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“Is there some action a government of India could take that would lead the Indian economy to grow
like Indonesia’s or Egypt’s? If so, what, exactly? If not, what is it about the ’nature of India’ that makes it
so? The consequences for human welfare involved in questions like these are simply staggering: Once one
starts to think about them, it is hard to think about anything else.”
x Robert E. Lucas, Jr. (1988, p. 5)

Introduction

These words by the Nobel Laureate Chicago economist Robert Lucas Jr. summarize why so
many great scholars found it hard to “think about anything else” and spent their careers trying to
understand the process of economic growth. Economies are complex systems resulting from the
actions of many actors. This complexity makes it challenging, but also infinitely interesting, to
understand the determinants of economic growth. What are the roles of human capital, fertility,
ideas, basic science, and public policy for growth? These are just some of the important questions
that were posed by many highly influential studies featured in the issues of the Journal of Political
Economy (J.P.E.) over the years. Indeed, this journal has been the platform to diffuse many of the
brilliant ideas and start important debates in the field of economic growth. In this short paper,
my goal is to revisit some of those seminal papers, briefly describe some of the more recent
contributions, and end with some thoughts about the future direction of the field. The reader
should note in advance that the list of work covered here is by no means exhaustive and mostly
targets work that has been featured in issues of the J.P.E.

∗This paper is written for the special issue of the Journal of Political Economy to celebrate its 125th anniversary .
I would like to thank my colleagues, current and former students for very valuable feedback and discussions. The
paper reflects solely my own views.
†Author’s Address: University of Chicago - Department of Economics, NBER, and CEPR (uakcigit@uchicago.edu).
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The Past

In this section, I discuss some of the past seminal contributions to the field of economic
growth. The papers will be grouped under the following subtopics: (i) capital accumulation, (ii)
innovation, (iii) technology adoption, (iv) human capital and fertility.

Physical Capital Accumulation, Spillovers, and Growth For a long time, the workhorse to
study economic growth was the neoclassical growth model [Ramsey (1928), Cass (1965), Koop-
mans (1965)]. The main difference to the classic Solow-Swan model [Solow (1956), Swan (1956)] is
that the neoclassical model explicitly endogenizes the savings rate through a utility maximizing
household. One of the key components of both models is the production function:

Yt = AKα
t L1−α

t (1)

where Yt is aggregate output at time t, Kt is the capital stock, Lt is the labor, A is the level of
productivity, and α ∈ (0, 1).1 A major implication of the neoclassical and the Solow-Swan models
is that capital accumulation can serve as a source of short-run economic growth, but cannot be
a driver of long-run growth because of decreasing returns through α < 1. These models predict
"convergence in per-capita income," whereby poorer countries grow faster until they catch up
with richer countries.

The J.P.E. featured many influential empirical and theoretical works on economic growth. On
the empirical side, Barro and Sala-i Martin (1992) tested the convergence result of neoclassical
theory. In this work, Barro and Sala-i Martin studied the growth rates of 48 U.S. states between
1840-1963 as a function of their initial per-capita income and found significant empirical evidence
for convergence at the state level. Barro and Sala-i Martin also analyzed the convergence hypoth-
esis in the cross-country data. This time their results were more mixed. The authors identified
convergence only after controlling for school enrollment rate and the ratio of government con-
sumption to GDP. They thus provide some evidence for "conditional convergence" at the country
level.

A production function with decreasing returns was the main reason for why endogenous
growth did not occur in the neoclassical growth model. In one of the seminal J.P.E. papers,
Romer (1986) overcame the problem of decreasing returns and generated endogenous long-run
growth by introducing spillovers which led to increasing returns in the production function. In
this model, growth resulted from the combination of capital accumulation and the associated
spillovers. More specifically, Romer assumed productivity to be a linear function of the capital
stock:

At = γKt.

