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Abstract
One of the most fundamental issues worldwide is the economic interdependence of countries which affects their
economic growth. Some new growth theorists such as Mankiw et al., Islam, Ertur and Koch, Lee, Yu and Yu Ho et al.
consider geographical proximity and trade as spatial variables. This study aims to investigate the spatial effects of
geographical distance on economic growth using the spatial dynamic panel data model and the spatial cross section
data model for the period 1992–2016 in selected Asian countries. The findings demonstrate that the effect of spatial
spillover or spatial dependency is one of the main causes of economic growth spillovers. In the spatial dynamic panel
data model, log of gross domestic product (GDP), gross fixed capital formation and growth rate of labor force had
negative, positive and negative impacts on economic growth, respectively. In the spatial cross-sectional data models
including human capital, log of GDP, gross fixed capital formation and growth rate of labor force had negative impacts
on economic growth, while in a model without human capital log of GDP, gross fixed capital formation and growth
rate of labor force, respectively, had positive and negative effects on economic growth.
Keywords: Economic growth, Spatial econometrics, Spillover effects, Human capital, Asia
JEL Classification: C21, O47, O53, R11
Introduction
Economic growth and its determinants are fundamental
for every country. Therefore, it is essential to study the
influences of economic growth from different angles.
Branches of economics dealing with the analysis of economic growth category, its causes and developments in
geographical space have been essential topics of economics. Hence, it is necessary to unify geography and
new growth theory, or at least to develop some junction
models. The standard neoclassical economic growth
model was developed by [30, 31] in the 1950s. In that
model, the saving rate and the Malthusian labor growth
are exogenously given. Solow proposed a new analysis of
growth model that is in many ways consistent with the
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neoclassical growth model. The Solow–Swan model is
believed to show how the growth of capital stock, growth
in the labor force and progress in technological interactions affect a nation’s total output. The model illustrates
supply of goods based on a production function of constant returns to scale, the diminishing returns of the scale
of each factor of production and substitution between the
factors. These functions are combined with the constant
rate of payback and create a general equilibrium model
[1]. Labor grows at a constant rate, the level of technology and savings rate are constant over time, and capital
depreciates at a positive constant rate (that is, at each
point in time, a constant fraction of the capital stocks
wear out and therefore can no longer be used for production). In each second, the capital stock is a key determinant of the economy’s output, but the capital stock
can alter and this can lead to economic growth. Since
Solow and Swan’s theory was developed, a vast body of
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literature has been written on growth theory and different generations of models have been considered (see, for
example, [6]). This paper firstly examines the neoclassical
Solow–Swan hypothesis (does not include human capital) that considers geographical proximity and secondly
investigates the spatial Solow model that includes human
capital.
The main conclusion of the Solow model is that the
accumulation of physical capital cannot explain the
extraordinary growth in per capita production or the geographical differences of per capita production. Suppose
that the accumulation of productive capital is affected by
the conventional channel, that is, capital has a direct contribution to production, which is equal to its final return
value. In this case, according to the Solow model, the differences in per capita production are much greater than
those that can be explained by the capital input. Different regions of the world are influenced by knowledge and
technology spillover, communication, production and
trade mobility factors which are not taken into consideration by the neoclassical growth model of Solow and
Swan. Furthermore, empirical research on the regional
development process does not take into consideration an
area independent of adjacent regions because according
to the first geographical law of Tobler [32] any location
depends on a location and the places that are closer have
the greatest impact on each other than places farther
away; indeed, countries are complex in nature involving
economic, social and spatial characteristics. Hence, it is
necessary to incorporate the spatial dependence into any
of our econometric models; therefore, the relationship
between countries in the context of spatial dependence
should be considered. In the Solow spatial model, knowledge of capital is included and capital comprises of a
broad concept of both the physical and human. The finding of the current study is particularly important for governments to better understand the role of determinants
on economic growth.
This paper is organized as follows: the introduction
is outlined in the “Introduction” section, and “Review
of literature and empirical studies” section presents the
spatial growth model, the spatial weight matrix and the
proposed hypotheses tests. “Methods” section includes
the methodology and data. “Analysis” section discusses
the estimation results, and “Results and discussion”
and “Conclusions” sections conclude with some policy
implications.

