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ABSTRACT: Economic growth is one of the most important topics in the economic area, which has been considered by politicians
and experts of countries. Due to its importance, various models have been proposed for its study and analysis. The EG models are
theories that are used for interpretation and explaining the existing realities of economic growth at the global level. This paper aims
to compare these models, including classical, neoclassical, and endogenous, from different aspects. For this purpose, using the
method of systematic study, the models, pioneers, and their characteristics are introduced. Then, their structure and theoretical
foundations are briefly presented. Finally, these models and the components are analyzed and discussed in a comparative way to
provide a strong argument for their use or rejection. The results of this research show that the EG models have characteristics that
cause economists to justify their use or criticize them. the factors like capital accumulation and expansion of the employment force
play special roles in the classical growth model. It postulates that a country’s economic growth decreases with population increase
and resources limitation. This model, despite its emphasis on technology, does not consider its important role in economic growth.
On the other hand, neoclassical growth theory can explain most of the observed differences in income levels among countries by
considering human capital inputs in the model. However, the explanation of income levels, which is emphasized by this model, is
not considered the main function of growth theory. Finally, proponents of the endogenous growth model have tried to explain the
growth of production per capita in a unified state and then express the differences in growth rates among countries. According to
this model, sustainable growth can be realized endogenously, that is, without the intervention of any exogenous technological
progress.

KEYWORDS: Economic growth, classical, neoclassical, and endogenous growth models

1. INTRODUCTION

Economic growth is one of the most important topics in the economic area, which has been considered by politicians and experts of
countries because economic growth increases income, abundance of goods and services, progress and increases prosperity in
countries. On the other hand, low economic growth causes economic problems and challenges such as unemployment, low per
capita income, poverty and livelihood problems, and stagnation in societies (Daud, 2017; Kurniasih, 2017). Economic literature
shows that until two hundred and fifty years ago, the growth gap between countries was not noticeable (Gordon, 2012), but with the
industrial revolution, some countries had faster progress. The rapid growth of some countries raised questions in the minds of
economists to know what factors affected their growth. Thus, it became one of the debated topics among economists and as a result
different growth models were formed.

Economic growth models are theories that have been presented for interpretation and explaining the facts and realities observed in
the growth area at the global level. Some of the facts and realities are the existence of a wide difference in the per capita incomes of
countries (Barro & Lee, 1994), the big difference in growth rates among countries (Fagerberg, 1987), the non-consistency of growth
rates over time, the close relationship between production growth and the growth of world trade volume (Grossman & Helpman,
1989), and the low growth rate of poor countries (Kuznets, 2019; Upreti, 2015). So, growth models and theories have played an
important role in categorizing and formatting these facts and identifying the causes as well as recognizing the factors that have
contributed to the economic growth of countries and accordingly, considering them in the process of policy decisions.

Some early authors and economists such as Adam Smith (1790-1723) and David Ricardo (1823-1772) have expressed ideas about
economic growth, but after 1870, growth emerged as an economic theory. As it is clear from the articles in the economic writings
of the 1930s, for the first time John von Neumann (1903-1957) presented a mathematical model for the theory of growth in a seminar
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in Vienna, which mathematically consisted of a very simple linear equation, but the Roy Harrod’s model (1978-1900) was the first
growth model that examined the behavior of the economy in the long run. After Harrod’s work, Evsey D. Domar (1914-1997) did
a similar work independently and reached similar results. Harrod and Domar tried to adapt Keynesian theory, that had been presented
during the Great Depression of the 1930s, to the conditions of such economies in the post-war years. These studies have continued
in the following decades.

The economic growth models have characteristics, similarities, and differences so that their use is justified or criticized by
economists. John Stuart Mill (1806-1873) the classical economist, for instance, examines his theory of growth based on factors such
as land, labor, capital and their rate of return and factors affecting their ability (A. L. Harris, 1956), while the neoclassical economists
believed that economic growth is created through the accumulation of the physical capital factor, the employment of labor, and
technology which is exogenously entered into the model (Sredojevi¢, Cvetanovi¢, & Boskovi¢, 2016). However, neoclassical
theories have failed to explain the growth rate of some countries. On the other hand, a new model called endogenous has been
proposed, which rejects the assumptions of neoclassical and classics about ideal markets and diminishing returns to factors
(Cvetanovi¢, Mitrovi¢, & Jurakié¢, 2019). This model, which has emerged in a variety of theoretical and experimental works, has
entered the field of economics since the 1980s. Endogenous growth distinguishes itself from neoclassical growth by emphasizing
that economic growth is the result of the economic system, not the result of external forces.

Accordingly, the main purpose of this paper is a comparative study of economic growth models based on the theoretical perspective
and their assumptions, the basic frameworks, the limitations, and finally their differences and similarities. By scientifically
comparing the models, the question of ‘which is the optimal economic growth model’ can be easily answered.

2. THE LITERATURE REVIEW

2.1. Economic growth

Economic growth has a relatively long history and various definitions have been provided. It refers to an increase in the capacity of
a country's economy to produce goods and services during a certain period. According to Michael Todaro, economic growth is a
sustainable process, as a result of which, the capacity of economic production increases over time and causes an increase in the level
of national income (Todaro, 1989) but Simon Kuznets believes that it has a more precise meaning. According to him, economic
growth means the long-term increase of the production capacity of the country to supply more diverse economic goods to the people
(Kuznets, 2013, 2019). A review of the various definitions shows that they all emphasize common concepts: Economic growth is a
progress and raise in production volume in a specified period compared to the same period.

