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Abstract

We examine the role of knowledge spillovers in shaping economic growth in developing countries, with
a focus on their limitations in promoting convergence with advanced economies. Extending Romer
(1986) and the North–South model, we construct a theoretical model in which government-funded
knowledge accumulation drives long-run growth, while developing countries benefit from costless
technology diffusion from advanced economies. Within this framework, we derive steady states for
each economy and analyze how policy choices—such as taxation, savings, and technology protec-
tion—affect the growth trajectory of both economies through the spillovers. We then test the model’s
predictions, setting the United States as the technological frontier. The analysis utilizes fixed-effects
regression and incorporates foreign direct investment inflows and imports from the U.S. as proxies
for openness to spillovers. Our results suggest that knowledge spillovers alone are insufficient for
convergence, requiring substantial domestic investment by developing countries. This highlights the
structural challenges these countries face in catching up to advanced economies. Additionally, tech-
nology protection ensures the long-term economic dominance of developed countries, but only when
paired with significant domestic investment. Finally, we empirically demonstrate a complementary
relationship between openness and technological disparity in determining the magnitude of spillovers,
lending further support to our findings.
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1 Introduction

Since the foundational work of Solow, knowledge has increasingly been recognized as a key driver of long-run

growth (Mankiw, Romer, and Weil, 1992). It enhances labor productivity and sustains long-term growth in

developed economies based on its non-rivalrous and non-excludable nature. For example, the United States has

exhibited consistent growth in labor productivity, measured as real output per hour worked, which closely mirrors

overall GDP growth (U.S. Bureau of Labor Statistics, 2024). Hogan (2011) further emphasizes that developed

countries depend heavily on technological progress, ultimately underpinned by sustained knowledge accumulation.

Like advanced economies, developing countries can also achieve substantial gains from knowledge accumu-

lation, as evidenced by Madsen (2009) and Conteh, Yijun, and Sesay (2021). Their studies underscore the

complementary role of knowledge in enhancing growth that is otherwise primarily driven by capital accumulation

in developing economies. However, low educational attainment continues to constrain knowledge accumulation in

many developing countries. In addition, inefficient financial systems may hinder investment in research, while a

shortage of local technology providers further slows the diffusion of innovations (Aker, Dillon, and Welch, 2022).

These structural barriers ultimately contribute to persistent divergence from advanced economies.

Unlike advanced economies, developing countries can benefit from international knowledge spillovers—an

important advantage, as such spillovers often occur without requiring substantial investment or a highly skilled

domestic workforce. This raises a key question: how do knowledge spillovers shape the growth trajectories of devel-

oping economies? More specifically, can these spillovers enable them to catch up with or even overtake advanced

economies? To explore these questions, we develop an endogenous growth model within an open-economy frame-

work that incorporates unidirectional knowledge spillovers. The model features two types of countries: advanced

economies, which attain high output levels and accumulate knowledge solely through government investment;

and developing economies, which rely on both government investment and spillovers from advanced economies.

In both country types, capital accumulates through private investment by firms. We derive the steady-state equi-

librium for each economy and analyze how changes in saving rates, taxation, and knowledge protection policies

influence long-run outcomes. Finally, we test the model’s predictions using panel data and fixed-effects regressions

based on empirical patterns observed in developing countries.

The model yields two central theoretical insights. First, knowledge spillovers alone do not guarantee

convergence or overtaking. Instead, developing countries must sustain investments in capital and knowledge accu-

mulation at levels comparable to those of advanced economies in order to catch up. This highlights the inherent

difficulty they face in achieving global leadership, as mobilizing such investments is often constrained by under-

developed financial systems. Second, stronger technology protection in advanced economies does not necessarily

prevent convergence or overtaking. Such protection reinforces the dominance of developed countries only when

it is accompanied by their substantial domestic investment. This finding cautions policymakers against relying

solely on protectionist measures and underscores the need to pair such measures with sustained investment.

These findings extend the insights of earlier models, such as the Solow and Romer frameworks, which typ-

ically treat knowledge accumulation as either exogenous or a by-product of capital accumulation (Solow, 1956;

Romer, 1986). Compared to these models, our framework assigns governments the role of primary knowledge

2



investors and distinguishes knowledge accumulation from capital accumulation, thereby offering a more realis-

tic depiction of the input accumulation process. This model adopts a standard two-region structure similar to

the North–South framework, which focuses on the convergence of growth rates between developed and develop-

ing countries (Aristizábal-Ramı́rez, Leahy, and Tesar, 2022; Saito, 2018). Our contribution lies in identifying the

conditions under which underdeveloped economies may emerge as global leaders. Moreover, by examining the

effects of knowledge spillovers and related policies in a macroeconomic context, this study complements prior

research on firm-level outcomes (Ferreira, Fernandes, and Veiga, 2024), entrepreneurial dynamics (Acs et al.,

2008), and industry-specific analyses such as Bai et al. (2022), suggesting that their findings may extend to the

broader economy. It also complements studies such as Aiyar et al. (2013), which investigate key factors behind

the middle-income trap. Depending on investment policies in both developing and advanced economies, growth

in developing countries can slow significantly—even when a substantial gap with advanced economies remains.

The paper proceeds as follows. Section 2 presents the model framework for developing and developed countries

and derives their corresponding steady states. Section 3 analyzes how policy changes in both countries affect

their long-run outcomes. Section 4 presents empirical evidence on the growth patterns of developing countries to

evaluate the model’s validity. Section 5 concludes.

2 Model Development

This section develops a theoretical framework to analyze economic growth in both developed and developing

countries. It begins by specifying the model for developed countries and deriving the steady state equilibrium.

Next, the model for developing countries is introduced, incorporating knowledge spillovers into their knowledge

accumulation process. The corresponding steady state equilibrium is then derived.

