth regressions, we see that higher

expenditures along with higher FDI net inflows leads to a negative marginal effect of

FDI on welfare.

[Insert Table 5 about here]

The results on poverty headcount are presented in Tables 6 and 7. From these we

again find a significant negative impact of FDI on all poverty measures, while we find

a negative impact of R&D on most of the poverty measures (at 10% levels or higher).

From columns (4) and (9) of both Tables 6 and 7, we see that a one percent increase
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in FDI leads to a 0.03%, 0.08%, 0.17% and 0.20% decrease in poverty headcount at

$1.90, $3.20, $5.50 and, multidimensional poverty respectively. We see a progressive

impact of FDI on poverty as the poverty line is increased from $1.90 to $5.50 and to

a multidimensional measure. We find similar qualitative results for R&D. However,

quantitatively, we see that the impact of R&D on poverty is larger than the impact

of FDI. For instance, from columns (4) of both Tables 6 and 7, we see that a one

percent increase in R&D leads to a 0.37%, and 2.75% decrease in poverty headcount

at $1.90 and $5.50 respectively. Also, from column (9) of Table 6, the impact of R&D

on poverty headcount at $3.20 is 0.11 though not significant but from column (9) of

Table 7, a one percent increase in R&D leads to a 6.07% decrease in multidimensional

poverty. These results further show a larger impact of R&D on poverty than do FDI s.

Here also, the interaction of FDI and R&D show that these variables are substitutes in

their relationship with poverty. The marginal effects in Figure 6 further confirms these

results.

[Insert Tables 6 and 7 about here]

[Insert Figure 6 about here]

The effects of remaining control variables are generally in-line with the existing liter-

ature. For example, we find that ICT infrastructure helps to promote growth, improve

human development and reduce poverty levels (Asongu and Le Roux, 2017; Gohou and

Soumaré, 2012). We also find evidence of returns to education as people progress in the

educational ladder. While, the impact of secondary education on growth, inequality

and poverty is weak with some few significant instances, we find that generally, the

impact of tertiary education is significant in improving growth, reducing inequality and

poverty in almost all the estimations (Gyimah-Brempong et al., 2006; Appleton et al.,

2010).

On financial development, we find an ambiguous impact on development outcomes.

Specifically, we find that financial development generally improve growth but increase

inequality and reduce human development. Financial development however has no sig-

nificant impact on poverty. These results are similar to those of Dwumfour et al. (2017),

16



Dwumfour (2020), Gohou and Soumaré (2012) and Soumaré (2015), for example. We

find similar results for inflation. Inflation reduces growth and human development but

reduces inequality. This may suggest the non-linear impact of inflation on development

as discussed earlier. Furthermore, unemployment generally reduces growth, increase

inequality and poverty.

5. Robustness Checks

We now allow for state-dependence in our outcome variables, by considering dy-

namic panel data models and the systems-GMM approach. We also consider different

specifications of the models to provide robustness checks to our previous findings. We

examine the non-linear impact of FDI on development. We also provide additional

results by instrumenting for R&D. Additionally, we check whether our main IV results

remain robust for sub-samples including comparing results for developed and develop-

ing countries and estimating a sample excluding the top and bottom deciles of FDI

and R&D and winsorizing the data (These results are provided in the Supplementary

Online Appendix).

5.1. Allowing for dynamics: a dynamic panel data approach

Due to the well-known issues in estimating a dynamic panel data (dpd) model

(Harris et al., 2008), we use the standard current approaches to address these. Indeed,

following Roodman (2009), for example, using lags of the dependent variables as in-

struments does lose data and hence we adopt the collapsing method of Holtz-Eakin

et al. (1988) to reduce the loss of data points. We also use Arellano and Bover (1995)’s

forward orthogonalization method to limit the number of instruments. To check the

validity of our estimates, we test for over-identifying restrictions using the Hansen test.

Our estimates fail to reject the null hypothesis of valid over-identifying restrictions.