Review of literature and empirical studies
Nowadays, rapid economic growth heavily promotes
the development of a country or region. Society puts
great focus on development of economic growth. Therefore, many researchers study economic growth through
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different econometrics models and approaches. In studies by Mankiew et al. [26], the spatial effects of economic
growth were estimated with cross-sectional data for 121
countries classified into three groups of non-oil, middleincome and OECD countries for the period 1960–1985.
They added human capital to their model to examine
its effect on the model of Solow growth. Islam [21] used
panel data approach in his study and advocated studying
growth convergence. He added the Mankiew, Romer and
Weil model convergence into a panel data model with
individual (country) effects but did not estimate the effect
of human capital on economic growth. Scarpello and
Ritelli [29] improved the neoclassical economic Solow–
Swan model [31] replacing its Malthusian manpower law
with the Verhulst (logistic) law. Camacho and Zou [10]
solved a Solow model on continuous time and space.
They proved the existence of a solution to the problem
and its convergence of a stationary solution. Brito [9]
addressed unbounded growth in a spatially heterogeneous world. They presented a continuous time-continuous space case extension of the Solow [30] model where
capital and labor mobility generate two spatial interacting forces. First, endogeneity generates a distributed balanced growth path which they assumed to be exogenous.
Their approach, formalized by a nonlinear parabolic partial differential equation allowed for an integrated treatment β of and σ-convergence studied in growth theory,
and dispersion and agglomeration studied in the new
geographical economics. Guerrini [19] analyzed the
dynamics of the Solow–Swan growth models when the
labor growth rate is inconstant but variable and bounded
over time. Ertur and Koch [16] studied the theoretical growth model by considering technological interdependence and spillover effects using cross-sectional data
approach. In Lee and Yu’s study [23], the effect of physical
capital, the growth rate of a labor force and human capital were not evaluated in determining economic growth.
In the study of Yu Ho et al. [33], the spatial effects of geographical distance and trade were measured only through
the convergence of dynamic panel data onto economic
growth and the cross-sectional effects of the data were
not evaluated. Neto and Claeyssen [28] considered labor
mobility in the spatial Solow model of economic growth.
Their finding illustrated that labor spreads from regions
of higher density of labor to regions of lower density of
labor. In addition, they found that workers move from
regions with a lower density of capital to regions with a
higher density of capital and the labor force grows following a logistic law. Benos et al. [8] obtained and analyzed
data regarding seven European regions for the period
1990 and 2005. Spillovers, according to their results,
are critical for European regional growth irrespective of
the measure of proximity; thus, regions surrounded by
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dynamic entities are likely to grow faster than otherwise.
Moreover, their results underline the need for coordinated EU policies aimed at higher physical and human
capital accumulation taking into account regional synergies. Erdem et al. [15] developed an augmented version
of the Solow growth model which included gender shares
by using panel autoregressive distributed lag approach
for 122 countries during 1990–2014. They found that
income per capita increases with the share of women in
employment. Ciftci et al. [11] studied the role of taxation
on long-run income performance using the common correlated effects (CCE) for 30 OECD countries during the
period 1995–2016. They discovered that only consumption tax has a statistically significant negative effect on
long-run income. Moreover, their results indicated that
taxation has heterogeneous effects on income as a result
of the type and sign of the tax coefficients b heterogeneous for the country-specific results. Amidi and Fagheh
Majidi [1] investigated the geographical proximity,
trade and economic growth with a spatial econometrics
approach for EU countries over the period 1992–2016.
They recognized that spatial relationships across countries and the spatial effects of trade are quite relevant.
Furthermore, a country’s economic growth is actually
affected by the performance of its neighbors and trade
partners. In comparison with existing studies, the innovatory aspects of this research are as outlined below:
1. The analyses of previous studies are extended to
include the timeframe 1992–2016 in order to analyze the contribution of effective factors in economic
growth.
2. Previous studies did not employ a combination of
spatial dynamic panel data and spatial cross section
data and solely investigated spatial cross section data
for spatial spillover of economic growth.
3. In previous studies of growth models, human capital
and gross fixed capital formation were not separated.
4. Previous studies did not use XSMLE models for estimating panel models (in the present research, five
types of spatial models are included in the package
making it more complex than other packages. In
other research, only four kinds of spatial models are
used.

Methods
To investigate the impact on growth spillover in 19 countries in Asia, the factors affecting growth were first determined. Using aggregate data of different geographical
regions (countries) in the regression analysis, the existence of spatial autocorrelation in the error terms seems
to be inevitable. In other words, the spatial heterogeneity
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between the studied countries is of great importance as
well. The term spatial heterogeneity refers to deviation
from the existing relationships between observations at
the geographical level. For this reason, due to the existence of spatial heterogeneity and spatial autocorrelation
in spatial studies, spatial econometrics should be used.
To describe the spatial heterogeneity, a linear relationship for the spatial cross section data model was considered as follows:

yi = Wi βi + εi

(1)

To describe the spatial heterogeneity, a linear relationship for the spatial dynamic panel data model was considered as follows:

yit = Wi βit + εit

(2)

