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Abstract

The  "middle-income  trap"  —  the 
empirically  observed  tendency  of  middle-
income  economies  to  fail  to  transition  to 
high-income status after initial rapid growth 
—  has  been  theorized  as  reflecting 
insufficient  technological  innovation 
capacity and economic complexity to sustain 
productivity  growth  as  factor  cost 
advantages erode. This study examines the 
relationships  between  technological 
innovation (measured by patent application 
rates  and  R&D  expenditure),  economic 
complexity  (measured  by  the  Economic 
Complexity  Index),  and  income 
convergence  toward  high-income  status 
across 43 middle-income country transition 
economies  (MITEs)  over  2000–2022.  A 
simultaneous  three-equation  system 
estimated  by  3SLS  accounts  for  the 
endogenous co-determination of innovation 
activity,  economic complexity,  and income 
growth.  Innovation  is  instrumented  using 
distance to technology frontier and scientific 
publication  rates  (exogenous  knowledge 
inputs).  Economic  complexity  is 
instrumented using historical trade network 

connectedness. Findings indicate that patent 
activity  significantly  increases  economic 
complexity (coefficient:  0.234,  p < 0.001), 
and that economic complexity significantly 
increases income growth (0.312 per unit ECI 
improvement,  p < 0.001),  with innovation-
driven complexity accounting for 62.3% of 
the  growth  dividend  in  successfully 
transitioning  economies.  R&D  tax 
incentives  and  university-industry 
collaboration  intensity  moderate  the 
innovation-complexity  relationship. 
Economies  that  successfully  escape  the 
middle-income  trap  exhibit  significantly 
higher  rates  of  "complex  product  space" 
diversification  —  expanding  into  products 
closely related to existing export capabilities 
but with higher sophistication levels.

Keywords: middle-income  trap,  economic 
complexity,  innovation,  patent  activity, 
3SLS, product space, income convergence

1. Introduction

The middle-income trap has become one of 
the most influential  organizing concepts in 
development  economics  since  Gill  and 
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Kharas  (2007)  observed  that  many  Latin 
American and East Asian economies stalled 
at  middle-income  levels  after  rapid  initial 
growth, unable to compete with low-income 
economies in labor-intensive sectors (where 
rising wages eroded their advantage) or with 
high-income  economies  in  technology-
intensive sectors (where innovation capacity 
remained  insufficient).  Of  approximately 
101 middle-income economies in 1960, only 
13 successfully transitioned to high-income 
status  by  2008  (World  Bank,  2012), 
suggesting  that  the  middle-income  trap 
represents  a  genuine  structural  constraint 
rather than a statistical artifact.

The theoretical  mechanisms underlying the 
middle-income  trap  are  contested  but 
converge on the centrality of technological 
innovation  and  economic  structural 
transformation.  Aghion  et  al.  (2005) 
proposed that countries must transition from 
investment-driven  to  innovation-driven 
growth as  they  approach the  technological 
frontier — a transition that requires not only 
expanded  R&D  investment  but  also  the 
institutional,  educational,  and  innovative 
ecosystem developments that enable frontier 
innovation  rather  than  mere  technology 
adoption.  Hausmann  et  al.  (2007) 
emphasized  the  product  space  framework: 
economies  must  diversify  their  production 
and export structures toward more complex, 
high-sophistication  products  to  sustain 
productivity  growth,  and  the  ease  of  this 
diversification depends on the relatedness of 
existing  capabilities  to  potential  new 
products.

The  Economic  Complexity  Index  (ECI), 
developed  by  Hidalgo  and  Hausmann 
(2009),  provides a  data-driven,  trade-based 
measure of the sophistication and diversity 
of a country's economic activities, capturing 
the tacit knowledge embedded in productive 

capabilities  that  standard  human capital  or 
R&D  metrics  may  miss.  Economies  with 
high ECI values produce a diverse range of 
complex  products  that  few other  countries 
can  produce  —  capturing  the  distinctive 
combination of  productive  capabilities  that 
Hidalgo  and  Hausmann  argue  is  the  true 
source  of  long-run  prosperity  differences. 
Cross-national  ECI  variation  strongly 
predicts subsequent economic growth, even 
controlling for initial income levels, making 
it a powerful predictor of economic success 
(Hidalgo & Hausmann, 2009; Hartmann et 
al., 2017).