Again, for system GMM estimates, it is indicative to test any correlations between

deeper lags of the instruments and disturbances (Arellano and Bond, 1991). Based

on the test of the second order serial correlations, AR(2), we reject the null of serial

correlations. This shows that our GMM specification is appropriate.
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The results are presented in Tables 8 and 9. From these we can see that that the

lag of the dependent variable(s) are all positive and significant showing that devel-

opment outcomes persist over time and confirms the dynamic nature of the model.

Importantly though, the results further confirm our earlier results that while FDI and

R&D have positive (negative) impact on growth and human development (inequality

and poverty), their interactions show a substitution effect in this relationship. These

are also confirmed by the marginal effect plots in Figure 7. From these figures, we

see that increasing R&D along with FDI shows a negative (positive) marginal effect

on growth and human development (inequality and poverty). This further shows that

countries with relatively low expenditures in R&D tend to be dependent on FDI for

development, while countries with higher expenditures in R&D are less dependent on

FDI s for their development.

[Insert Tables 8 and 9 about here]

[Insert Figure 7 about here]

5.2. Testing the non-linear impact of FDI on development

Following the literature (Kentor and Boswell, 2003), we test for a non-linear effect

of FDI on development by specifying

DEVi,t = α0 + α1FDIi,t + α2FDI2i,t + α3R&Di,t + α3FDI i,t ×R&Dit

+ α4FDI2i,t ×R&Dit + γControls i,t + αi + εi,t (8)

Here, we a priori expect the coefficient of FDI, α1, to be positive while that of FDI2,

α2, is negative suggesting the non-linear effect of FDI on development. In this case, this

will be an inverted U-shaped relationship with FDI having an initial positive impact

on development up to a threshold after which the relationship turns to be negative. We

instrument for FDI and its squared with BITs and BITs squared, respectively.

The results are presented in Tables 10 to 12. From these we can indeed see a non-

linear impact of FDI s on development. For instance, from columns (2) and (3) in Table

10, the average threshold effect of FDI on growth occurs around 171% at which point
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the effect of FDI begins to diminish. The interaction between FDI and R&D remains

negative while the interaction between FDI2 and R&D becomes positive suggesting the

complementary role of R&D after FDI reaches its threshold. This is confirmed by the

marginal effects evaluated at the minimum, mean and maximum R&D values from the

interaction between FDI, FDI2, and R&D which show a positive marginal effect as R&D

increases along with non-linear effect of FDI s. This indicates that R&D complements

FDI s only when FDI reaches its threshold and begins to hurt development. We observe

similar results when we use HDI and iHDI in Table 11. We again see that FDI has

a positive marginal effect on welfare as R&D increases along with non-linear effect of

FDI s. These are confirmed by the marginal effects plots in Figure 8 (a, b and c). Here,

we see that FDI has an initial negative marginal effect on growth and welfare but after

R&D expenditure reaches around 2% of GDP, we see the complementary nature of

R&D in the FDI -growth/welfare relationship.

We see similar results for inequality where in this case we find an average FDI

threshold of 190%. Again, the interaction between FDI and R&D remains positive

while the interaction between FDI2 and R&D becomes negative suggesting the com-

plementary role of R&D after FDI reaches its threshold. We find a negative marginal

effect from the interactions showing that R&D complements FDI to reduce inequality

as R&D increases along with the non-linear effect of FDI on inequality.

[Insert Table 10 about here]

In Table 11, we find the non-linear impact of FDI on HDI and iHDI with an average

threshold of 154% and 114% for HDI and iHDI respectively. Here also, the interaction

between FDI and R&D remains negative while the interaction between FDI2 and

R&D becomes positive suggesting the complementary role of R&D after FDI reaches

its threshold. Again, we find a positive marginal effect as R&D increases along with

the non-linear effect of FDI s in relation to HDI and iHDI showing the complementary

role of FDI and R&D after FDI reaches its threshold.

[Insert Table 11 Here]
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From Table 12, we see the non-linear impact of FDI on all the poverty measures.