2.1 Theoretical Setup: Developed Countries

The production function of a representative firm in the developed country follows a Cobb–Douglas specification

within a general equilibrium framework that includes a representative household:

YD(t) = F (KD(t), XD(t)LD(t)) = KD(t)α(XD(t)LD(t))1−α (1)

Effective labor at time t is given by XD(t)LD(t), where XD(t) represents knowledge. The parameter α denotes

the output elasticity of capital, while 1 − α represents the output elasticity of effective labor. Assuming perfect

competition, all firm profits are fully distributed as income to households, which allocate it among consumption,

saving, and taxes levied by the government. Building on the Solow and Romer frameworks, the model incorporates

exogenous saving and tax rates, along with a fixed labor force (LD(t) → LD), consistent with Barro and Sala-

i-Martin (2003), Blanchard and Fischer (1989), and Romer (2019). These lead to the following equilibrium

condition:

YD(t) = CD(t) + sDYD(t) + τDYD(t) (2)
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where SD and τD denote the exogenous saving and tax rates, respectively. As emphasized by Stiglitz (1999),

knowledge is both non-rival and non-excludable. In Romer’s (1986) model, this public good nature led to its

treatment as a by-product of capital accumulation. In contrast, our model introduces a distinct knowledge accu-

mulation process to separate it from capital accumulation while still reflecting the public good nature. This

distinction is motivated by the divergent growth experiences of Asian economies between 1960 and 1989. For

instance, countries such as Indonesia primarily grew through input accumulation, whereas Taiwan and Japan

relied heavily on productivity increases (Page, 1994). Accordingly, the economy is characterized by two distinct

accumulation processes:

K̇D(t) = sDYD(t)− δDKD(t) (3)

where δD denotes the depreciation rate in the developed country. This equation implies that capital accumula-

tion is driven by private investment by firms, which is financed through household saving. In contrast, knowledge

accumulation is governed by:

ẊD(t) = τDYD(t) (4)

This process is financed by public investment funded through taxation. The model abstracts from knowledge

spillovers originating from developing countries, given their inefficient financial systems and shortage of highly

skilled labor. This assumption is supported by empirical evidence that over 70 percent of global patent appli-

cations originate from a small number of high- and upper-middle-income countries (World Intellectual Property

Organization, 2024). Moreover, due to the non-physical nature of knowledge—which tends to retain its value over

time more than physical capital—depreciation is excluded from the process.

Nevertheless, the model has a notable limitation: it abstracts from the role of private investment in knowledge

accumulation, particularly in developed countries. For instance, in the United States, the business sector accounted

for 78% of total R&D expenditures in 2022 (National Science Board, 2024). While this assumption may limit the

model’s alignment with real-world dynamics, public investment continues to play an important role in knowledge

accumulation, even in advanced economies such as Germany, France, and South Korea (National Science Board,

2018). Given this and the public good nature of knowledge, the model still offers useful insights into how their

long-run growth trajectories are shaped.

2.2 Steady-State Outcomes in Developed Countries

Capital per effective labor is defined as the ratio of capital to the product of labor and knowledge:

κD(t) =
KD(t)

XD(t)LD
(5)

Its growth rate is governed by:

˙κD(t)

κD(t)
= sD

(
1

κD(t)

)1−α

− δD − τD(κD(t))αLD (6)
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The steady state is characterized by a zero growth rate of capital per effective labor, representing a long-

run equilibrium. This implies that the economy can sustain a positive long-run output growth rate, which is

determined by the depreciation rate (δD), the saving rate (sD), the tax rate (τD), and the size of the labor force

(LD). Accordingly, changes in saving or tax policies influence the long-run outcomes of developed countries.

The steady-state level of capital per effective labor is implicitly defined by the equation:

κ∗D =

(
sD − κ∗DτDLD

δD

) 1
1−α

(7)

The steady-state level of capital per effective labor (κ∗D) increases with the saving rate and decreases with

the tax rate, labor supply, and depreciation rate. A higher saving rate fosters capital accumulation, enhances its

employment, and increases labor’s share of income relative to capital owners. In contrast, higher tax rates or a

larger labor force reduce capital intensity, thereby shifting income toward capital providers.

At the steady state, the growth rates of capital and knowledge must converge to maintain a constant level of

capital per effective labor. Figure 1 illustrates this condition. The orange curve depicts the growth rate of capital,

while the dark curve shows the growth rate of knowledge, both plotted as functions of capital per effective labor.

The steady state corresponds to the point where these two curves intersect, determining the steady-state level of

capital per effective labor, κ∗D. Consequently, the steady-state output growth rate is given by:

˙YD(t)

YD(t)
= α

(
sD

(
1

κ∗D

)1−α

− δD

)
︸ ︷︷ ︸

Capital Contribution

+(1− α)
(
τD(κ∗D)αLD

)︸ ︷︷ ︸
Knowledge Contribution

(8)

The growth rate consists of two components: α

(
sD

(
1
κ∗
D

)1−α
− δD

)
represents the contribution from capital

accumulation, while (1−α) (τD(κ∗D)αLD) represents the contribution from knowledge accumulation. An increase

in the saving rate raises the steady-state capital per effective labor, which subsequently boosts the long-run growth

of knowledge. Conversely, an increase in the tax rate lowers capital per effective labor, which accelerates capital

accumulation despite a constant saving rate. In other words, saving and tax rates not only directly influence the

accumulation of their respective inputs but also indirectly affect other inputs by altering the equilibrium. Overall,

increases in saving or tax rates tend to promote output growth through both direct and indirect channels.