Historians mention mercantilism as the beginning of the new era of European countries' connection with the new world. This
connection caused human knowledge to grow widely. In this period, the main goal of economic studies has been growth, meaning
the increasing production of national wealth. However, no theorizing was done during this period. Adam Smith (1723-1790), who
is sometimes called the father of economics, in his book "The Wealth of Nations" examined the reason for the different rate of
progress in countries (Smith, 2010). Thus, growth issues in macro-economics have been the main concern of classical economists
in the 18th and 19th centuries.

Economic growth can be measured by various indicators, the most common of which is the rate of change in gross domestic product
(GDP) or the rate of change in gross national product (GNP) as well as consumption, government spending, investment, net exports
(Lewis, 2013). Growth indicators can be expressed as nominal and real figures. In real variables, the effect of inflation has been
removed and therefore the figures are comparable with the figures of previous years. It is possible to calculate the growth indicators
per capita, which somehow indicates changes in the welfare of the society.

2.2. Definitions and objectives of the economic growth models

Economic growth is one of the important topics in economics, which has been discussed for a long time among the economic schools
and theorists. The EG is increasing in the market value of goods and services which produce in the economy over time and
conventionally, it is measured as a portion or percentage of the increase in real GDP (Henderson, Storeygard, & Weil, 2011). Also,
the growth of GDP per capita, which is often called per capita income, is related to economic growth (Brasoveanu, Dragota,
Catarama, & Semenescu, 2008). Since there are undeniable facts in the study of the EG that make its analysis and interpretation
difficult, various economic models have been developed. Accordingly, it can be said that the EG models are tools for studying,
analyzing, and interpreting economic growth, which are based on strong theoretical foundations.

Today, economic growth models have become one of the specializations in economic studies so that they follow the following goals:
1. Strengthening the skill of thinking about- They are more a method rather than a doctrine (De Silva, 2012). Therefore, these models
are an apparatus of mind, a technique of thinking which helps its possessor to draw correct conclusions.

2. Policy guide - Some models were designed to particularly address specific economic policy issues. According to experts, despite
pessimism about the usefulness of growth models, it can be claimed that these models have left important effects in the intellectual
discipline used in the process of formulating growth patterns in economic policies, even though the effects are not direct (Jones,
1975).
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3. Separation of unforeseen possibilities - The simplest models of economic growth can reveal possibilities that cannot be achieved
without using a theoretical model. In addition, the models create results that may seem highly contradictory, but documentation of
the models help researchers to discover the roots of contradictions (Jones, 1975).

4. A framework for estimation and forecasting - The models can provide tools and technics to estimate the sources of economic
growth and predict the future growth of countries (Temple, 2003). Thus, the growth models include logic that help researchers in
making predictions about economic growth in the medium and long-term.

3. THE METHODOLOGY

To review the published scientific materials in the field of growth models, the systematic literature review method has been used,
which is suitable for reviewing a large amount of information (Petticrew & Raberts, 2008), carefully collects resources and offers
suggestions for future research plans (Rousseau, Manning, & Denyer, 2008). This method in a transparent and systematic way and
by presenting coherent and comprehensive results, increases the knowledge about a phenomenon in scientific texts and directs the
executive actions in the real world. To create a systematic literature review that attempts to identify all studies, the research subject
was broken down into four keywords including “economic growth models/ theories”, “classical growth model/ theory”,
“neoclassical growth model/ theory”, and “indigence growth model/ theory”. Furthermore, an effort was made to consider the most
reputed keywords in the past. So, to have more valid results, both automated and manual searching options were used for each single
bibliographic database.

After finding research terms, to identify relevant sources, the electronic databases are searched which contains millions of
international sources including articles, books chapters, essays, and other scientific papers from hundreds of different international
publishers: ScienceDirect, Scopus, Sage journals, Cambridge Journals, EBSCOHOST, Emerald, IEEE, JSTOR, SAGE Journals,
Taylor and Francis, Web of Science, Wiley Online, Google Scholar, and others. All databases were selected with attention to
coverage of the scientific literature and level of overlaps. In addition, Endnote (version X9) used for storing and managing different
publications, and VOSviewer (version 1.6.15) was utilised for cataloguing, organising, analysing, and synthesising the set of data.
Figure 1 indicates the output of the software including the main concepts, sub-concepts, and their connections.
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Figure 1. General map of literature keywords relationships

To select relevant sources, the following factors and stages were taken into consideration: 1) The sources should cover the opinions
of economists from the 19th century to the present. 2) The full texts of the sources must be available in English or French languages.
3) The sources must be part of valid databases. 4) the sources must be written by knowledgeable authors and be affiliated with
universities and reputable scientific centers. 5) The abstracts, keywords and citation information of the sources were downloaded,
and then duplicate publications were deleted. 6) At last, the final filter was done and the sources that most matched with the paper’s
title were selected. According to these indicators, initially 554 papers were found related to the main concepts. The papers’ abstracts
were carefully read and at last, 118 papers were selected that addressed the research title.
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4. ANALYZING AND DISCUSSING THE ECONOMIC GROWTH MODELS

4.1. Classical growth model

4.1.1. Theoretical perspective of classical economists

According to the classical economic growth model, a country's economic growth will decrease with an increasing population and
limited resources, this is because the increase in population leads to the limitation of resources and thus the reduction of economic
growth (Gordon, 2022). The assumption of this model is based on perspectives of the classical economists who believe a temporary
augmentation inreal GDP per person inevitably leads to a population explosion, which would limit a nation’s resources,
consequently lowering real GDP. As a result, the country’s economic growth starts to decrease.