In this model, just like the neoclassical model, markets are perfectly competitive and knowledge
creation is simply a byproduct of capital accumulation. Therefore, one can also interpret produc-
tivity formation as coming from learning-by-doing. Stokey (1988) was another great J.P.E. paper

1This is the particular specification used to facilitate the discussion in this paper. This production function can be
written in a more general constant returns form.
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that showed how economywide learning-by-doing could lead to sustained long-run growth. It
was not until Romer’s later work, which I will describe below, that agents in the economy had
explicit incentives to create new ideas. While Romer (1986) introduced productivity spillovers
through capital accumulation, Lucas (1988) introduced similar spillovers through human capital
externalities. In their interesting J.P.E. paper, Glaeser, Kallal, Scheinkman, and Shleifer (1992)
empirically study the existence of knowledge spillovers within and across industries.

On the theory side, Rebelo (1991) is one of the well-known J.P.E. papers that generated en-
dogenous long-run growth by eliminating the decreasing returns from the neoclassical produc-
tion function (1). This paper considered the so-called "AK Model," in which the production
technology does not feature labor and is linear in capital with α = 1:

Yt = AKt.

In this model, the linear structure prevents capital accumulation from running into decreasing
returns and can generate long-run growth. This tractable framework allowed Rebelo to also study
the impact of public policy on economic growth, which was not possible in the Ramsey-Cass-
Koopmans or Solow-Swan models since they did not generate long-run endogenous growth.

It is now widely accepted in the literature that the world economy has experienced a persis-
tent technological progress over the past 200 years and R&D and innovation have played a central
role in the advancement of the world technology frontier during this period (Acemoglu, 2008).
Unfortunately endogenous growth models based on the neoclassical framework were insufficient
and had little to say about this aspect of economic growth. Therefore early 90s saw the rise of
innovation-based growth models, as I explain next.

Innovation-based Growth New technologies emerge as a result of costly R&D efforts by in-
dividuals and companies. The new technologies eventually introduce into the market a new
product variety as in Romer (1990) or a better version of an existing product or technology that
makes the earlier version obsolete through Schumpeterian creative destruction as in Aghion and
Howitt (1992) and Grossman and Helpman (1991). An entrepreneur’s or firm’s incentive to
undertake these costly R&D efforts is to gain market power. These explicit efforts and market
incentives were missing in the endogenous growth models based on a neoclassical framework.

The new ingredient in the innovation-based endogenous growth models is the production
function for ideas. The number of new ideas – the change in productivity Ȧ– is assumed to be
a function of the existing knowledge stock At and the number of researchers R who spent time
producing them:

Ȧt = δAtR (2)

where δ > 0 captures the research productivity. In these models, agents face an occupational
choice. Individuals can work either as production workers (L) and earn the production wage (wt)
or as research workers (R) who produce a new ideas and receive the return to their innovation
(Vt). The key equation is the free-entry condition into research, which determines the allocation
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of the work force to the production and research sectors:

wt = VtδAt

This equilibrium split of the workforce determines the current level of production through L and
the rate of growth of knowledge (and hence per-capita income) through R.

Romer’s model views each innovation as the introduction of a new product variety that be-
comes a permanent part of the economy and the inventor of which becomes its permanent pro-
ducer. Thus, the model abstracts from competition, firm exit, and firm turnover. Schumpeterian
models, on the other hand, prioritized the Industrial Organization aspect of economic growth.
Through the notion of creative destruction, Schumpeterian models introduced firm entry-exit
and competition into the endogenous growth literature [e.g., Aghion and Howitt (1992), Gross-
man and Helpman (1991)]. This feature has been essential to map these models to the firm and
inventor-level micro data and estimate them, as I explain below. Moreover, these features enable
Schumpeterian models to generate richer policy implications. Since the Romer-style product va-
riety models feature uninternalized spillovers through (2), they generate major underinvestment
in R&D and call for research subsidies. Schumpeterian models, on the other hand, brought in
a competitive force through the so-called "business stealing" effect whereby new entrants try to
replace incumbents through new innovations. If the spillovers associated with each innovation is
not big enough, the social return from it would be less than the private return which, in equilib-
rium, could make firms overinvest in R&D. Therefore Schumpeterian models call for empirical
estimates of the spillovers and business stealing externality to inform optimal policy.