2.3 Theoretical Setup: Developing Countries

Similar to developed countries, a representative firm in a developing country follows a Cobb–Douglas production

function within a general equilibrium framework:

YL(t) = F (KL(t), XL(t)LL(t)) = KL(t)
α(XL(t)LL(t))

1−α (9)

Output YL(t) depends on capital stockKL(t) and effective laborXL(t)LL(t), whereXL(t) denotes knowledge.

Here, α is the output elasticity of capital, and 1 − α is the output elasticity of effective labor. Under perfect

competition, firms distribute all profits to households, who then allocate income among consumption, saving, and

government taxes. Assuming saving and tax rates are exogenous, and the labor force is fixed (LL(t) → LL), the

developing country’s equilibrium condition mirrors that of developed countries:
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Fig. 1: Growth Rates of Capital and Knowledge in Advanced Economies

Notes: The horizontal axis shows capital per effective labor, while the vertical axis displays the corresponding growth rates of

capital and knowledge. The orange curve illustrates the capital growth rate,
K̇(t)
K(t)

, and the dark curve represents the knowledge

growth rate,
Ẋ(t)
X(t)

, in developed countries. The steady-state level of capital per effective labor (κ∗
D) is identified at the intersection

of these two curves.

YL(t) = CL(t) + sLYL(t) + τLYL(t) (10)

where sL and τL denote the exogenous saving and tax rates in developing countries. Capital accumulates

through private investment funded by household savings and depreciates over time at a constant rate:

K̇L(t) = sLYL(t)− δLKL(t) (11)

Here, δL represents the depreciation rate. In contrast, knowledge accumulation is driven by public invest-

ment—financed through taxation—and by spillovers from developed countries. Accordingly, the dynamics of

knowledge accumulation are characterized by:

ẊL(t) = τLYL(t)︸ ︷︷ ︸
Public Investment

+ω(XD(t)−XL(t))︸ ︷︷ ︸
Knowledge Spillovers

(12)

The term τLYL(t) represents public investment in knowledge, while ω(XD(t)−XL(t)) captures the technology

diffusion from developed countries. This equation highlights two determinants of knowledge spillovers: the degree

of technological openness in developed countries, represented by ω, and the technological gap between developed

and developing countries, captured by (XD(t)−XL(t)). A higher value of ω reflects lower levels of protectionism,

thereby enabling greater spillovers and accelerating knowledge accumulation in developing economies. Likewise,

a wider technology gap amplifies spillovers, under the assumption that countries at earlier stages of development

can benefit more from the broader set of existing technologies already implemented in advanced economies. In

other words, such technologies are often novel to them.
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2.4 Steady-State Outcomes in Developing Countries

Capital per effective labor is defined as the ratio of capital to the product of labor and knowledge:

κL(t) =
KL(t)

XL(t)LL
(13)

The ratio of knowledge levels between developed and developing countries is defined as:

x(t) = max
{XD(t)

XL(t)
, 1
}

(14)

Here, XD(t) and XL(t) represent the knowledge levels of developed and developing countries at time t,

respectively. Unlike developed countries, developing countries benefit additionally from spillovers. Accordingly,

the model incorporates the ratio of knowledge levels to characterize their steady-state dynamics.

Given the assumption of unidirectional spillovers—from developed to developing countries—the model imposes

a lower bound of one on the knowledge ratio (x(t) ≥ 1) to rule out negative spillovers. If the steady-state

ratio is close to one, this is interpreted as the developing country having caught up with the developed country

in terms of both technological and economic development. If the steady-state ratio falls below one, the model

predicts that the developing country will surpass the developed country. However, the model does not account

for post-overtaking dynamics, which represents a notable limitation. Despite this, the model remains informative

by describing the growth trajectory of developing countries prior to overtaking. Furthermore, by deriving their

steady state, it provides a framework for assessing the likelihood of both catch-up and overtaking scenarios. The

corresponding growth rate of capital per effective labor is given by:

κ̇L(t)

κL(t)
= sL

(
1

κL(t)

)1−α

− δL − τL(κL(t))
αLL − ω(x(t)− 1) (15)

The growth rate of the knowledge ratio is expressed as:

ẋ(t)

x(t)
= τD(κD(t))αLD − τL(κL(t))

αLL − ω(x(t)− 1) (16)

The steady state is defined by two conditions: a zero growth rate of capital per effective labor and a constant

knowledge ratio. This equilibrium is jointly determined by the depreciation rate, saving and tax rates, and the

size of the labor force in both developed and developing countries. Consequently, policy decisions in developed

countries have long-run implications for growth in developing countries through knowledge spillovers.

The following expression ensures a constant level of capital per effective labor:

x(t) = 1 +
sL

(
1

κL(t)

)1−α
− δL − τL(κL(t))

αLL

ω
(17)

A constant knowledge ratio between developed and developing countries requires:

x(t) = 1 +
τD(κD(t))αLD − τL(κL(t))

αLL

ω
(18)

7



Denote by κ∗L the steady-state capital per effective labor in developing countries, and by x∗ the steady-state

knowledge ratio. Assuming that developed countries have already reached their steady state—characterized by a

constant knowledge growth rate of g∗D = τD(κ∗D)αLD—the steady-state capital per effective labor is given by:

κ∗L =

(
sL

g∗D + δL

) 1
1−α

(19)

and the steady-state knowledge ratio is given by:

x∗ = 1 +
g∗D − τL

(
sL

g∗
D+δL

) α
1−α

LL

ω
(20)

κ∗L and x∗ jointly satisfy equations (17) and (18). A steady-state knowledge ratio close to one indicates

convergence toward advanced economies, while a ratio below one suggests overtaking. Thus, rearranging equation

(20) with respect to the tax rate reveals the level of public investment required for developing countries to achieve

overtaking:

τL ≥ g∗D
LL

·
(
g∗D + δL

sL

) α
1−α

(21)

Here, g∗D denotes the steady-state knowledge growth rate in developed countries. Given this growth rate, only

developing countries with tax rates above the threshold,
g∗
D

LL
·
(
g∗
D+δL
sL

) α
1−α

, can surpass advanced economies. This

threshold therefore serves as a benchmark for evaluating the likelihood of catching up or overtaking. Alternatively,

countries may raise their saving rates to satisfy inequality (21).