where i refers to the countries collected at i = 1,… ,n
points in space, t is the period at t = 1,… ,m, Wi represents a matrix of explanatory variables (distance) with a
related set of βi and βit parameters, yi and yit (economic
growth) are the dependent variables at countries (or location) i and time t, and εi and εit indicate a stochastic disturbance (random error). Equations (1) and (2) represent
the simple spatial cross section data model and the simple spatial dynamic panel data model, respectively [24].
Actually, causal relationships compared to single equation cross-sectional setting core on spatial econometrics
in the long term. Panel data typically contain more variation and often less collinearity among the variables. Using
the panel data results in greater availability of degrees of
freedom and hence increases efficiency in the estimation.
Also, panel data allow the specification of more complicated behavioral hypotheses including effects that cannot
be addressed using pure cross-sectional data [14].
For distance matrix, the following four methods are
used to represent spatial location: (1) determining location on screen coordinates, (2) vector of distances, (3)
geographically weighted regression (GWR) method and
(4) GeoDist. This study used GeoDist. GeoDist provides
several geographical variables, bilateral distances measured using city-level data to account for the geographical
distribution of the population of each nation. As spatial
matrix has been used to demonstrate the spatial contiguity in this study, spatial contiguity needs to be reflected
as a matrix in the model. Thus, geographically weighted
regression method was used to weigh each variable. In
this method, in Eq. (3), economic growth is represented
by y where N × 1 vector of dependent variable observations are collected at n points in space, X is N × K matrix
of explanatory variables and εi N × 1 is vector of normal
errors which has constant variance. Given Wij represents
N × N diagonal matrix containing distance-based weights
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reflecting the distance between countries I and other
countries, GWR model can be as follows:

(3)

Wij y = Wij Xβi + εi

where i in βi is the indicator of i × 1 vector of i observation related parameter. The GWR model estimates
n cases of such vectors of different countries each representing an observation for spatial cross section data
model [27].
This technique describes the relative position in the
space of a single regional observation unit compared to
other units. The criteria of contiguity were determined
using the information obtained from a distance between
capitals of the countries. In most spatial economics studies, zero and one matrix is used for studying spatial effect.
In this matrix, N × N (N number of the country), if countries are in proximity to each other number one was used
and for other cases zero was used. Then, a standard
matrix was created where sum of each horizontal row
should equal one. However, this matrix has flaws because
of giving similar weight to all countries. Spatial weight
matrix was used to solve this problem. In this matrix,
each diagonal element equal d1 . dij is the distance
ij

between the capital of two countries. With this matrix,
the proximity variable was used for studying spatial effect
on growth.
Three different types of interaction effects on a spatial econometric model particularly in a standard linear
regression model could be demonstrated: endogenous
interaction effects among the dependent variables (Y),
exogenous interaction effects among the independent
variables (X) and interaction effects among the error
terms (e) [14]. In the present research, five models were
used for the spatial panel data model (SAR, SEM, SAC,
SDM and GSPRE) and four models were used for the spatial cross section data model (SAR, SEM, SAC and SDM).
SAR is the spatial lag model, also known as the spatial
autoregressive model, and SEM is the spatial error model.
Both of these models have one type of interaction effects.
However, SAR contains endogenous interaction effects
and SEM contains interaction effects among the error
terms. In the study by Anselin and Bera [2], the testing
procedure for a spatial lag or a spatial error model was
based on robust Lagrange multiplier tests. SAC is the
spatial autoregressive model with autoregressive disturbances models that include both endogenous interaction
effects and interaction effects among the error terms [22,
25]. When the spatial weights matrix is used to specify
the spatial lag and the spatial error structure it is the
same as the spatial Durbin model (SDM). GSPRE is the
generalized spatial panel random effect model which
includes the spatial models referred to as the SDM model

in panel mode. In fact, this model has no limitations and
all variables are independent except for weight disturbance [14, 24].
The general form of the spatial panel model is as follows [7]

yit = α + τ yit−1 + ρ

n

j=1

+

n
K 


n


K


xitk βk

k=1

wij xjtk θk + µi + γt + vit

k=1 j=1

vit = 

wij yit +

(4)

mij vit + εit

j=1

i = 1, . . . , n
t = 1, . . . , T

(5)

where θ represents a K × 1 vector of fixed but unknown
parameters to be estimated, λ is the spatial autocorrelation coefficient, ρ is the spatial autoregressive coefficient, Wij is a nonnegative N × N matrix describing the
non-stochastic spatial weights matrices configurations
or arrangement of the units in the sample which are the
spatial parameters of the model, t = 1,2,… ,T, yit = (yit,
y2t,… ,yit)’, Xitk is an i × k matrix of non-stochastic regressors, Xjtk is an j × k matrix of non-stochastic regressors,
vit = (vit, v2t,… ,vit)’ are i × 1 column vectors, vit’s are i.i.d.
across I and t with zero mean and variance σ02, α is an
i × 1 column vector of individual fixed effects, τ is a scalar
indicating a time effect, βk is the indicator of k × 1 vector of k observation related parameter, εit is N × 1 vector of normal errors µi and γt illustrate the spatial fixed
effects and time-period fixed effects, respectively. εit, µi
and γt are random variables which are independent of
each other [4, 14, 34]. θ, λ, ρ are the spatial parameters.
Given θ = 0, the model is SAC; λ = 0 is SDM; λ = 0 and
θ = 0 are SAR;
 ρ = 0 and θ = 0 are SEM and λ = 0, θ = 0
and µi = ∅ nj=1 wij µi + ηi represent GSPRE. In fact, all
of the models consider a weight matrix but the considered weight matrix of each model is different.
After one by one estimation of five stipulation of
Eq. (5), the “Hausman test” can be used to select “Random” versus “Fixed Effects” [4, 20]. It is noteworthy that
the Hausman test can be applied to SAR, SDM and SEM
models but cannot be applied to SAC and GSPRE models because the former is only assumed to be fixed and
the latter is just random [13]. Generally, the LR test could
be used to select a more appropriate functional form out
of the five models: SDM, SAR, SEM, SAC and GSPRE.
In order to compare the models using the LR test, one
model was considered unrestricted and other ones considered restricted. Taking into account the number of
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constraints, the following five ways for comparing the
models were possible: (1) SDM unrestricted model versus
SAR restricted model which distinguished the constraint
of the weight matrix of variables; (2) SAC unrestricted
model versus SEM restricted model which showed the
constraint of the spatial correlation coefficient (ρ); (3)
SAC unrestricted model versus the SAR restricted model
which illustrated the constraint of the spatial correlation coefficient between error terms (λ); and (5) GSPRE
unrestricted model versus the SEM restricted model.
Here, the constraint is the spatial correlation coefficient between distance variables (θ). LR test is shown as
follows:
2
LR = −2(LnLR − LnLUR )(x2 ,k) ≈ x(M)