The average threshold FDI from the table is 193%. Here also, the interaction between

FDI and R&D remains positive while the interaction between FDI2 and R&D becomes

negative indicating the complementary role of R&D after FDI reaches its threshold. We

find a negative marginal effect from the interactions showing that R&D complements

FDI to reduce poverty as R&D increases along with the non-linear effect of FDI on

inequality.

[Insert Table 12 about here]

These thresholds seem large given that some countries in the sample have larger FDI

inflows as a share of GDP. As we show in the Supplementary Online Appendix, the

thresholds are significantly lower when we remove the sample of top and bottom deciles

of FDI and R&D. Importantly, the policy relevance of these results is that countries

need to invest more in R&D in anticipation of the threshold effect of FDI s because at

this point, it is sufficient adaptive or absorptive capacity of countries, through higher

R&D investments, that can help mitigate the negative impact of FDI s on development.

What we add to the literature here is that if countries invest more domestically in R&D,

the potential negative impact of FDI on development after its threshold would be miti-

gated. The marginal effects of FDI on poverty indicators are confirmed by the marginal

effects plots in Figure 8(d to h). Here, we see that FDI has an initial positive marginal

effect (substitution) on all poverty measures but after R&D expenditure reaches around

2% of GDP, we see a negative marginal effect-this shows the complementary nature of

R&D in the FDI -poverty nexus with about 2% of GDP in R&D expenditure.

[Insert Figure 8 about here]

5.3. Instrumenting for both FDI and R&D

Here, we provide a further (final) robustness check by instrumenting for both FDI

and R&D, with the number of researchers engaged in R&D, expressed as per million

people providing the instrument for the latter. We argue that the more researchers a

country has, the higher the potential for R&D activities, which could lead to higher
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R&D expenditures. Indeed, from the first stage results in Table 13, we see that the

number of researchers engaged in R&D has a significant correlation with R&D expendi-

ture at the 1% level. We believe that this is a plausible instrument for R&D expenditure

given that its impact on development outcomes can only effectively be through their

engagement in R&D. While we lose a lot of observations due to missing data for the

instrument, the results in Table 13 remain qualitatively and quantitatively very similar

to our earlier findings. We confirm from Figure 9 that FDI and R&D are substitutes in

the development process. Again, we see that the positive (negative) marginal effect of

FDI on growth and welfare (poverty and inequality) reduces along higher R&D expen-

ditures with higher R&D expenditures leading to a negative (positive) marginal effect

on growth and welfare (poverty and inequality).

[Insert Table 13]

[Insert Figure 9 Here]

6. Conclusion and Policy Implications

We examined the influence of FDI on development and the role of R&D in this

relationship. In this regard, we test whether FDI and R&D are substitutes or comple-

ments in a country’s growth and development. To the best of our knowledge, this is the

first study to provide a comprehensive evidence of the combined effect of FDI and R&D

on development. In this regard, we develop a simple theoretical model to explain the

substitution and complementary effects of FDI and R&D on a country’s growth and

development. As a further contribution to the literature, we use bilateral investment

treaties (BITs) as a novel instrument for FDI to address any possible endogeneity of

FDI.

Our results show that both FDI s and R&D are important in driving growth, im-

proving human development, reducing income inequality and poverty. We also find

that the development impact of R&D is more pronounced than FDI s. Indeed, we

find that FDI s and R&D are substitutes in their impact on development outcomes.

This means more investments/expenditures in R&D leads to less dependence on FDI
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for development, and vice versa. Importantly, policymakers should not only focus on

promoting FDI inflows but spend more on R&D in their domestic countries as a way

of driving innovation and their productive capacities to be able to achieve the needed

development.