This inequality highlights a fundamental limitation of knowledge spillovers: they do not guarantee convergence

or overtaking. In particular, developing countries must sustain levels of investment in capital and knowledge

accumulation comparable to those in advanced economies. This may explain why many continue to lag behind,

even when benefiting from knowledge spillovers. Moreover, the inequality does not contain the parameter ω,

which reflects openness to technology diffusion. This implies that overtaking is not necessarily contingent on the

degree of technology protection in developed countries. In other words, such policies can preserve their leadership

only if accompanied by substantial domestic investment.

Figure 2 illustrates the steady-state conditions and long-run equilibrium in developing countries. The orange

curve represents the locus of points at which capital per effective labor remains constant, while the dark curve

depicts the condition for a stable knowledge ratio. The intersection of these two curves defines the steady state,

where both capital per effective labor and the knowledge ratio remain constant over time. Notably, the result-

ing steady-state knowledge ratio may exceed one (as indicated by the red dotted line), validating the model’s

prediction of long-run growth in developing countries.

Figure 2 also implies the stable steady state as deviations from this point are not sustained in the long run.

For instance, when the economy is positioned above both curves, both capital per effective labor and the relative

knowledge level decline, guiding the economy back toward the steady state. In contrast, when the economy lies

above the knowledge-constancy curve (dark) but below the capital-stability curve (orange), capital per effective

labor increases while the relative knowledge level declines—again resulting in convergence toward the intersection
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Fig. 2: Steady-State Dynamics of Developing Countries

Notes: The horizontal axis represents capital per effective labor in developing countries, while the vertical axis shows the knowledge
ratio between developed and developing countries. The orange curve depicts the condition for constant capital per effective labor,
˙κL(t)

κL(t)
= 0, and the dark curve represents the condition for a constant knowledge ratio,

ẋ(t)
x(t)

= 0. The intersection of these two

curves defines the steady state, where the knowledge ratio remains above one. A red dotted line marks the knowledge ratio of one.
A gray curve represents a plausible growth trajectory for developing countries.

point. Since developing countries typically start with low knowledge levels and limited capital stocks, their early-

stage growth is likely to follow the gray curve. Ultimately, assuming a steady-state knowledge ratio above one,

developing countries converge to constant growth rates of capital, knowledge, and output, given by:

ẎL(t)

YL(t)
= α

(
sL

(
1

κ∗L

)1−α

− δL

)
︸ ︷︷ ︸

Capital Contribution

+(1− α)
(
τL(κ

∗
L)

αLL + ω(x∗ − 1)
)︸ ︷︷ ︸

Knowledge Contribution

(22)

The growth rate comprises two components: α

(
sL

(
1
κ∗
L

)1−α
− δL

)
captures the contribution from capital

accumulation, while (1− α) (τL(κ
∗
L)

αLL + ω(x∗ − 1)) reflects the contribution from knowledge accumulation.

In the steady state, developing and developed countries eventually share the same output growth rate. Given

a stable knowledge ratio, both countries attain identical knowledge growth rates. Since capital per effective

labor remains constant and the labor force is fixed, both countries also exhibit the same capital growth rate.

Consequently, they experience identical long-run output growth. This implies that if the steady-state knowledge

ratio remains significantly higher than one, the growth of developing countries may decelerate rapidly—even

when a substantial development gap with advanced economies persists. This prediction is consistent with the

North–South model, which emphasizes the structural challenges that hinder developing countries from catching

up to advanced economies (Aristizábal-Ramı́rez, Leahy, and Tesar, 2022; Saito, 2018; Chui et al., 2002). This

may also help explain the middle-income trap, wherein growth slowdowns are more pronounced in middle-income

countries than in low- or high-income economies (World Bank, 2024).
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3 Policy Influences on Long-Run Equilibrium Outcomes

This section analyzes how policy interventions in both developed and developing countries shape their steady-

state conditions and long-run growth trajectories. It begins by evaluating how policies adopted in developed

economies influence the steady-state outcomes of both country groups. It then turns to the effects of developing

countries’ policies on their own growth dynamics. Given the model’s assumption of unidirectional knowledge

spillovers, policy changes in developing countries do not affect advanced economies.

3.1 Developed Countries’ Policies and Their Growth

In developed countries, an increase in the saving rate raises the steady-state level of capital per effective labor,

which in turn accelerates long-run knowledge accumulation. However, the resulting increase in capital per effective

labor partially dampens the pace of capital accumulation. Nonetheless, this deceleration may not fully offset the

initial boost in capital accumulation driven by the higher saving rate. This can be analyzed by differentiating the

capital growth rate with respect to the saving rate:

d

dsD

K̇D(t)

KD(t)
=

(
1

κ∗D

)1−α(
1− sD(1− α)

κ∗D
· ∂κ

∗
D

∂sD

)
(23)

In this expression, the term
∂κ∗

D
∂sD

is expected to be positive. Since equation (7) implies that this term is

relatively small, an increase in the saving rate still tends to accelerate capital accumulation. This result is further

supported by the steady-state condition, which requires the growth rates of capital and knowledge to be equal.