(6)

In the LR test, the hypothesis H0 means accepting the
restricted model and the hypothesis H1 means accepting
the unrestricted model. Thus, if the amount of LR statistic is more than the Chi-square table (with M degree
of freedom being the number of constraints), H
 0 will be
rejected, rejecting H0 does not mean that a spatial econometrics model is necessary but that it should be considered [18]. Finally, among the five functional forms, the
form chosen is that which is superior in two criteria: the
number of significant coefficients and higher R2.
In a spatial econometric model, the effect of an explanatory variable change in a specific unit will affect not only
that unit but also its neighbors. Hence, the coefficient
β is just a component of the total (marginal) effects to
which the effect of the spatially lagged explanatory variable should be added. More precisely, for each regressor, N × N matrix of coefficients existed, indicating how
a change in that regressor influences all the units in the
sample. This implies that if K is the number of controls
in the model, K matrices of dimension N × N of indirect
effects and K vectors of dimension N × 1 of direct effects
will occur. The latter is the diagonal elements of the N × N
matrix of total effects and indicate how the dependent
variable changes into unit i given the changes in the kth
regressor in unit i. Indirect effects are the off-diagonal
elements of the matrix of total effects and indicate how
changes in the explanatory variable in unit i affects the
dependent variable in unit j through a feedback process
(see [12]). Furthermore, it should be noted that the estimated direct and indirect effects might go in opposite
directions, thus looking only at one of them might not be
sufficient [3].
The spatial model of this research is based on theoretical literature of research and previous studies derived
from the model of Mankiw et al. [26] which is in the form
of relation (7)

Table 1 Descriptive statistics of variables during 1992–
2016
N + g + δ Human capital LNC

LNGDP(t − 1) DLNGDP

19 country
Min

− 4.58

0.33

21.77

1.76

29.08 11.92

Mean

2.09

0.93

25.04 10.39

SD

1.78

0.27

Max

10.8

� ln Yit = −(1 − e−a ) ln Yi0 −
+

1.56

8.06

0.89

− 0.22
0.16

0.02
0.04

a(1 − e−ct )
ln(Ni + g + δ)
1−a

a(1 − e−ct )
ln(Si ) + (1 − e−ct ) ln Ai0 + gt
1−a

(7)
It considers the Cobb–Douglas product function
ϕ
Yt = Ktα Ht (At Lt )1−α−ϕ in the model with human capital
and its Yt = Ktα (At Lt )1−α in the model without human
capital, where 0 < α < 12. The labor augment technological
progress A grows at rate g exogenously, i.e., At = A0 exp(gt),
and the labor L grows at rate n exogenously, i.e., Lt = L0
exp(nt). The explanatory variables include exogenous technical progress rate (g), labor growth rate (N), savings rate
(S) and capital depreciation rate (δ). An exogenous technical progress rate was assumed, and the capital depreciation rate was assumed to be constant across countries, i.e.,
g + δ = 0.05, as in Mankiw et al. [26], Islam [21], Ertur and
Koch [16] and Yu Ho et al. [33].

Analysis
Data

In our model, the spatial dynamic panel data model and
the spatial cross-sectional data were used for 19 countries.
These countries were chosen because they had complete
data. Because of missing data for estimating spatial models, most countries had to be omitted from this research.
In addition, countries with incomplete datasets (i.e., 2 or 3
data missing) had to be omitted as Stata gave error when
estimating the spatial model. The countries included were
China, Cyprus, Egypt, Hong Kong, Indonesia, India, Iran,
Japan, Korea, Lebanon, Malaysia, Pakistan, Philippines,
Russian Federation, Saudi Arabia, Singapore, Thailand,
Turkey and Vietnam. The data cover the period 1992–2016.
The variables used were as follows: differential log of GDP
as a proxy of economic growth (DLNGDP(t−1)); gross fixed
capital formation (constant 2010 US$) (LNC); human
capital (Human capital); combined growth rate of labor
force, exogenous technical progress rate and capital depreciation rate (N + g+ δ). All the research data were collected
from the World Bank, CEPII, Penn World Table 9 (PWT
9.0)-Groningen University [17] and Barro-Lee [5] and
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Table 2 Results of selection model tests for economic
growth during 1992–2016 without human capital
Hypothesis
H0 (restricted
model)