Classical growth theories, which generally concentrated on the concept of the EG and population growth, are often developed by
Adam Smith and Thomas Malthus (1766-1834). These theories examined the impacts of population growth on the EG. According
to classical growth theories, initially there is enough land and soil for households, where they work and get their livelihood, but at
some point, all good and productive lands were occupied and when population increased, the available lands required more efforts
and produced little harvests. Land became a limitation for the population, thus the productivity diminished. These situations gave
the belief that when humans continue to reproduce and increase in population, hunger and war is at hand (D. J. Harris, 2007). In
addition to these perspectives, different classical theories emerged in the 18" century when a massive growth occurred. According
to David Ricardo and Karl Marx, a main factor for the EG is capital. An increase in the number of labor force affects capital. On
the other hand, workers also increase when there is an accumulation of capital (Gordon, 2022).

4.1.2. The basic framework of the model

Classical growth theory consists of a modern category of economic theory that was formed by the leading economists of the classical
school such as David Hume (1711-1776), Adam Smith (1723 -1790), and David Ricardo (1772 -1823) in the 18th century and ended
with John Stuart Mill (1806-1873) and Karl Marx (1811-1883) in the middle of the 19th century. This theory explains economic
growth as a result of capital accumulation and the reinvestment of profits derived from specialization, the division of labor, and the
pursuit of comparative advantage (Kenton, 2018). Classical growth model is generally based on three basic assumptions.

1. Labor supply is determined exogenously- According to the first assumption, the labor force has an exogenous growth rate which
it is determined outside the system (Salvadori, 2003). Therefore, with the exogenous growth rate, the amount of available labor can
be determined at any moment. Also, in addition to the growth of the labor force, its productivity is also growing over time.
Accordingly, if it is shown with £, the effective workforce will be A + n at any time.

2. The production function relates labor and capital inputs to the level of production - That is, the production function in the growth
model converts capital and labor into production. Based on model 1, production output is a function of two factors, physical capital,
and labor supply:

Yi=F (Kt, Lt) (1)

where Y, Kt and L; are product output, labor supply, and physical capital, respectively (Feldstein & Horioka, 1992).

3. There is a close relationship between saving and investment - Investment and capital formation are the most important factors in
the growth model structure that indicates the relationship of these two factors (Jangili, 2011). Thus, every economy must allocate a
certain proportion of its income to savings to generate new investment that represents a specific increase in the capital stock.
Accordingly, if we consider model 2, in equilibrium status, investment should be equal to total savings (model 3).

dk
Iy = AK; = at )
That is:

Se =1, = a 3)

The origin of the classical growth model is essentially the static and short-term equilibrium model of Keynes, which was carried out
by Harrod and Domar in 1934-1936 separately with similar results. This model which is considered the first model analyzes
economic behavior in the long run, Harrod and Domar consider the real optimal growth rate (Chetty & Pradhan, 2020). The optimal
growth rate is the growth rate at which all producers are in a situation where they are unwilling to increase production (Chetty &
Pradhan, 2020). According to this model, since in equilibrium conditions capital must be employed at full employment, production
must grow at a guaranteed rate. On the other hand, for full employment of the labor force, while productivity is growing, production
must grow at the natural rate. For labor and capital to be at full employment when the economy is growing, we must have AY/Y =
s/k% (Siddiqui, 2020). Since the labor force and the savings rate are all fixed according to the assumption, therefore, the possibility
of balanced growth with full employment of capital and labor is almost zero; This major weakness goes back to the classic model
of Howard and Domar.

4.1.3. Limitations of the classical growth model
According to economic experts, the classical growth model has obvious limitations as follows:
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1. One of the important limitations of this model is related to the assumptions on which the model is based (M.Asl, 2003). Critics
argue that contrary to the assumptions of this model, there is no substitutability between capital and labor and the savings rate is
constant.

2. The classical growth model is unaware of the role of technology (CFI, 2015). In other words, this model ignores the role that
efficient technical progress can play in the efficient running of the economy while technological progress can minimize diminishing
returns.

3. The classical growth model assumes that the total wage does not exceed or fall below the subsistence level, while this assumption
is not quite true. Changes in industrial structure and significant economic development can lead to an increase or decrease in total
wages from the subsistence level (CFI, 2015). This theory ignores the role of trade unions in the wage setting process, while they
play an important role in this process (Ross, 1956).

4. Based on this model, the growth of GDP per capita causes population growth, while in developed economies such as Japan and
Europe, this is the opposite. In other words, in many examples, despite the growth of GDP per capita, the growth of the population
has even become negative.