Figure 1 illustrates this dynamic: a higher saving rate shifts the capital growth curve (orange) upward. This shift

leads to a new intersection point with higher growth rates of both capital and knowledge. Conversely, a reduction

in the saving rate lowers the steady-state growth rates of capital, knowledge, and output.

An increase in the tax rate is expected to reduce the steady-state level of capital per effective labor, which

in turn raises the long-run growth rate of capital. However, the resulting decline in capital per effective labor

tends to slow the knowledge accumulation. Nonetheless, this deceleration may not fully offset the initial boost in

knowledge growth induced by the higher tax rate. This can be analyzed by differentiating the knowledge growth

rate with respect to the tax rate:

d

dτD

ẊD(t)

XD(t)
=
(
κ∗D
)α

LD

(
1 +

ατD
κ∗D

· ∂κ
∗
D

∂τD

)
(24)

In this expression, the term
∂κ∗

D
∂τD

is expected to be negative. As this derivative is relatively small, an increase

in the tax rate may still accelerate knowledge accumulation. Figure 1 illustrates this dynamic: a higher tax rate

shifts the knowledge growth curve (dark) upward, resulting in a new intersection point with higher growth rates

of both capital and knowledge. Conversely, a lower tax rate leads to a deceleration in long-run output growth.

These results suggest that increases in either the saving rate or the tax rate ultimately enhance long-run

growth in both output and consumption. The left panel of Figure 3 illustrates the consumption path following an

increase in the saving rate at time t = 0. Following the policy change, consumption initially declines. However,

the dark curve—representing the higher saving rate scenario—has a steeper slope than the baseline (orange),

reflecting a higher long-run growth rate of consumption. Eventually, this curve overtakes the baseline, allowing

10



households to achieve higher levels of consumption in the long run. A similar dynamic appears in the right panel

of Figure 3, which depicts the effect of a higher tax rate. Once again, despite an initial decline, the dark curve

surpasses the baseline (orange), indicating that higher taxation can lead to greater consumption in the long run.

Fig. 3: Effects of Policy Changes in Developed Countries on Their Consumption Growth

(a) Scenario 1: Rising Saving Rate s ↑ (b) Scenario 2: Increase in Tax Rate τ ↑

Notes: In both panels, the horizontal axis represents time, and the vertical axis shows the logarithm of consumption in developed
countries. The saving rate or tax rate increases at t = 0. The left panel illustrates Scenario 1, in which the policy raises the saving
rate (s ↑). The right panel presents Scenario 2, where the tax rate increases (τ ↑). In both panels, the orange curves represent the
baseline without any policy change, while the dark curves depict the scenarios in which the saving or tax rate increases. Parameters
are set as: sD = 0.15 → 0.2, τD = 0.05 → 0.07, δD = 0.1, α = 0.34, and log YD(0) = 2.

3.2 Developed Countries’ Policies and Developing Countries’ Growth

Developed countries can influence the steady-state outcomes of developing countries by changing their own saving

or tax rates. An increase in either rate accelerates knowledge accumulation in developed countries. Since long-run

knowledge growth rates converge across countries through spillovers, such policy changes ultimately boost output

growth in developing countries. Figure 2 illustrates this mechanism: a higher saving or tax rate in developed

countries shifts the constant knowledge ratio curve (dark) upward. As a result, the new steady state features

a higher knowledge ratio (x∗ ↑) and a lower level of capital per effective labor in developing countries (κ∗L ↓).

According to equation (22), this combination yields a higher output growth rate.

These results suggest that spillovers can promote growth universally, even when investment levels in developing

countries remain unchanged. However, a higher knowledge ratio implies that the gap between them and developed

countries widens. This can be examined by differentiating the steady-state knowledge ratio with respect to the

saving or tax rate in developed countries, as shown below:

dx∗

dsD
=

θ∗s,D
ω

(
1 +

α

1− α

τLLL

sL
κ∗L

)
(25)

Here, θ∗s,D = ατDLD

(κ∗
D)1−α

∂κ∗
D

∂sD
captures the effect of the saving rate in developed countries on their long-run

knowledge growth rate (
∂g∗

D
∂sD

). Since θ∗s,D is expected to be positive, the knowledge ratio increases when developed

countries raise their saving rate. Similarly, the derivative of the steady-state knowledge ratio with respect to the

tax rate is given by:
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dx∗

dτD
=

θ∗τ,D
ω

(
1 +

α

1− α

τLLL

sL
κ∗L

)
(26)

Here, θ∗τ,D = (κ∗D)αLD

(
1 + ατD

κ∗
D

∂κ∗
D

∂τD

)
captures the effect of the tax rate in developed countries on their

long-run knowledge growth rate (
∂g∗

D
∂τD

). As shown in equation (24), the small magnitude of
∂κ∗

D
∂τD

implies that θ∗τ,D

is likely to remain positive. Combining this with the above equation, the knowledge ratio is expected to increase

when developed countries raise their tax rate. Consequently, these results highlight a key limitation of knowledge

spillovers: comparable investments are essential in developing countries to catch up with advanced economies.

Developed countries can further widen the gap by restricting technology diffusion—but only when the initial

steady-state knowledge ratio exceeds one. This is confirmed by differentiating the steady-state knowledge ratio

with respect to openness (ω), yielding:

dx∗

dω
= −

g∗D − τL

(
sL

g∗
D+δL

) α
1−α

LL

ω2
(27)

where g∗D = τD(κ∗D)αLD is the long-run knowledge growth rate in developed countries. If the steady-state

knowledge ratio exceeds one—i.e., g∗D > τL

(
sL

g∗
D+δL

) α
1−α

LL—then the derivative is negative. This implies that

greater knowledge protection (ω ↓) exacerbates the gap. Conversely, if the ratio is below one—suggesting eventual

overtaking, as shown in inequality (21)—then the derivative becomes positive. This indicates that knowledge

protection is conditionally effective: it reinforces the dominance of developed countries only when supported by

substantial domestic investment.