Hypothesis H1
(unrestricted
model)

The test result Value of the test
statistic (P value)

Hausman test (to select the random effects and the fixed effects
model)
SDM random

SDM fixed

SDM fixed

SAR random

SAR fixed

SAR fixed

SEM random

SEM fixed

SEM fixed

H = 35.75 (0.000)

LR test (for nested models)

H = 42.55 (0.0000)

H = 11.59 (0.0089)

SAR fixed

SDM fixed

SDM fixed

LR = 91.383
(0.000)

SEM fixed

SAC fixed

SEM fixed

LR = 0.5284
(0.9126)

SAR fixed

SAC fixed

SAC fixed

LR = 302.1528
(0.000)

SEM random

GSPRE random

SEM random

LR = 1.575
(0.6651)

expressed in natural logarithms. The descriptive statistics
of variables are presented in Table 1.
SDM, SAR, SEM, SAC and GSPRE models as well
as two fixed and random effects for all models were

estimated. The results of the estimation of models are as
follows:
In this model, economic growth, gross fixed capital
formation, growth rate labor force, the log of GDP and
human capital were significant in the estimation. In fact,
they were the effective variables of the model.
According to Table 2, the Hausman test shows that in
the SDM, SAR and SEM models, the fixed effects model
is superior to the random effects model. Since in the
three models, the fixed effects model was superior to
the random effects model, the fixed effects model was
considered more appropriate. Furthermore, the results
of the LR test for selecting the more appropriate model
are shown in Table 3. Based on the Hausman test, there
were five models for the LR test and so comparisons
could be made between the fixed SAR and fixed SDM
models, between the fixed SEM and fixed SAC models,
between the fixed SAR and fixed SAC models and also
between the random SEM and random GSPRE models.
Based on the results, SEM, SAC and SDM models in one
state were fixed and in another were random. Based on
the Hausman test, the last model was rejected because it
had random effects. R2 was 0.1701, 0.1741 and 0.0417 in
the SAC, SEM and SDM models, respectively. Since the

Table 3 Estimation of panel spatial models during 1992–2016 for 19 countries with human capital
Variable

GSPRE
random
effects

SAC fixed
effects

SEM

SAR

SDM

Fixed effects Random
effects

Fixed effects Random
effects

Fixed effects Random effects

Constant

0.12
(1.85)

0.11
(1.63)

LNGDP(t−1)

− 0.02***
(− 3.57)

− 0.09***
(− 6.56)

− 0.09***
(− 6.81)

− 0.02***
(− 3.31)

− 0.04***
(− 3.59)

− 0.005
(− 1.10)

− 0.09***
(− 6.70)

− 0.02***
(− 2.37)

LN capital

0.004***
(1.60)

0.04***
(5.92)

0.04***
(6.08)

0.004*
(1.69)

0.02***
(2.91)

0.0005
(0.20)

0.04***
(5.19)

0.009***
(2.39)

(N + 0.05)

− 0.007***
(− 7.22)

− 0.009***
(− 8.19)

− 0.008***
(− 8.39)

− 0.007***
(− 7.20)

− 0.005***
(− 5.72)

− 0.005***
(− 5.14)

− 0.009***
(− 9.23)

− 0.008***
(− 8.19)

LN human
capital

− 0.01
(− 0.88)

− 0.02
(− 1.32)

− 0.02
(− 1.25)

− 0.01
(− 1.09)

0.008
(0.82)

0.004
(0.46)

− 0.04***
(− 2.01)

− 0.04***
(− 2.18)

LNGDP(t−1)* W

0.02***
(6.08)

0.005**
(1.81)

Capital *W

− 0.009***
(− 4.11)

− 0.003***
(− 2.76)

(N + 0.05)* W

0.003***
(8.17)

0.003***
(7.19)

LN human
capital* W

0.01***
(2.81)

0.01***
(3.98)

− 0.04
(− 0.89)

ρ
λ

0.08***
(6.63)

∅

− 0.18
(− 0.85)

LNL

943.99

0.1***
(4.23)

0.08***
(6.28)

0.08***
(6.64)

988.56

988.12

943.40

0.05
(0.67)

0.07
(1.10)

0.27***
(60.94)

0.27***
(60.06)

0.27***
(58.25)

0.27***
(58.20)