4.2. Neo-classical growth model

4.2.1. Theoretical perspective of neoclassical economists

The second model that we study in this paper is the neoclassical model that deals with research on growth with new data that became
available after World War 11. The effective works in this model belong to Robert Solow (1924), Simon Kuznets (1901-1985), Moses
Abramovitz (1912-2000), Hollis B. Chenery (1918-1994), and Edward Fulton Denison (1915-1992). The basis of the thoughts of
the neoclassical theorists is that the growth of per capita income, which has increased significantly since the industrial revolution in
developed countries, is not only the result of an increase in the labor force and capital stock (Solow, 1956). Almost all economists
agree that an important part of growth in industrialized countries is the undeniable result of technical advances and technology.
Thus, in the neoclassical growth model, which was first proposed by Solow (1956), the technology factor is considered exogenous
(Popa, 2014). Hence, neoclassical growth theory states, in addition short-term equilibrium results from varying amounts of labor
and capital in the production function, technological change has a major influence on an economy so that economic growth cannot
continue without technological advances (Prescott, 1988). Accordingly, it outlines the three factors necessary for a growing
economy: labor, capital, and technology. However, neoclassical growth theory clarifies that temporary equilibrium is different from
long-term equilibrium, which does not require any of these three factors (Banton, 2020).

The simplest and most popular version of the Neoclassical Growth Model is the Solow-Swan Growth Model. He assumed that
Harrod-Domar’s model was based on some unrealistic assumptions. The model, which was developed independently by them in
1956, superseded the Keynesian Harrod—Domar model (Acemoglu, 2010). Thus, Solow has dropped these assumptions while
formulating its model of long-run growth. He indicates that by the introduction of the factors influencing economic growth, Harrod-
Domar’s Model can be rationalised, and instability can be reduced to some extent. Solow has shown that if technical coefficients of
production are assumed to be variable, the capital labour ratio may adjust itself to equilibrium ratio in course of time (Dykas,
Tokarski, & Wista, 2022).

The production function used in this model is a homogeneous linear production function with constant returns to scale, which has
the special form of the Cobb-Douglas production function:

Y, = AKELT™ 4)

In addition to linear combination, the model has assumptions that distinguish it from others:

1. Prices and ratios of factors are completely variable and there is full employment of capital and labor. In addition, the remuneration
of production factors is equal to the final product. Therefore, product and factor markets are completely competitive (M.Asl, 2003).
2. People are rational in making choices between identifiable and value-associated outcomes. Furthermore, the main goals of people
are to maximize utility. For this purpose, they act independently on complete information (CFI, 2015).

3. In addition, in the neoclassical model, it is generally assumed that technology grows in an exponential function format with
compound interest rates n and g. That is:

A, =e9L, =L.e™ 5)

4. It is also assumed that, in general, investment is always sufficient to equal savings at full employment, and savings is always a
constant proportion of national production. That is:

I =2t =Y, (6)
Finally, by combining the assumptions and applying mathematical methods, we will have the following equation:
Y, =Y. e["*f%x]t (7)

Accordingly, in the long run, national production grows ultimately assuming that it is only a function of the growth rates of labor
supply and technology. In fact, under neoclassical conditions, equilibrium growth occurs at the natural growth rate (Sato, 1964), but
this long-term growth rate is clearly independent of the national proportion output which devoted to savings and investment (M.Asl,
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2003). The flexibility of this ratio comes from the classical assumption that production takes place in conditions where, in addition
to the factors’ flexible prices, there is a set of different methods of production.

4.2.2. The basic framework of the neoclassical growth model

To explain the basic framework of the neoclassical model, it is assumed that the economy consists of many households, each of
them trying to maximize the current value of their life-cycle utilities at the desired time, t = 1. That is (Drozd & Kowalik, 2022):
u(cy) + Pulcy) + B2ules) + - 8)

where c; is the per capita consumption of an individual from the sample household during the time tand 8 = ﬁ ,and p > 0 isthe

time preference rate. It is also assumed that the utility function of U is well-behaved?, so that #2(c0) = 0, 12(0) > 00,7 < 0,7 > 0.
If leisure is included as another variable along with consumption in the utility function, the results of the neoclassical model will
not change much. For simplicity and convenience in the analysis, we do not consider rest and leisure time. Instead, we assume that
each household member supplies one unit of labor in each period in an inelastic and constant manner. It is assumed that the number
of people in each household grows at the rate V in each period so that at any time the number of members becomes 1 + V times
their number in the previous time. With such population growth, some analysts consider the utility function of the household in such
a way that for u(t) in each period, a weight based on the number of household members is considered. If in the following equation
Y = 1, then the utility function will be as follows (Philippon, 2011):
u(ey) + (1 +v)¥Buley) + (1 +v)*¥p%ules) + - ©
Assuming ¥ = 0, function 8 becomes the same as function 9, while the exponent between 0 and 1 for i reflects intermediate states.
Every household is engaged in production and its input-output facilities are represented by a production function in the form of ¥, =
F (K, N;) where K, and N, are the amount of labor and capital inputs, and Y; is the level of production in period t. It is assumed that
the function F is homogeneous first-degree, so that if we denote the per capita value of Y; and K, by y, and k, respectively, we
will have:

ye = f(ke) (10)
where F(K;) = F(K;, 1) and it is assumed that the function f is well-behaved. If we denote government transfer payments by v, so
that v, is net of taxes, the household budget limit in period t in terms of per capita amounts will be as follows:
f(K) +Vi=ci+ (1 +v)Ky — (1 - 0K, (11)
where § is the capital depreciation rate. In t = 1, the household chooses the values of c¢;,c, ... k;, ks... so that function 8 is
maximized according to limitation of function 11 and the certain value of k. It can be easily shown that the first order condition,
i.e., the necessary condition for optimality, will be as follows:

1+ v)i(cy) = pie; + 1)[f(kt+1) + 1-5] (12)
In this case, condition the final limit will be as follows (Rios-Rull, 2020):
gim KepoB ™ ut(c) = 0 (13)

The latter condition, as a new limit condition along with the initial values condition, makes it possible to obtain a single time path
for ¢, and K, using equations 11 and 12. Conditions 11, 12 and 13 are the necessary and sufficient conditions for optimal
household selection.