Panels (a) and (d) of Figure 4 show how consumption in developing countries responds when developed

countries increase their saving or tax rates at time t = 0. Compared to the baseline (orange), the dark curves

lie above and rise more steeply, indicating convergence to the higher growth rate of developed countries. Panels

(b), (c), (e), and (f) show the corresponding movements of capital per effective labor in developing countries

(κL(t)) and the knowledge ratio (x(t)). Panel (g), in contrast, shows the effect of tighter knowledge protection

in developed countries when the initial steady-state knowledge ratio exceeds one. Although the slope of the

dark curve eventually matches the baseline—indicating a return to the original growth rate—the persistent gap

between the two curves indicates a permanent consumption loss and a wider gap for developing countries. Panels

(h) and (i) show the corresponding movements of capital per effective labor and the knowledge ratio.

3.3 Developing Countries’ Policies and Their Growth

In developing countries, a higher saving rate initially accelerates output growth. However, since they ultimately

converge to the same long-run growth rate as developed countries—and the growth rate in developed countries

remains unchanged—the growth of their capital, knowledge, and output eventually returns to pre-policy-change

levels. Figure 2 illustrates this: a higher saving rate shifts the orange curve for capital per effective labor upward,

leading to a new steady state with a lower knowledge ratio. This suggests that the narrowing knowledge gap

eventually offsets the initial boost, leading to convergence in long-run growth rates. Similarly, an increase in the

tax rate in developing countries initially accelerates output growth. However, the growth rate eventually returns

to their pre-policy-change levels, converging with those of developed countries.
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A lower knowledge ratio in the new steady state indicates that increasing the saving or tax rate in developing

countries can narrow the gap with advanced economies. This effect can be analyzed by differentiating the steady-

state knowledge ratio with respect to the saving rate in developing countries, as shown below:

dx∗

dsL
= − α

1− α

τLLL

ωsL

(
sL

g∗D + δL

) α
1−α

(28)

Similarly, the effect of the tax rate can be examined by differentiating the ratio with respect to the tax rate:

dx∗

dτL
= −LL

ω

(
sL

g∗D + δL

) α
1−α

(29)

Here, g∗D = τD(κ∗D)αLD denotes the long-run knowledge growth rate in developed countries. The negative

values of both derivatives indicate that greater investment by developing countries contributes to closing the gap

and eventually overtaking advanced economies.

Panels (j) and (m) of Figure 4 depict the consumption trajectories of developing countries following an

increase in their saving or tax rate at time t = 0. Initially, these policy changes reduce consumption below the

baseline level (shown in orange). Over time, however, the policy-adjusted curves (dark) become steeper, indicating

a higher growth rate that eventually surpasses the baseline. In the long run, both curves converge to the same

slope, suggesting that the growth acceleration may taper off. Nevertheless, the sustained gap between the two

curves indicates that these investments yield permanently higher consumption and help narrow the output gap

with advanced economies. This underscores the importance of comparable investments by developing countries

in achieving catching up. Panels (k), (l), (n), and (o) show the corresponding movements of capital per effective

labor and the knowledge ratio.

4 Empirical Evidence

This section examines the growth of developing countries while accounting for potential knowledge spillovers

from advanced economies, which may be amplified by large knowledge gaps and high openness. It first shows the

overall relationship between the gaps and their growth. Subsequently, a regression analysis is conducted to assess

whether these spillovers contribute to growth, providing a comprehensive evaluation of the model’s validity.

4.1 Overall Patterns of Knowledge Gaps and Economic Growth

Developing economies typically show the following growth patterns: When the knowledge gap compared with

the technological frontier is large and openness (ω) is high, knowledge inflows ω(XD(t)−XL(t)), combined with

public investment in knowledge, rapidly raise total factor productivity (TFP) and output; As the gap narrows,

the scale of external knowledge inflows diminishes and the growth rate gradually decelerates; In the long run,

growth rates converge while technology gaps persist if the scale of private savings and public investment remains

insufficient to achieve catch-up.

This mechanism is reflected in Equation (22), which decomposes the growth rate into Capital and Knowledge

Contribution. In the knowledge accumulation block, openness ω and the technology gap x interact multiplicatively.

It indicates a complementary relationship that idea inflows require both an open conduit (ω) and a substantial

13



Fig. 4: Effects of Domestic and Foreign Policy Changes on Long-Run Growth in Developing Countries

(a) Scenario 1: logC(t) (b) Scenario 1: κL(t) (c) Scenario 1: x(t)

(d) Scenario 2: logC(t) (e) Scenario 2: κL(t) (f) Scenario 2: x(t)

(g) Scenario 3: logC(t) (h) Scenario 3: κL(t) (i) Scenario 3: x(t)

(j) Scenario 4: logC(t) (k) Scenario 4: κL(t) (l) Scenario 4: x(t)

(m) Scenario 5: logC(t) (n) Scenario 5: κL(t) (o) Scenario 5: x(t)

Notes: In all panels, the horizontal axis represents time, and the vertical axis shows the logarithm of consumption logC(t), capital
per effective labor (κD(t)) in developing countries, and the knowledge ratio (x(t)). Policy changes occur at t = 0. The first to fifth
rows correspond to five scenarios: (1) developed countries increase the saving rate (sD ↑); (2) developed countries raise the tax rate
(τD ↑); (3) developed countries tighten technology protection (ω ↓), assuming the initial steady-state knowledge ratio exceeds one;
(4) developing countries raise the saving rate (sL ↑); and (5) developing countries raise the tax rate (τL ↑). Orange curves show
the baseline, while dark curves show outcomes under each policy intervention. Parameters: sD = 0.15 → 0.2, τD = 0.05 → 0.07,
ω = 0.15 → 0.03, sL = 0.05 → 0.15, τL = 0.01 → 0.05, δD = δL = 0.1, α = 0.34, and log YL(0) = 1.
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knowledge disparity (x). Moreover, when openness is reduced by external shocks such as tariffs imposed by

developed countries, knowledge inflows through multinational networks contract, thereby bringing a slowdown in

line with recent trade war evidence (Fajgelbaum et al., 2020).