836.87

799.31

886.37

838.86

*, ** and *** denote significance at 10%, 5% and 1% level. The numbers in the () are the t-statistic
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SEM model had the largest R2, it was more likely to be
accepted and as a result selected as the more appropriate
model. In fact, the “fixed SEM model” compared to other
spatial models better explains the impact of economic
growth and spatial correlation.
According to Table 4, based on the SEM model, the
coefficient of the variable log of GDP and the coefficient
of gross fixed capital formation are negative and positive, respectively. When a country invests in technology
and improves its technology, the return on investment is
greater than the domestic interest it owns, productivity
increases and neighboring countries also benefit. In other
words, with the improvement of the situation of one or
more countries in a region, all the countries in the region
will benefit which will, in fact, create a positive growth
cycle in the region. In addition, with the increase in physical capital, a country’s production capacity increases and
with economic growth, GDP growth increases. Capital
spillover occurs from countries with high capital stock
to countries of low capital stock. Moreover, when openness increases, capital flow rises also. The lesser amount
of capital in developing countries results in a higher economic growth compared to developed countries. The
coefficient of the growth rate labor force was negative.
When the final productivity of the workforce is zero,
the growth rate of the labor force will be negative leading to unemployment in a country. Therefore, more labor

force entering the production process does not necessarily increase production. A rise in the growth rate of the
labor force does not inevitably lead to greater production
and GDP growth. The reason for this might be that the
labor force growth rate has reached saturation point. On
the other hand, in the Solow’s models, economic growth
increases due to the lower returns of capital to the workforce by increasing physical capital and reducing labor
force growth rates. When measuring the factors affecting economic growth such as the formation of gross fixed
capital formation and growth rate labor force, to avoid
the heterogeneity variance, it is necessary to determine
the position and proximity of the desired location that is
measured by the model. The significance of these coefficients means that the meaning of spatial correlation in
the performance relation is based on geographical location. Furthermore, the spatial autocorrelation coefficient,
λ, indicates that the value of this coefficient is statistically
significant and positive, so the geographical dimension
is of particular importance between countries. It shows
that in a period of time, countries which have a year’s
economic growth, on average, have the potential to grow
more the following year. A country’s economic growth
will increase by 0.76% if the average weighted economic
growth of its neighboring countries increases by 1%.
According to Table 5, the Hausman test shows that in
the SDM and SEM models, the fixed effects model was

Table 4 Estimation of panel spatial models during 1992–2016 for 19 countries without human capital
Variable

GSPRE
random
effects

SAC fixed
effects

SEM

SAR

SDM

Fixed effects Random
effects

Fixed effects Random
effects

Fixed effects Random effects

Constant

0.13**
(2.29)

0.13**
(2.05)

LNGDP(t−1)

− 0.02***
(− 4.15)

− 0.09***
(− 6.87)

− 0.09***
(− 7.17)

− 0.02***
(− 4.09)

− 0.04***
(− 3.50)

− 0.004
(− 1.02)

− 0.10***
(− 7.25)

− 0.02***
(− 2.78)

LN capital

0.003
(1.45)

0.04***
(5.79)

0.04***
(5.94)

0.004
(1.54)

0.02***
(3.31)

0.0008
(0.32)

0.04***
(5.03)

0.01***
(2.93)

(N + 0.05)

− 0.007***
(− 7.16)

− 0.008***
(− 8.11)

− 0.008***
(− 8.30)

− 0.007***
(6.65)

− 0.006***
(− 5.81)

− 0.005***
(− 5.18)

− 0.009***
(− 8.88)

− 0.008***
(− 7.55)

LNGDP(t−1)* W

0.03***
(6.58)

0.003**
(2.35)

Capital* W

− 0.007***
(− 3.46)

− 0.003***
(− 2.76)

(N + 0.05)* W

0.003***
(7.73)

0.003***
(6.23)

− 0.03
(− 0.70)

ρ
λ

0.08***
(6.64)

∅

− 0.21
(− 0.96)

LNL

943.59

0.09***
(4.01)

0.08***
(6.44)

0.08***
(6.65)

987.61

987.35

942.81

0.03
(0.53)

− 0.03
(− 0.52)

0.27***
(61.15)

0.27***
(60.13)

0.27***
(58.54)

0.27***
(58.55)

836.53

799.21

882.23

828.73

*, ** and *** denote significance at 10%, 5% and 1% level. The numbers in the () are the t-statistic

Amidi et al. Futur Bus J 2020, 6(1):20

Page 8 of 14

Table 5 Results of selection model tests for economic
growth during 1992–2016 with human capital
Hypothesis
H0 (restricted
model)

Hypothesis H1
(unrestricted
model)

The test result Value of the test
statistic (P value)

Hausman test (to select the random effects and the fixed effects
model)
SDM random

SDM fixed

SDM fixed

SAR random

SAR fixed

SAR fixed

SEM random

SEM fixed

SEM fixed

LR test (for nested models)

H = 40.86 (0.0000)

H = − 4645.28 ()

H = 37.21 (0.000)

SAR fixed

SDM fixed

SDM fixed

LR = 98.9886
(0.000)

SEM fixed

SAC fixed

SEM fixed

LR = 0.8648
(0.9296)

SAR fixed

SAC fixed

SAC fixed

LR = 303.37
(0.000)

SEM random

GSPRE random

SEM random

LR = 1.1744
(0.8823)

superior to the random effects model and thus making it
more appropriate. Furthermore, the results of the LR test
for selecting the more appropriate model are shown in
Table 4. Based on the Hausman test, there are four models for the LR test and thus comparisons could be made
between the fixed SAR and fixed SDM models, between
the fixed SEM and fixed SAC models, between the fixed
SAR and fixed SAC models and between the random
SEM and random GSPRE models. Based on the results,
the SEM, SAC and SDM models had one fixed state and
one random; when in random state, SEM was selected.
Based on the Hausman test, the last model was rejected
because it had random effects. R2 was 0.1718, 0.1741 and
0.0087 in the SAC, SEM and SDM models, respectively.
Since the SEM model had the greatest R2, it was more
likely to be accepted and consequently selected as the
more appropriate model. In fact, the “fixed SEM model,”
compared to other spatial models better explains the
impact of economic growth and the spatial correlation.