To describe the competitive equilibrium in the economy, we assume that all households are identical and similar to each other, so
that the individual behavior can be described using equations 11, 12 and 13. The government expenditure in t is based on the per
capita values of g, whose value is determined exogenously. To develop the analysis, the possibility of borrowing for the government
can also be considered, but for simplicity, the budget of government is assumed to be balanced. Thus, the government budget
limitation based on per capita amounts will be as follows:

get+vi =0 (14)

So, the values of ¢; and v, in the equilibrium of general competition are determined based on equations 11, 12, 14 and the final
limit condition (13). In the following, we assume g, + v; = 0. In this case, the values of ¢, and k, are determined in competitive
equilibrium according to equation 12 and the following condition provided that the answers work also in equation 13:

f(K) =C+ (A +v)Keyy — (11— K, (15)

What is more important is the paths of competitive equilibrium, which must also have the characteristics of the unified. That is, the
paths along which all variables grow at a constant rate. It can be shown that in the current framework, which lacks any technical
progress, the unified characteristic is that the values of ¢, and k, are static. Hence, according to equation 4, in the unified state of
competitive equilibrium, we will have:

fK)+1-6=0A-v)A-p) or f(K—6=v+p+vp (16)

This equation states that the net marginal return on capital (regardless of the mutual effects of vp) is approximately equal to v + p.
If we consider the utility function more generally as equation 9, this condition becomes as follows:

1. Most utility functions used in modeling or theory are well-behaved (Bergstrom, 1999).
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fE)+1-6=(1-p) A —-v)'¥ 17
So, iny + 1, i.e., in the situation where household size is effective in its utility, we will have:
fE)-6=p (18)

It can be shown that in this model, the path of competitive equilibrium tends towards the equilibrium path of unified state in over
time. In other words, starting from an arbitrary K;, K, tends towards the value of K* over time (t — o), which also applies to
equation 16. This claim can be examined in the special case of u(C;) = logc; , f (K;) = AK and § = 1 which was not mentioned
to avoid prolonging the discussion.
Because the neoclassical growth model tends toward a uniform position along which per capita values remain constant over time,
this model does not have the proper structure for uniform growth analysis. In neoclassical foundations, per capita growth is possible
assuming the occurrence of uniform technical progress that continuously shifts the production frontier over time. If technical
progress takes place at the rate y, the production function in its general state can be shown as follows (Sims, 2011; Solow, 1999):
Y = F(K¢, Ne, (1 +7)° (19)

However, uniform growth is only possible if technical progress is labor augmenting such that:

Y, = F(K(1 +v)'Np) (20)
In this case, if the function F is homogeneous of the first degree, we will have:

Je = f(Rt) (21)

where §, = Y,/(1 + y)'N, and k, = K./(1 + )N, represents the amount of production and capital per unit of labor (per unit of
efficiency).

4.2.3. Limitations of the neoclassical growth model

Economists have criticized the neoclassical growth model, the most important of which are as follows:

1. Inability to explain the most basic facts of the growth behavior- The inability of this model in this field comes from the prediction
of the model, whereby the production per capita tends towards a uniform path along which it will grow with the exogenous rate of
y. That is, the growth rate is determined outside the model and is independent of preferences, characteristics of the production
function, and the behavior of political variables (Conlisk, 1967; Solow, 1956). According to this model, the same growth rate is
provided for all economies. Therefore, this model cannot explain the differences in long-term growth rates between countries.

2. Inability to explain continuous growth - Critics of the neoclassical growth model believe that this model is unable to explain
continuous growth (Solow, 1999) because according to this model, per capita production rates tend to constant values in the absence
of exogenous technical progress.

3. Inability to demonstrate income levels- Critics believe although this model can explain a major part of the differences in income
levels among countries (Pack, 1994) by considering the input of human capital but explaining the income levels is not considered
the main task of this model. So, to cover its weaknesses, economists have introduced another model called the endogenous growth
model.

4. Ignoring technological factors- This model does not explicitly state the main factors of technological growth and does not consider
how the technological factor changes over time. In other words, it puts technological factors outside the model and exogenously and
ignores it as a driver of economic growth.

4.3. The endogenous growth model

4.3.1. Theoretical perspective of economists of the endogenous growth model

In response to the shortcomings of the neoclassical model, a group of economic growth theorists developed a model that replaced
the exogenous growth variable (unexplained technical progress) with a model in which the key determinants of growth were
specified in the model. The basis of this model was formed and developed by the work of economists such as Kenneth Arrow (1962),
Hirofumi Ozawa (1965), and Miguel Sidrauski (1967), Paul Romer (1986), Robert Lucas (1988), Sergio Rebello (1991) and
Ortigueira and Santos (1997). They removed technological change from the model (Romer, 1990; Sredojevi¢, Cvetanovi¢, &
Boskovi¢, 2016). According to this group of economists, growth in the endogenous model is due to unlimited investment in human
capital, which has a spillover effect on the economy and reduces the diminishing return of capital accumulation (Barro, 1995). That
is, economic growth should be realized without the intervention of any exogenous technological progress.