These patterns appear in Figure 5. The figure plots, on the horizontal axis, each country’s knowledge ratio

and, on the vertical axis, next-year GDP growth for 178 countries whose TFP is below that of the United

States over 1970–2019. Panel (a) shows the high openness group and (b) the low openness group. Both exhibit

positive slopes, but the slope is steeper among high-openness countries. In other words, a larger technology gap

is associated with faster growth, and this effect is amplified by greater openness, consistent with the model’s

prediction in Equation (22), in particular the knowledge term ω(x− 1).

Fig. 5: Next-year GDP Growth Rates by Knowledge Ratio: High Openness vs. Low Openness

(a) Economies with High Openness ω ↑ (b) Economies with Low Openness ω ↓
Notes: In both panels, the horizontal axis plots the knowledge ratio relative to the U.S., measured by each country’s total factor
productivity (TFP). The vertical axis reports the next-year GDP growth rates for 178 countries with TFP levels below that of the
U.S. during 1970–2019. Each point corresponds to an individual observation, and the red line depicts the fitted trend. Panel (a)
shows the relationship between GDP growth and the knowledge ratio for countries with a foreign direct investment–to–GDP ratio
above the median (1.51%), while Panel (b) shows the corresponding relationship for countries below the median. The slopes of the
fitted lines are 0.692 (0.106) for Panel (a) and 0.410 (0.095) for Panel (b), with robust standard errors in parentheses.

4.2 Data

To examine the model more rigorously, we assemble an annual country–year panel for 1960–2019 from the World

Bank, the Penn World Table, and the United Nations Statistics Division (UNSD), and merge in U.S. bilateral

trade series from the United States International Trade Commission (USITC) DataWeb, which are available for

1989–2019.

Let k denote a country, t index years, and c(k) indicate the subregion to which country k belongs. The relative

knowledge ratio, xk,t, is defined as:

xk,t =
TFPUS,t

TFPk,t
− 1 (30)

where TFPUS,t and TFPk,t denote total factor productivity in the United States and in country k at time t,

respectively. TFP levels are taken from the Penn World Table and expressed relative to the U.S. as the technology

frontier.
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Table 1: Descriptive statistics for Knowl-
edge Gaps and Openness

N Mean Std. dev. Median

Panel A: FDI as Openness

xk,t 4,224 0.817 0.887 0.503

ωFDI
k,t 6,541 3.068 4.440 1.605

Panel B: U.S. Imports as Openness

xk,t 3,036 0.922 0.983 0.565

ωIM
k,t 4,617 0.038 0.053 0.014

Notes: Panel A uses data from 1960–2019, and Panel B
uses data from 1989–2019. The sample trims the bot-
tom and top 1% of GDP growth rate and the relevant
openness measure and keeps xk,t > 0.

The openness enters through two complementary channels, as follows:

ωFDI
k,t =

FDIk,t
GDPk,t

(31)

where FDIk,t denotes net foreign direct investment inflows to country k at time t, and GDPk,t denotes the

gross domestic product of country k at time t.

ωIM
k,t =

IMUS,k,t

GDPk,t
(32)

where IMUS,k,t denotes imports of country k from the United States at time t, and GDPk,t again denotes

the gross domestic product of country k at time t. Here, FDIk,t and GDPk,t are sourced from the World Bank,

and IMUS,k,t is obtained from the USITC.

We treat the United States as the technology frontier in our framework (Equation (30)) and proxy openness

through two complementary channels defined in Equation (31) and (32): net FDI inflows and U.S. merchandise

imports as a share of GDP. The FDI measure captures exposure to multinational activity and associated knowl-

edge transfers via managerial practices, worker training, and especially vertical supply-chain linkages which have

been shown to raise domestic firms’ technology and productivity (Javorcik, 2004). Accordingly, FDI generates

positive productivity spillovers to domestic suppliers through backward linkages to foreign headquarters.

The U.S. imports measure is intended to capture learning by importing from U.S. sources. Imports include

sophisticated intermediate inputs and capital goods that transmit foreign know-how. Micro evidence suggests

that improved access to imported inputs yields substantial within-firm productivity gains (Halpern, Koren, and

Szeidl, 2015). Given that the United States defines the TFP frontier in our setting, a share of imports from the

U.S. is a reasonable indicator of exposure to frontier technologies.

Additionally, we use the World Bank’s annual real GDP growth rate and the UNSD regional/continental

classifications. We drop the bottom and top 1% of the GDP growth rate and of each openness measure, and

restrict the sample to observations with xk,t > 0 to focus on countries below the U.S. TFP. We then construct

gk,t+1 as the next-year growth rate, i.e., the within-country lead of the GDP growth rate.
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Table 1 shows summary statistics for the core variables used in the analysis. The median knowledge gap xk,t

is 0.50 in the FDI sample and 0.57 in the U.S. imports sample, indicating sizable distance from the U.S. frontier.

Net FDI inflows (percent of GDP) average 3.07 with a median of 1.60, while exposure to U.S. merchandise imports

averages 0.04 of GDP with a 0.01 median. Overall, the dispersion is substantial across variables: the coefficient

of variation exceeds one for all series, for example, 1.09 for the knowledge gap, 1.45 for FDI openness, and 1.25

for U.S. imports openness, indicating heavy cross-country heterogeneity, right-skewness, and time variation that

the regressions exploit.