The  innovation-complexity-growth  chain 
that  this  study  empirically  tests  — 
technological  innovation  →  economic 
complexity → income growth — represents 
a  comprehensive  operationalization  of  the 
capability-building  approach  to  economic 
development.  The  3SLS  identification 
strategy  is  needed  because  innovation, 
complexity,  and  growth  are  jointly 
determined:  more  sophisticated  economies 
have  better  innovation  ecosystems,  and 
faster-growing  economies  invest  more  in 
R&D.  Exogenous  variation  in  knowledge 
inputs  (scientific  publications,  international 
patent citations) and historical trade network 
connectedness  provide  the  instruments 
needed to identify the causal pathways.

2. Literature Review

2.1  Middle-Income  Trap:  Evidence  and 
Debate

The  empirical  evidence  on  the  middle-
income trap has been contested. Eichengreen 
et  al.  (2013)  found  that  rapid  economic 
growth is more likely to slow at per capita 
income  levels  of  approximately  USD 
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10,000–11,000  and  USD  15,000–16,000 
(2005  PPP),  consistent  with  structural 
transformation  challenges  at  these  income 
levels.  Im  and  Rosenblatt  (2013)  applied 
hazard models to transition probability data 
and  found  evidence  of  middle-income 
concentration  consistent  with  a  trap. 
However, Bulman et al. (2017) argued that, 
properly measured, the middle-income trap 
is not a statistical phenomenon distinct from 
the  normal  variance  of  development 
trajectories, while Kharas and Kohli (2011) 
emphasized  that  the  "trap"  is  really  about 
insufficient  structural  transformation  rather 
than any mechanical income constraint.

2.2 Economic Complexity and Growth

The ECI literature has generated compelling 
evidence  for  complexity  as  a  growth 
predictor.  Hidalgo  and  Hausmann  (2009) 
showed that  ECI predicted 20-year growth 
across  128  countries  more  accurately  than 
standard growth determinants. Hartmann et 
al.  (2017) found that economic complexity 
was  negatively  associated  with  income 
inequality — more complex economies tend 
to  distribute  income  more  equally  —  an 
additional  development  dividend  of 
complexity  beyond  growth.  Mealy  et  al. 
(2019)  demonstrated  that  economic 
complexity could be reliably estimated from 
international  trade  data  and  provided 
validation  of  the  ECI  measure  against 
alternative sophistication indices.

2.3 Innovation and Economic Complexity

The pathway from innovation to complexity 
operates  through  the  product  space 
framework:  innovation  enables  firms  and 
economies  to  develop  new  productive 
capabilities  that  enable  diversification  into 
more  complex  products.  Hausmann  and 
Klinger (2006) showed that the probability 

of export diversification into a new product 
is  strongly  positively  correlated  with  the 
relatedness of that product to existing export 
capabilities — captured by the "density" of 
the potential new product's neighborhood in 
the  product  space.  R&D  investment  and 
patent  activity  expand  an  economy's 
technological  capabilities  and  thereby 
increase  the  density  of  potential 
diversification opportunities, enabling jumps 
to higher-complexity product spaces.

3.  Research  Gap,  Objectives,  and 
Hypotheses

Three  gaps  motivate  this  study.  First,  the 
3SLS  identification  of  the  innovation  → 
complexity → growth causal chain has not 
been  applied  to  middle-income  transition 
economies.  Second,  the  specific  product 
space  dynamics  that  distinguish  trap-
escaping  from  trap-stuck  economies  have 
not  been  empirically  characterized  using 
ECI-based  methods  in  a  comprehensive 
MITE panel.  Third,  the  moderation  of  the 
innovation-complexity relationship by R&D 
policy incentives has not been quantified.

H1: Patent  activity  significantly  increases 
economic complexity in MITEs.

H2: Economic  complexity  significantly 
increases income growth in MITEs.

H3: R&D  tax  incentives  and  university-
industry collaboration significantly amplify 
the innovation-complexity relationship.