The basis of the word "endogenous" is a botanical term, and in fact, endogenous is a plant that develops within existing tissues
through the irregular growth of normal tissues and new endogen. Based on the endogenous growth model, since growth or production
is from within, this is a suitable metaphor for economic and technological growth. Accordingly, endogenous growth theory is a
simple concept for economic growth which is realized from within the system or in better words from within a country (Aghion,
Howitt, Howitt, Brant-Collett, & Garcia-Pefialosa, 1998). In this model, the uniform growth rate depends on the parameters of the
utility functions, the production, and the fiscal policy (Ortigueira, 1998; Turnovsky, 2000). There are three different approaches in
developing endogenous growth models, each of which focuses on one of the following factors: 1) external effects caused by the
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accumulation of physical capital, 2) accumulation of human capital (skilled labor), and 3) continuous growth in new product designs
which in turn facilitates the creation of new product designs (Abrishami et al., 1999).

In general, there are two main reasons for developing endogenous growth models: first, economic growth and increase in production
in developed countries is much higher than in the last century (Ickes, 1996). According to economists, high economic growth needs
theories that can explain technological and economic growth in the best way. Romer notes in his 1990 study that the value of output
per capita of workers in the United States at that time was ten times its value in the previous 100 years (Romer, 1990). He attributes
this growth to technological changes and the development of human capital. The second reason is that the theory of endogenous
growth offers another aspect of development, which is independent of trade (Aghion et al., 1998). Traditional growth theories
emphasized trade and considered it the engine of growth, while endogenous growth theory emphasized education, labor skills, and
the development of new technologies. In fact, endogenous growth theory criticizes the theory of globalization, and it sees
globalization in the education and training of human resources.

4.3.2. The basic framework of the endogenous growth model
We begin the discussion about the endogenous growth model by re-introducing the model that includes the external effects of
physical capital and was discussed in the previous sections. This model, which lacks exogenous technical progress, is modified here.
Despite the existence of technical progress, there are some external effects in production, so that the per capita production function
of the sample can be written as follows:

ve = f(ke ki) £, >0, f,<0 (22)
where k, is average of the individuals’ capital stock at the level of the macroeconomy. According to Romer, this type of production
function can be considered as one of the characteristics of public goods due to having knowledge and innovation (Romer, 1996). If
there is a constant ratio between new physical capital, knowledge, and innovation, then k. is not only an indicator of the total
physical capital stock, but also measures the total general knowledge stock that each firm can benefit from. However, each firm or
household is a small unit that assumes k, is constant in its decision regarding k., and other decisions.
The second essential component of the endogenous growth model is human capital in the sense of skilled labor (Winter-Ebmer,
1994). By using the necessary resources, the skills of the workforce can be strengthened and improved. A simple way to show the
effects of human capital is to describe the accumulation of physical output as follows:
AKE(hn)' ™ = Ce + (1 + V)keyy — (14 V)keyy (23)
Where n, is a share of the working hours of the sample household allocated to the production of goods, and h, represents the human
capital, i.e., the work skills of a member of the sample household at time t. These skills are produced by allocating part of working
hours (1 — n,) to the formation of human capital. In general, physical capital is also an important input in the process of forming
human capital, but to simplify the discussion, we first assume that the accumulation of labor skills follows the following law:
hey1 —he = B(1 — nyh, — Sphy (24)
Where in which the depreciation of skills is reflected due to the passage of time and is assumed v = 0 (Abrishami et al., 1999).
In the following, based on the theoretical framework of the endogenous growth model, it is necessary to know whether this model
has more validity and popularity than the neoclassical model or not. In other words, although the advantage of this model is that it
at least tries to explain the growth process endogenously, are these efforts logically and empirically acceptable?

4.3.3. Limitations of the endogenous growth model

Although endogenous growth models have attractive features, such that they consider the external effects of knowledge (Bharadwaj,
Clark, & Kulviwat, 2005; Rivera-Batiz & Romer, 1991) and the fact that the development of workforce skills depends to a large
extent on the allocation of resources to produce skills (Acs, Audretsch, Braunerhjelm, & Carlsson, 2004; Mishra, 2016), it seems
the limitations in this model should be investigated before any conclusions and comments.

The first problem is that in the Lucas’ model or in the model of Lucas and Rebello (Aghion et al., 1998), continuous growth requires
an endless increase in human capital h;, which is defined as an index of the production skills of a sample worker, but for such a
variable, endless growth is not a reasonable assumption because the production skills of workers are skills that are owned by them.
That is, these skills are not automatically transferred to the next generation, but they must take action to acquire the skills, and for
this purpose, it is necessary to spend resources. Therefore, human capital is different from knowledge that is owned by the public
(society) and is easily available to all those who wish to use it. Thus, only some types of knowledge that do not include human
capital can be the basis of continuous growth (Romer, 1989).