In the innovation-based growth models, the R&D production function in (2) has been taken
as a reduced form representation, in which some inputs (either human capital or R&D dol-
lars) turn into innovations. However, a few papers have studied this production function in
detail and tried to understand the steps that lead to innovation. One of the key findings of
this literature has been that there are at least two steps in creating a practical innovation. First,
universities, public research labs, and occasionally private firms, invest in theory-oriented and
abstract "basic research" to produce fundamental, essential, first-stage background knowledge in
the form of theories and equations. In the second step, profit seeking innovators and companies
invest in more familiar, data- or end-product-oriented "applied research" to produce practical
and patentable findings. For instance, Wallace Carothers’ basic research led to the invention of
the famous Carothers’ equation that formed the basis for the applied research by DuPont which
resulted in the invention of "nylon". What are the incentives to do basic research? What are the
roles of government and universities in innovation and economic growth? These were the key
questions that Richard Nelson investigated in his highly influential J.P.E. article (Nelson, 1959).
He questioned the sources of spillovers from basic research and discussed the reasons why some
firms would invest more in basic research that is more uncertain, with less clear goals, less close
ties to specific practical problems or to the creation of a specific object. Nelson’s answer to this
question was that successful scientific advances through basic research have often many practical
applications which are not predictable ex-ante. These scientific findings form the key inputs for
many subsequent applied research projects which can then lead to practical and patentable find-
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ings. Because of this nature of basic research, firms are unlikely to utilize all the economic value
through patents. Further, a research finding that has applications in one field or sector might
have applications in many others. He noted that, “it is for this reason that firms which support
research toward the basic-science end of the spectrum are firms that have fingers in many pies”
(Nelson, 1959, p. 302). Even though this is a fundamental problem for innovation policy, the split
between basic and applied research and the explicit role of the universities in the growth process
are still understudied.2

Relatedly, in his well-known J.P.E. article (Jones, 1995), Chad Jones questioned the R&D pro-
duction function (2). The basis for Jones’ critique was that one of the key implications of the
endogenous growth models that used (2) is that increased population size is associated with in-
creased steady-state growth rate. This was due to the fact that larger population raises the return
to innovation through the so-called "market size effect" and also increases the supply of potential
researchers to do R&D. Jones argued that these predictions were empirically not plausible since
larger countries do not necessarily grow faster and even though the U.S. increased its R&D effort
over the years, its growth rate did not go up. He proposed a "semi-endogenous" growth model
by modifying the R&D production function of (2) as follows:

Ȧ = δAφRλ

where φ, λ ∈ (0, 1). This modification removed the impact of the population level and led to
the following long-run growth rate: g = λn/(1− φ) where n is simply the rate of population
growth. A strong prediction of Jones’ specification is that long-run growth is affected only by the
exogenous population growth rate n and invariant to any government policy. This paper started
the "scale-effect" debate in the literature.

During the 90s, the J.P.E. was the stage of the "scale-effect" debate. Soon after Jones’ influential
paper, the J.P.E. published two other interesting articles by Alwyn Young (Young, 1998) and
Peter Howitt (Howitt, 1999) who proposed "product proliferation" as a remedy to the "scale-
effect" problem. Howitt’s solution, which builds on Young’s proliferation idea is to propose a
mechanism whereby, as the number of product varieties in an economy grows, the effectiveness
of research effort on each variety decreases as the population gets spread more thinly over a
larger number of varieties. This makes the expected growth rate in each variety independent of
the overall population level while preserving the role of policy for economic growth.