This is crucial given that we also find a diminishing effect of FDI s: FDI s begin to

hurt development after a certain threshold. This may be because below certain FDI

thresholds, FDI s are relevant as they provide the initial benefits of increasing growth

and human development and also reducing income inequality and poverty. However,

after certain thresholds of FDI s, foreign investors who may not necessarily focus on

development areas of host countries leading to adverse selection. In particular, foreign

investors who have control of domestic firms are likely to have significant influence in the

respective host countries and thus repatriation of profits and other financial transaction

decisions may deteriorate balance of payments among other consequences for the host

country. In terms of these FDI reversals, higher control of foreign investors who may

have large leverage in the domestic market may lead them in lending same to the parent

company when the need be. Besides, where the parent company or other subsidiaries

have debt on the books on these subsidiaries, these loans can be recalled leading to

onward consequences on the domestic market.

This becomes even critical in periods of major crisis like the global financial crisis

and COVID-19 pandemic. These actions of multinationals can cause instability in the

macroeconomic environment particularly exchange rate volatility and instability in the

financial sector. We see the crucial role of R&D especially after FDI s reaches the

threshold and begins to hurt development. At this point R&D begins to complement

FDI s given that host countries would have had enough adaptive/absorptive capacity

after spending more on R&D. This has relevant policy implication in that more emphasis

should be placed on the important role of R&D in driving development while promoting

FDI s especially in anticipation of when FDI s reaches its threshold in the development

process.

We see this to be particularly relevant for developing countries (see Supplementary

Online Appendix for results and discussion) given that their developed counterparts

seem to be benefiting more from R&Ds than FDI s in their development process. In-

22



terestingly, we see that while having more BITs helps increase FDI inflows for both

developed and developing countries, developed countries tend to receive more FDI in-

flows from these treaties. In fact, we find that signing more BITs by developed countries

reduces FDI inflows to developing countries. While FDI s may be the preferred form

of private capital flows for developing countries, over-reliance on these flows without

strong adaptive capacity through higher investment in R&D may have direct conse-

quences for the development process when the development impact of FDI s reaches

its threshold. Our results are consistent to several robustness checks including using

different estimation techniques, model specifications and sub-sample analysis.

In conclusion, while FDI and R&D are both catalysts for development, we show the

importance of R&D in driving economic development and emphasize that policymakers

should prioritize R&D initiatives in addition to encouraging FDI. A balance between

the two must be struck to optimize the positive effects on the development of countries.
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Figure 1: Average net FDI inflows – Share of world FDI inflows (2004-2019)

Figure 2: Average net FDI inflows – Share of GDP (2004-2019)
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Figure 3: Average R&D expenditure – Share of world R&D (2004-2019)

Figure 4: Average R&D expenditure – Share of GDP (2004-2019)
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(a) GDP p.c. (without controls) (b) GDP p.c. (with controls)

(c) Gini (without controls) (d) Gini (with controls)

(e) HDI (without controls) (f) HDI (with controls)

(g) iHDI (without controls) (h) iHDI (with controls)

Figure 5: Marginal effects of FDI on growth, inequality and welfare (with 95% CI), IV
regression
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(a) Poverty ($1.90) (without controls) (b) Poverty ($1.90) (with controls)

(c) Poverty ($3.2) (without controls) (d) Poverty ($3.2) (with controls)

(e) Poverty ($5.50) (without controls) (f) Poverty ($5.50) (with controls)

(g) Md. poverty (without controls) (h) Md. poverty (with controls)

Figure 6: Marginal effects of FDI on poverty (with 95% CI), IV regression
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(a) GDP p.c. (with controls) (b) Gini (with controls)

(c) HDI (with controls) (d) iHDI (with controls)

(e) Poverty ($1.90) (with controls) (f) Poverty ($3.20) (with controls)

(g) Poverty ($5.50) (with controls) (h) Md. poverty (with controls)

Figure 7: Marginal effects of FDI on growth and development (with 95% CI), GMM estimate
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(a) GDP p.c. (b) HDI

(c) iHDI (d) Gini

(e) Poverty ($1.90) (f) Poverty ($3.20)

(g) Poverty ($5.50) (h) Poverty (Md. Poverty)

Figure 8: Marginal effects of FDI on development outcomes non-Linear FDI model (with 95% CI),
IV regression
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(a) GDP p.c. (b) Gini