The second limitation of the endogenous growth model refers to the assumption of returns to scale in the production process. For
example, in the Lucas- Rebello model (Rebelo, 1991), the sum of the powers of physical and human capital in equation 23 must be
exactly one to achieve uniform growth. If the sum of the exponents is even 0.01 less than 1, the economy tends towards the uniform
path, where there will be no growth in per capita values. There are similar problems in other models. Hence, this means that the
endogenous growth model does not actually produce continuous uniform growth in the absence of exogenous technical progress.
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Despite these limitations, the endogenous growth model is a very useful model, and it has been the source of valuable results because
assuming returns to scale of 1 in equations 23 and 24, the transition process in the model will be very slow. The speed of adjustment
of k, towards —k,, which was calculated (1 — a) in the neoclassical model under the assumption of LDC based on equation 291, is
close to 1 — (a; + a,) in this model, where (a; + a;) is the sum of the coefficients of physical and human capital. Therefore, if we
enter the effect of human capital into the model in the form of skilled labor as in equation 24, it is expected that the adjustment
coefficient of 1 — (a; + a,) will be close to zero and convergence will occur slowly. However, if the transition process is too slow,
the difference in growth rates due to transitions towards the unform state of competitive equilibrium will persist, and the differences
in growth rates can continue for a long time. Thus, even if the endogenous growth approach cannot explain continuous uniform
growth, it can justify many features observed in empirical data and potentially be the basis of useful policy analyses.

5. COMPARATIVE REVIEW OF ECONOMIC GROWTH MODELS

Literature review shows that economic growth models have been developed over time. In other words, the challenges in measuring
economic growth and the weaknesses of existing models have led economists to develop more effective ones. Thus, the new models,
while covering the weaknesses of the old ones, have had a better match in measuring economic growth. Accordingly, among the
three models studied in this article, the classical growth model has a longer history, while the endogenous growth model has been
proposed since the 1980s. These models are a collection of theories that have been presented over time to interpret and explain the
observed facts in the field of global growth and according to the prevailing conditions in each period, they have focused on specific
issues.

Classical growth theory is formed based on the opinions of economists such as Adam Smith and Thomas Malthus, with a focus on
population. They have a negative view of the population and believe that the increase in population growth leads to a decrease in
economic growth. They believe that with the increase in population, resources will be limited, and this limitation will reduce
economic growth. Therefore, according to them, the population explosion or increase is caused by a temporary increase in the real
GDP of a country.

As can be seen, the proponents of classical growth theory not only do not consider the population and the human factor to be
effective, but also consider it an obstacle to economic growth, so that Malthus proposes to limit the population through abstinence
from sex, hunger, disease, and war (Farley, 1766). However, there are many ideas in classical theory that do not match Thomas
Malthus's belief. For example, according to David Ricardo and Karl Marx, the main factor of economic growth is capital. Therefore,
the increase in the number of workers affects the capital, workers also increase in case of accumulation of capital (Salvadori, 2003).
It can be said that this is the starting point of thinking about the population and the human factor as capital. Accordingly, in the
classical growth model, the production function relates the inputs of labor and capital to the level of production, the supply of labor
is determined exogenously, and with the formation of capital, a relationship is established between savings and investment.
Neoclassical growth theory, as one of the oldest mathematical equations that tried to explain growth, is the developed and improved
form of the classical growth model. This model has developed by using the results of economists’ studies such as Solow, Swan,
Mankiw, Romer and Weil, and it has been able to some extent to respond to the growth process of countries and explain how growth
is formed. In this model, labor force, capital, and technology are considered as three economic forces that create constant economic
growth (Conlisk, 1967). This theory assumes that the short-run economic equilibrium is the result of different amounts of labor and
capital that play a vital role in the production process. This theory argues that technological change significantly affects the overall
performance of an economy (Gomulka, 2006; Verspagen, 2001). It can be said that the neoclassical growth model has a production
function characterized by a set of labor-capital and capital-output ratios. As a result, its equilibrium growth rate, such as the capital-
output ratio, is variable. Therefore, this growth rate can be equal to the growth rate of full employment. This growth model allowed
for substitution between labor and capital. Also, based on the neoclassical growth model, diminishing returns on capital, and
flexibility in prices and wages were established. This development will continue until the guaranteed growth rate of capital is

1. If we consider the following equations:
1+v _ paAK{

=fadken  (25), AKS =C,+ (1+ v)kpy (26)

Ct Ct+1
Since the economic situation at the time of t is summed up in the value of k7, it is reasonable to imagine that each of the values of
k._, and C, are proportional to k{. By considering these equations, the correctness of this idea will be confirmed:
C. = (1+ap)Ak? and K, = af(1 +v) TAKE 27
These answers also apply to condition TC, equation 13, so that it shows the path of competitive equilibrium. Thus, answer of k, can
be expressed as a first-order linear equation as follows:

logK;., = log [T% + alogkt] (28)
Considering that |a| < 1 has dynamic stability in the above equation, log k, tends towards (1 — a)~*log[aBA/(1 — v)]. If we
subtract logk, from both sides of the equation, we will have:
logk,_, —log; = (1 — a)[logK* — logK,] (29)
Where K* = [afA/(1 + v)]¥A=9_ In this special case, 1 — a shows the speed of convergence of k, towards k*.
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coordinated with the natural growth rate of the labor force and it provides full employment conditions. Thus, we are in uniform
stable equilibrium when the level of per capita income, savings, population growth rate, and technology are all exogenously entered
into the growth model.