Technology Adoption and Growth While countries at the world technology frontier grow
through innovations, non-frontier countries grow mostly through imitation or technology adop-
tion. Why do some countries adopt new technologies while others do not? In their seminal J.P.E.
paper, Murphy, Shleifer, and Vishny (1989) study this question. They theoretically formalize the
famous “big-push” hypothesis of industrialization of Rosenstein-Rodan (1943). In their analysis,
there is an underlying market size effect that works through the complementarities between dif-

2A notable exception is the recent work by Akcigit, Hanley, and Serrano-Velarde (2016) that shows that even after
controlling for firm size, firms that operate in more industries are more likely to invest in basic research. This finding
provides empirical support to Nelson’s "fingers in many pies" hypothesis of basic research.
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ferent sectors in the economy. When certain firms or industries invest in new technologies, these
investments also raise demand in other industries. The investing firm only receives a fraction of
their contribution to the profits in the overall economy. Therefore, each individual firm might
not find it profitable to adopt in a new technology, whereas a coordinated investment by all firms
could justify such a technology adoption. As a result, in those economies where actions can be
coordinated through public policies, firms might be willing invest in new technologies and can
generate a big push that leads to industrialization.

In another well-known J.P.E. paper, Stephen Parente and Edward Prescott studied the macroe-
conomic implications of barriers to technology adoption (Parente and Prescott, 1994). One of the
major shortcomings of the neoclassical growth model is its inability to generate empirically plau-
sible income differences across countries. Parente and Prescott fixed this problem by extending
the neoclassical growth model to incorporate firm investment for technology adoption from the
world frontier. Country-specific barriers to technology adoption, due to weak property rights
or other institutional aspects, could hinder the flow of technologies, leading to the observed
technology and income gaps across countries.

Relatedly, in another important J.P.E. paper, Katz and Shapiro (1986) studied the importance
of network externalities in technology adoption. This paper showed that technology adoption
could depend on whether a technology is "sponsored," i.e., whether an entity owns the right
to that technology and therefore has the incentives to promote it. An important aspect in this
analysis is the dynamic consideration of technology adoption. For instance, this paper highlights
the concept of "penetration pricing," a strategy of offering low prices today to build up a network
and influence the expectations of the customer about the future size of the network. In this case,
it is possible that an inferior technology might get adopted because it is sponsored by an entity
that strategically affects the size of the network.

Empirical studies on technology adoption have been relatively rare. The influential J.P.E.
article by Foster and Rosenzweig (1995) studied the "Green Revolution" in India, during which
farmers in some Indian regions received an opportunity to adopt new technologies. The paper
finds that informational frictions and the lack of knowledge about how to use the new seeds
was a major impediment to technology adoption. It also identifies significant and quantitatively
important learning spillovers, i.e., farmers learn from neighbors who already use the new seeds.

Human Capital, Fertility, and Growth A large literature has studied the link between fertility
and economic growth. The Malthusian model (Malthus, 1798) is a well-known framework ac-
cording to which, population grows faster once per-capita income rises. However, this prediction
is at odds with the empirical evidence that fertility has gone down as income grew around the
world, especially in Western economies. Neoclassical growth models circumvented this contra-
diction by focusing on endogenous capital accumulation rather than on the fertility choice. Nobel
Laureate and Chicago economist Gary Becker formulated in Becker (1960) the quantity-quality
trade-off that parents face when deciding on the number of children and the investment in each
child’s human capital. Subsequently, Becker and Barro (1988) and Barro and Becker (1989) intro-
duced fertility choice into growth models. The seminal J.P.E. paper Becker, Murphy, and Tamura
(1990) is the first paper that introduced fertility choice into an "endogenous growth" framework.
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The model implies that the rate of return on human capital relative to those on children is high
when human capital in the society is abundant. Therefore the model predicts large families and
little investment in each child when the society has a limited human capital.

The Present

The early models of endogenous growth set the stage for a fruitful literature to come and the
J.P.E. was their leading outlet. What was missing in the early literature was firm- or individual-
level heterogeneity that would provide a better connection between growth theory and micro-
level data. Providing solid micro-level foundations would lead to stronger macro-growth models
that generate more accurate positive predictions and relevant normative implications.