4.3 Regression Results

This section presents a regression analysis to assess how knowledge spillovers from advanced economies have

influenced the growth of developing countries.

The regression specification, which follows the equation (22), is given by:

gk,t+1 = σt + σk + σc(k),t + β xk,t + γ xk,t · ωk,t + ϵk,t (33)

where gk,t+1 denotes the GDP growth rate of country k at time t+1, corresponding to
ẎL(t)
YL(t)

in equation (22).

The terms σt, σk, and σc(k),t represent year, country, and subregion–year fixed effects, respectively. Standard

errors are clustered by country.

Table 2: Effect of Knowledge Gaps and Openness on GDP Growth Rate

(1) Gap-only (2) Gap × Openness (3) Gap × High-Openness

Panel A: FDI as Openness
xk,t 0.861∗∗∗ 0.642∗∗∗ 0.629∗∗∗

(0.210) (0.187) (0.211)

xk,t · ωFDI
k,t 0.062∗∗

(0.026)

xk,t · 1(ωFDI
k,t > P50) 0.492∗∗

(0.191)

Time Fixed Effects Yes Yes Yes
Country Fixed Effects Yes Yes Yes
Continent− Time Fixed Effects Yes Yes Yes

R2 0.399 0.403 0.402
N 4,026 4,026 4,026

Panel B: U.S. Imports as Openness
xk,t 0.465∗ 0.327 0.290

(0.248) (0.239) (0.230)

xk,t · ωIM
k,t 5.974∗∗

(2.777)

xk,t · 1(ωIM
k,t > P50) 0.364∗

(0.196)

Time Fixed Effects Yes Yes Yes
Country Fixed Effects Yes Yes Yes
Continent− Time Fixed Effects Yes Yes Yes

R2 0.427 0.429 0.429
N 2,904 2,900 2,904

Notes: Dependent variable is next-year GDP growth. All regressions include year, country, and subregion-year fixed effects.
Standard errors are clustered by country. The sample trims the bottom and top 1% of the GDP growth rate and of the
relevant openness variable, and restricts to xk,t > 0. Significance: ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 2 confirms the predictions from the model that larger technology gaps are associated with faster sub-

sequent growth, holding country, year, and subregion-year effects constant. And this gap–growth link is stronger

when a country is more open to foreign technology. The gap-only column (1) in both panels shows a positive

and statistically significant coefficient on xk,t, indicating that economies farther below the U.S. knowledge levels

grow faster on average, consistent with catch-up dynamics predicted by the model. In the Panel A, column (2),

the interaction is positive and significant as well with γ̂ = 0.062. Because ωFDI
k,t is recorded in percentage points,

moving from 1% to 5% FDI as a percentage of GDP, i.e. a 4 percent point increase, raises the gap–growth slope

by about 0.062× 4 ≈ 0.25. This finding suggests that greater openness generates substantial spillovers, fostering

more rapid economic growth even among countries with comparable technological gaps. In the column (3), the

slope is significantly steeper for the group above the median FDI intensity with coefficient 0.492.

In the Panel B, column (2), the interaction is likewise positive and significant with coefficient 5.974. Since

ωIM
k,t is a share, a 5% exposure implies an amplification of roughly 5.974× 0.05 ≈ 0.30 in the gap–growth slope.

The high-openness dummy version in column (3) yields a positive slope difference above the median exposure

with coefficient 0.364.

Taken together, the evidence shows a robust, positive association between the knowledge gap and next-year

growth, and a stronger translation of gaps into growth when channels for idea inflows are wider. This patterns

maps directly into the model’s knowledge-accumulation term, where the contribution scales with both the gap

and openness, implying complementarity.

5 Conclusion

Although the Great Convergence—the narrowing of the gap between developed and developing countries-has

been widely discussed in the literature, the recent growth slowdown in middle-income countries underscores the

inherent challenges of such catch-up. To better understand the drivers of this difficulty, we develop an endogenous

growth model incorporating a dual-input accumulation process and unidirectional knowledge spillovers from

advanced to less-developed countries. Specifically, we first derive the steady state of advanced economies and,

building on this framework, derive the corresponding steady state for developing countries. This allows us to

identify the conditions under which overtaking and convergence may occur. Next, we examine the impact of key

policies, related to capital and knowledge accumulation, on both the implementing countries and those linked

by spillovers. Finally, we conduct empirical analysis, incorporating foreign direct investment (FDI) and imports

from the United States as proxies for openness.

Our work demonstrates that both overtaking and convergence are jointly determined by domestic investment

and that of advanced economies. Specifically, developing countries must sustain investment levels comparable to

those of advanced economies, underscoring the structural difficulty of achieving catch-up. We further highlight

a robust association between a country’s growth rate and its knowledge gap relative to advanced economies.

This relationship is amplified by substantial inflows of FDI and U.S. imports, offering empirical support for our

model’s prediction: that knowledge inflows are enhanced by both a wide technological disparity and a high degree

of spillover permissiveness. Together, our work provides a plausible framework for understanding why growth in
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developing countries can decelerate despite a persistent gap, and how advanced economies influence their growth

in open economic systems.

This study opens several promising avenues for future research. First, the post-overtaking growth trajectories

of developing countries remains an open question. Incorporating multi-directional knowledge spillovers could yield

a more realistic characterization of their growth dynamics beyond the point of overtaking. Second, future work

could integrate additional indicators—such as the ratio of skill-intensive imports to GDP—to assess the model’s

validity with greater precision. These extensions would contribute to a more nuanced and robust understanding

of growth dynamics in developing economies.
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