In a general conclusion, it can be said that the neoclassic growth model is a model with the characteristics of being exogenous, long-
term, and within the framework of classical school theories. The model attempts to explain long-term economic growth by
examining capital accumulation, population or labor force growth, and productivity increasing which commonly known as technical
progress. it is also clear that the neoclassical growth model, despite its shortcomings, by moving from exogenous to endogenous
growth models, can be the answer to the economic growth of countries to some extent. Also, the use of this model in developed
countries is more reliable and decisive. In other words, from the results of the studies, it can be concluded that to explain the
economic growth of countries, in addition to the classical variables emphasized by the past theories, there are many foundations and
economic-social structures, and other factors that influence the growth process in countries which the neoclassical model is partially
responsive to them.

The endogenous growth model was developed to cover the weaknesses of the neoclassical models, as it made predictions about
economic growth without factoring in technological change. The endogenous growth theory challenges such an idea by placing
importance on the role of technological advancements. Since long-term economic growth is derived from the growth rate of
economic output per person, it would depend on productivity levels. In turn, productivity would depend on the progress of
technological change, which relies on innovation and human capital; these factors are considered internal to an economy. As a result,
according to the proponents of this model, investment in human capital, innovation, and knowledge have a significant effect on
economic growth. Because in the neoclassical growth model, the long-term growth rate of the economy is determined exogenously
based on the savings rate (in the Harrod-Domar model) or the technology growth rate (in the Solow model), and since there is no
detailed explanation about the rate of savings or the speed of technological progress, the endogenous growth model tries to overcome
these deficiencies by providing macroeconomic models based on the principles of microeconomics. Accordingly, households
maximize utility (according to budget constraints) and firms maximize profit. In these models, great importance is given to new
technologies and human capital. Also, the driver of growth in simple models is the return to scale of production, and in more complex
models, the spillover effects from a knowledge-based economy.

According to endogenous growth theories, policies that support an open economy, competitive markets, and innovation lead to
growth. On the other hand, policies that limit or reduce innovation and support industries that are not very creative slow down
economic growth in the long run. Therefore, it can be said that since economic growth is a process of permanent transformation, it
cannot occur without accepting extensive social and internal changes in countries. That is, according to the endogenous growth
model, an economy that avoids internal transformation has actually left the growth path. Based on what was said, Table 1 briefly
compares economic growth models.

Table 1. The similarities and differences of economic growth models

Classic Neoclassic Endogenous
Adam Smith, David Hume, | Robert Solow, Trevor Swan, | Paul Romer, Robert Lucas,
Economists Davis  Ricardo, Thomas | George Mankiw, David | Robert G. King Sérgio Rebelo,
Malthus, Romer, and David Weil
The time of | 18" and 19" centuries 19th end of 20" centuries From the 1980s until now
period
. Capital accumulation Labor force Human capital
economic . : .
forces Expansion of employment Capital Innovation
Advancement of technology Technology Knowledge
Approaches | Exogenous Exogenous Endogenous
to per capita
income,
population,
and
technology
Focuses Technology-Physical Capital | Technology-Labor Technology-Human Capital
The time of Long term Long term
period
Explores Savings as asource of Capital Education as a source of
Accumulation Human Capital Development
Population Labor Human capital
Negative effect Quantity Quality
Taskforce Resources limiter Physical Intellectual
Growth barrier Isolated Among humans
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Classic Neoclassic Endogenous
Individual Institutional

6. CONCLUSION

Economic growth is one of the most important topics in economics, which has been challenging to measure. Realizing the
importance of measuring economic growth, economists have developed various models over the past few hundred years. Classical,
neoclassical, and endogenous growth models are among them, each of which has strengths and weaknesses that were mentioned
earlier.

As a conclusion, it can be said that the focus of classical growth theory is on population instead of capital and technology. Thus, the
hypotheses of classical growth models have two wrong assumptions. First, according to classical models, the growth of GDP per
capita causes population growth, while in developed economies such as Japan and Europe, this is the opposite. In addition, it does
not consider that technology development can neutralize the effect of diminishing returns and cause an increase in per capita income
which is seen in most developed countries. Therefore, economists developed the neoclassical growth models.

In neoclassical growth models, regardless of the ratio of capital to primary labor or the level of technology, the EG rate reaches its
stability state. Based on this model, capital deepening in which the capital per worker is increasing in the economy, can only affect
the level of production and cannot affect the long-term growth rate. Hence, it can be said that this model does not explicitly state
the factors of technological growth and, also, does not consider how the technological factor changes over time. In other words,
neoclassical growth addresses it exogenously, and outside the model. So, it ignores the factors of technological growth as drivers of
economic growth.

The endogenous growth model was developed to overcome these deficiencies. This model is based on the idea that there is no
diminishing returns effect despite the technological factor. Thus, it is possible to achieve continuous and long-term growth by
investing in human resources, and R&D. In this model, population growth does not have much effect on the growth of GNP.
Furthermore, contrary to the neoclassical theory, which sees temporary economic growth as a result of saving and investment,
endogenous theory considers economic growth to be permanent with savings and investment, especially in human capital and R&D.
Accordingly, it can be concluded that economic growth is a function of technical accumulation, and technical knowledge is the basis
of capital, which is emphasized by the endogenous growth model. To be effective, this model should be based on some basic pillars
which a healthy, trained, expert and skilled workforce is one of the most important. So, the position of human capital in growth
models has exceeded the physical accumulation of capital. That is, wherever human power is focused, whether directly or indirectly,
its positive effects can be seen in real economic growth. It is a factor that is determined endogenously. Therefore, it can be said that
the endogenous growth model is the most justified model that can cause long-term growth.
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