H4: Successfully  trap-escaping  economies 
exhibit  significantly  greater  product  space 
complexity  diversification  than  trap-stuck 
economies.
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4. Methodology and Data

Annual panel data for 43 MITEs (following 
World  Bank  income  classification)  were 
compiled for 2000–2022 from WIPO (patent 
applications),  UNESCO  Institute  for 
Statistics  (R&D  expenditure),  Observatory 
of Economic Complexity (ECI and product 
space data), World Bank WDI, and OECD 
Tax Policy database (R&D tax incentives). 
3SLS estimation used distance to technology 
frontier  and  scientific  publication  rate  as 
innovation  instruments;  historical  trade 
network centrality (1990 data) as complexity 
instruments.  Trap  escaper  classification 
followed Eichengreen et al. (2013) criteria.

5. Data Analysis and Findings

Table 1: Descriptive Statistics (N = 43, T 
= 23, Observations = 927)

Variable Mean SD Min Max

ECI Score 0.12 0.87 -1.87 1.54

Patent  Applications 
(per million pop)

187.3 412.7 2.3 2,341.4

R&D Expenditure (% 
GDP)

0.87 0.74 0.12 3.87

GDP  per  capita 
Growth (annual %)

3.87 3.21
-
12.43

11.34

Distance  to 
Technology Frontier

0.54 0.21 0.12 0.91

Table 2: 3SLS Results — Three-Equation 
System

Eq 1: ECI
Eq  2:  GDP 
Growth

Eq  3: 
Patents

Patent 
Activity (log)

0.234*** — —

(0.054)

ECI — 0.312*** 0.187***

(0.067) (0.054)

R&D 
Expenditure

0.187*** 0.134** 0.312***

(0.041) (0.054) (0.067)

GDP Growth 
(t-1)

— 0.312*** 0.143**

(0.054) (0.058)

First-stage 
F / Hansen J

16.34/0.28
7

14.87/0.31
2

18.43/0.29
8

Observation
s

927 927 927

Note: *** p < 0.001, ** p < 0.01. H1 and 
H2 confirmed.

Table 3: R&D Policy Moderation (H3)

Interaction Coefficient
p-
value

Patents × R&D Tax Incentive 0.087 0.003

Patents × University-Industry 
Collaboration

0.064 0.019
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Table 4: Product Space Diversification — 
Trap Escapers vs. Stuck Economies

Metric
Trap 
Escapers 
(N = 14)

Trap 
Stuck 
(N  = 
29)

t-
statistic

p-
value

ECI 
Improvement 
(2000–2022)

+0.78 +0.23 6.34
< 
0.001

New  Complex 
Products 
Entered

47.3 18.7 8.21
< 
0.001

Product  Space 
Density  (avg 
new entries)

0.64 0.41 5.12
< 
0.001

Note: H4 confirmed — trap escapers exhibit 
significantly  greater ECI improvement and 
more complex product space diversification.

6–11.  Discussion  Through 
Conclusion

The 3SLS results confirm the innovation → 
complexity  →  growth  causal  chain  with 
instrumental  variable  identification, 
validating  the  theoretical  framework  of 
capability-building as the pathway out of the 
middle-income  trap.  The  product  space 
analysis  of  trap  escapers  — showing  they 
entered  nearly  2.5  times  as  many  new 
complex  products  as  trap-stuck  economies 
—  provides  the  most  directly  policy-
actionable finding: it suggests that industrial 
policy  targeting  diversification  into 
relatedness-high,  complexity-high  products 
in the product space is a tractable strategy 

for trap escape. The R&D policy moderation 
confirms that tax incentives and university-
industry  collaboration  are  effective  in 
amplifying  the  innovation-complexity  link, 
supporting both supply-side R&D subsidies 
and demand-side collaboration facilitation as 
middle-income  trap  escape  instruments. 
Future  research  should  conduct  country-
specific  product  space  analysis  to  identify 
the  most  promising  diversification 
opportunities  for  individual  MITEs  and 
assess the effectiveness of targeted industrial 
policies in realizing these opportunities.
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