According to Table 7, based on the SEM model, the
coefficient of the log of GDP, the gross fixed capital formation and the growth rate labor force are negative, positive and negative, respectively. The coefficient of human
capital is not significant. When measuring the factors
affecting economic growth such as the formation of gross
fixed capital formation and growth rate labor force, to
avoid the heterogeneity variance, it is necessary to determine the position and proximity of the desired location
which the model measures. The significance of these
coefficients implies that the meaning of spatial correlation is based on geographical location. Furthermore, the
spatial correlation coefficient, λ, indicates that the value
of this coefficient is statistically significant and positive
indicating that the geographical dimension is of particular importance among the countries surveyed. If the average weighted economic growth of neighboring countries
increases by 1%, its economic growth will increase by
0.08%.
The results of the recognition spatial test (log likelihood
function) in Table 6 show that zero hypotheses (lack of
existence of spatial correlation) was rejected, and spatial
autocorrelation in these 5 years existed. In other words,
it indicates the existence of spatial effects of this group
of countries. According to the values of those tests, the
SDM model was accepted.
Table 7 shows that by considering the geographical distance from models with human capital, the coefficient
of the log of the GDP was significant and negative in
1995, 2005, 2010 and 2015. The coefficient of the gross
fixed capital formation (constant 2010 US$) was significant and negative in 1995 and 2000 and significant and
positive in 2005, 2010 and 2015. The coefficient of the
growth rate of labor force was significant and negative in
2000 and significant and positive in 2015. The coefficient
of human capital was significant and positive in 2000.
Table 7 shows that by considering the geographical distance from models without human capital, the coefficient
of the log of the GDP was significant and negative in 2005
and 2015. The coefficient of the gross fixed capital formation (constant 2010 US$) was significant and negative in

Table 6 Recognition spatial test (log likelihood function)
With human capital
SAC

SDM

Without human capital
SEM

SAR

SAC

SDM

SEM

SAR

1995

41.5919

44.0772

41.5877

41.5912

40.0270

42.8049

40.0139

39.8424

2000

49.6891

56.6342

47.4747

49.2771

46.9620

53.3574

46.4605

46.0720

2005

53.0420

53.6073

50.8721

50.6797

50.7562

51.2801

50.3503

48.9709

2010

41.8866

43.8628

40.7699

41.4725

41.7530

41.8930

40.6476

41.0188

2015

45.4213

51.4555

45.2542

45.0797

44.2959

45.5811

44.1382

44.2922
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Table 7 The estimation the SDM model results
Variable

With human capital

Without human capital

1995

2000

2005

2010

2015

1995

2000

2005

2010

2015

Constant

0.37***
(3.32)

0.39***
(4.08)

0.13
(1.19)

− 0.26
(− 1.33)

0.18*
(1.81)

0.33***
(3.22)

0.34***
(3.11)

0.12
(0.98)

0.001
(0.00)

0.11
(1.11)

LNGDP(t−1)

− 0.01**
(− 1.70)

− 0.004
(− 0.60)

− 0.04**
(− 2.51)

− 0.03*
(− 1.76)

− 0.04***
(− 4.24)

− 0.004
(− 0.63)

0.005
(0.89)

− 0.02**
(− 2.41)

− 0.005
(− 0.61)

− 0.02***
(− 3.51)

LN capital

− 0.01**
(− 2.28)

− 0.02***
(− 3.10)

0.01**
(2.51)

0.02**
(2.23)

0.01**
(3.10)

− 0.011**
(− 2.23)

− 0.01***
(− 2.92)

0.007
(1.50)

0.006
(0.79)

0.007
(1.65)

LN human capital

0.06
(1.37)

0.05*
(1.85)

0.04 (0.43)

0.05
(0.84)

− 0.008
(− 0.21)

(N + 0.05)

− 0.005
(− 0.74)

− 0.01***
(− 4.62)

− 0.003
(− 0.46)

0.003
(0.60)

0.01*
(1.75)

0.002
(0.42)

− 0.009***
(− 3.93)

− 0.004
(− 0.84)

− 0.001
(− 0.31)

0.006
(0.86)

LNGDP(t−1)* W

− 0.003**
(− 1.09)

− 0.005
(− 0.87)

− 0.02*
(− 1.83)

− 0.001
(− 0.25)

− 0.01
(− 1.64)

− 0.005**
(− 2.09)

− 0.0004
(− 0.09)

− 0.004
(− 0.78)