A major step in that direction was another important J.P.E. paper by Klette and Kortum (2004),
which built a novel Schumpeterian growth model. The earlier endogenous growth models pre-
dict that innovations come only from new entrants, new entrants and young firms are the largest
firms in the economy, and exit rates would be uncorrelated with firm age or size. While these
predictions are at odds with the firm-level data, the Klette-Kortum model fixed these problems
by defining a firm as a collection of production units. In this framework, firms could grow by
introducing better quality versions of the products of other firms and thus add those products
to their portfolio. Klette and Kortum could thus map the benchmark Schumpeterian models to
a more realistic firm dynamics setting. In a more recent J.P.E. article, Akcigit and Kerr (2017)
extended the Klette-Kortum framework by allowing firms to improve not only other firms’ prod-
ucts through "external innovations", but also their own products through "internal innovations."
Innovation and firm size heterogeneities allow the model to generate a close fit to the firm- and
innovation-level data from the U.S. Census Bureau and the U.S. Patent Office. The estimated
model shows that small firms are spending disproportionately more effort to do external inno-
vations, and the spillovers associated with external innovations are significantly larger. These
findings suggest that R&D policies that aim to correct for underinvestment in R&D should take
into account the differential spillovers generated by different-sized firms in the economy. As it is
exemplified by these papers, a close dialogue between endogenous growth theory with hetero-
geneity and micro data allow researchers to quantify certain mechanisms and study the impact
of counter-factual industrial policies.

Heterogeneity across individuals has also been the key feature of the two recent J.P.E. papers.
Jaimovich and Rebelo (2017) showed that taxation has a non-linear impact on growth once talent
heterogeneity is taken into account. Jones and Kim (2017) showed that focusing on differential
innovation efforts by entrants and incumbents can be important in understanding the rise in top
income inequality.

Heterogeneity in ideas has been the essential component of the surging endogenous growth
models that incorporate the importance of human interactions for human capital accumulation
and growth [e.g., Alvarez, Buera, and Lucas (2008), Lucas (2009)]. The J.P.E. published recently
two papers, Lucas and Moll (2014) and Perla and Tonetti (2014), which show that growth can also
occur when less-knowledgeable agents in an economy interact with more-knowledgeable agents
and imitate them to improve their own productivities.
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The J.P.E. continues to promote frontier research on various additional aspects of economic
growth. Trade and innovation (e.g., Atkeson and Burstein (2010)), growth miracles (e.g., Young
(2012)), value of life (e.g., Jones (2016)), environment (e.g., Acemoglu, Akcigit, Hanley, and Kerr
(2016), Aghion, Dechezleprêtre, Hémous, Martin, and Van Reenen (2016)), and institutions (e.g.,
Acemoglu, Robinson, and Verdier (2017)) are just a few of the exciting facets of economic growth
featured in recent issues of the J.P.E.

The Future

The future of the field of economic growth is more exciting than ever. Computers are becom-
ing more powerful. Many countries are making their firm- and individual-level micro data sets
available to researchers. In addition, thanks to Optical Character Recognition techniques, more
and more large scale historical records are being digitized to be used in economic research.3 My
recommendation to young researchers is to take notice of the rapid change in the field of eco-
nomic growth and invest not only in their theoretical skills, but also in their computational and
empirical knowledge. I also recommend to read the seminal papers – some of which I described
here. They are full of stimulating ideas, many of which could not be investigated empirically due
to a lack of data or developed quantitatively due to a lack of computational power. Now could
be the time to revisit those ideas.

The University of Chicago’s J.P.E. has been the host of many seminal contributions and it will,
without any doubt, continue to promote the frontier research in the field. Have we answered the
questions that Robert Lucas posed in the opening quote? Certainly not entirely. Yet, the field has
made significant progress toward that goal over the years. This is a call for young researchers
to come and think harder about growth-related issues. The field has so many interesting open
questions that they will surely, once they start, have a hard time "thinking about anything else."

3For instance, the digitized historical patent files matched to Census records by Akcigit, Grigsby, and Nicholas
(2017) could provide a unique opportunity for researchers to shed light on Golden Age innovators, inventions, and
economic growth more broadly.
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