(c) HDI (d) iHDI

(e) Poverty ($1.90) (f) Poverty ($3.20)

(g) Poverty ($5.50)

Figure 9: Marginal effects of FDI on growth and development (with 95% CI), IV
regression-instrumenting both FDI and R&D
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List of Tables

Table 1: Descriptive statistics

Variable
Full-Sample

Mean Std. Dev. Min Max

Real GDP per capita -natural log (GDP p.c.) 8.504 1.498 4.855 11.685
Gini index (Gini) 36.810 8.155 23.200 64.800
Human development index (HDI) 0.691 0.159 0.285 0.957
Inequality-adjusted HDI (iHDI) 0.572 0.192 0.208 0.899
Headcount poverty ratio at $1.90 %population(Headcount Poverty $1.90) 6.423 13.979 0.000 94.300
Headcount poverty ratio at $3.20 %population(Headcount Poverty $3.20) 13.449 21.715 0.000 98.500
Headcount poverty ratio at $5.50 %population(Headcount Poverty $5.50) 24.489 29.268 0.000 99.700
Multidimensional headcount poverty %population (Multidimensional poverty) 26.990 11.312 2.370 74.200
Net FDI inflows as a share of GDP % (FDI /GDP) 6.209 18.240 -58.323 451.639
Research and development expenditure as a % of GDP (R&D) 0.977 0.982 0.011 4.941
No. of bilateral treaties (BITs) 24.485 26.819 0 150
Mobile and telephone subscriptions per 100 people (ICT infrastructure) 106.114 56.933 0.862 364.872
Secondary school enrolment, %Gross (Secondary education) 81.876 28.647 8.707 163.935
Tertiary school enrolment, %Gross (Tertiary education) 38.849 27.802 0.494 142.852
Domestic credit to the private sector as a % of GDP (Financial Development) 49.469 41.125 0.186 308.978
Consumer price index % (Inflation) 5.449 11.599 -60.496 379.848
Unemployment rate % (Unemployment) 7.697 5.866 0.091 37.250
Number of Researchers engaged in R&D per million people 6.877 1.598 1.781 8.995
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Appendix A List of Countries

This appendix provides the list of countries used in the study.

Table A1: List of countries

Albania Ghana North Macedonia
Algeria Greece Norway
Angola Guatemala Oman
Armenia Honduras Pakistan
Australia Hong Kong SAR, C Panama
Austria Hungary Papua New Guinea
Azerbaijan Iceland Paraguay
Bahrain India Peru
Belarus Indonesia Philippines
Belgium Iran, Islamic Re Poland
Bolivia Iraq Portugal
Bosnia and Herze Ireland Qatar
Botswana Israel Russian Federati
Brazil Italy Rwanda
Brunei Darussala Japan Saudi Arabia
Bulgaria Jordan Senegal
Burkina Faso Kazakhstan Serbia
Burundi Kenya Singapore
Cabo Verde Korea, Rep. Slovak Republic
Cambodia Kuwait Slovenia
Canada Kyrgyz Republic South Africa
Chad Latvia Spain
Chile Lesotho Sri Lanka
China Lithuania Sudan
Colombia Luxembourg Sweden
Congo, Dem. Rep. Madagascar Switzerland
Costa Rica Malaysia Tajikistan
Cote d’Ivoire Mali Tanzania
Croatia Malta Thailand
Cyprus Mauritania Togo
Czech Republic Mauritius Trinidad and Tob
Denmark Mexico Tunisia
Ecuador Moldova Turkey
Egypt, Arab Rep. Mongolia Uganda
El Salvador Montenegro Ukraine
Estonia Morocco United Arab Emir
Eswatini Mozambique United Kingdom
Ethiopia Myanmar United States
Finland Namibia Uruguay
France Nepal Venezuela, RB
Gabon Netherlands Vietnam
Gambia, The New Zealand Zambia
Georgia Nicaragua
Germany Nigeria
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