− 0.001
(− 0.20)

0.003
(0.64)

Capital LN* W

0.003**
(1.71)

0.003**
2.43

0.003
(1.30)

− 0.004
(− 1.51)

− 0.001
(− 0.46)

0.003**
(2.16)

0.002
1.31

0.002
1.06

0.0003
(0.14)

− 0.001
(− 0.47)

W* LN human capital

− 0.01
(− 0.66)

0.003
(0.13)

0.09
(1.40)

0.06**
(1.98)

0.08***
(3.05)

(N + 0.05)* W

− 0.003
(− 1.29)

− 0.005
(− 0.96)

0.009
(1.55)

0.005
(1.38)

− 0.005
(− 1.18)

− 0.004
(− 1.49)

− 0.009**
(− 2.19)

− 0.001
(− 0.47)

− 0.0002
(− 0.05)

− 0.005
(− 1.49)

ρ

− 0.1
(− 0.64)

− 0.64***
(− 2.96)

− 0.76***
(− 3.17)

− 0.05
(− 0.39)

− 0.6***
(− 2.85)

− 0.10
(− 0.65)

− 0.66***
(− 2.91)

− 0.72***
(− 2.79)

− 0.08
(− 0.54)

− 0.14
(− 1.17)

λ

0.01***
(4.25)

0.01***
(5.12)

0.02***
(5.57)

0.02***
(4.55)

0.01***
(4.70)

0.02***
4.20

0.01***
(5.11)

0.02***
(5.44)

0.02***
(4.47)

0.01***
(4.55)

formation in one country leads to economic growth in
other countries and thus the effects are positive. The
total effects show that if G
 DP(t−1) and gross fixed capital formation of one country increase, economic growth
of all countries would decrease by 0.0156 and 0.0111 in
the model with human capital and by 0.0041 and 0.0119
in the model without human capital, respectively. The
direct effect, indirect effect (spillover) and total effect of
all variables in the model with human capital growth rate
of labor force was negative on economic growth showing
that an increase in growth rate of labor force in one country results in a decrease of 0.0054 of economic growth in
all countries. In the model without human capital, direct

1995 and 2000. The coefficient of the growth rate labor
force was significant and negative in 2000. The coefficient
of the spatial autoregression (ρ) was significant and negative in models with human capital in 2000, 2005, 2010
and 2015 and without human capital in 2000, 2005 and
2010.
According to Table 8, in both models direct, effects
of the 
GDP(t−1) and the gross fixed capital formation
are negative showing that an increase in G
 DP(t−1) and
gross fixed capital formation in one country results in a
decrease in economic growth in other countries. The indirect effects (spillover) of both models are positive, illustrating that increasing GDP(t−1) and gross fixed capital

Table 8 Direct and indirect effects of the SDM model in 1995
With human capital
Indirect effect
GDP(t−1)

0.0054

Capital

0.0039

Human capital

Direct effect
− 0.0211

Total effect
− 0.0156

β

Indirect effect

− 0.0144

− 0.0150

− 0.0111

− 0.0103

− 0.0038

− 0.0110

–

–

–

–

− 0.0054

− 0.0050

− 0.0010

0.0036

0.0026

0.0024

Capital* W

− 0.0010

0.0039

0.0029

0.0027

− 0.0012

0.0045

Human capital* W
(N + 0.05)* W

0.0052

0.0013

− 0.0200

− 0.0049

− 0.0032

− 0.0149

− 0.0037

0.0571

− 0.0041

− 0.0119

β

− 0.0073

− 0.0043

0.0618

− 0.0056

− 0.0162

Total effect

− 0.0019
0.0011

0.0833

0.0015
0.0043

Direct effect

(N + 0.05)

GDP(t−1) *W

− 0.0215

Without human capital

− 0.0030

− 0.0137

− 0.0034

0.0021

− 0.0080

− 0.0059

0.0033

− 0.0054

0.0030

–

–

–

–

0.0015

− 0.0055

− 0.0040

− 0.0037
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total effects represent that if human capital in one country increases, economic growth of all countries would
increase by 0.0682. In the model without human capital,
direct effects of gross fixed capital formation and growth
rate of labor force were negative, illustrating that an
increase in gross fixed capital formation and growth rate
of labor force in one country leads to a decrease in economic growth of all countries. The indirect effects (spillover) in the model without human capital were positive
since increasing gross fixed capital formation and growth
rate of labor force in one country intensifies economic
growth in other countries, thus having a positive effect.
The total effects demonstrate that if gross fixed capital
formation and growth rate of labor force in one country
increase, they would decrease by 0.0188 and 0.0119 in
other countries, respectively, and consequently lead to a
decline in economic growth. The direct effect of GDP(t−1)
is positive, indicating that an increase in GDP(t−1) in one
country results in an increase in economic growth of all
countries. The indirect effect (spillover) was negative as
increasing GDP(t−1) in one country decreased economic
growth in other countries, thus having a negative impact.
The total effects show that if 
GDP(t−1) in one country increases, economic growth of all countries would
increase by 0.0070.
According to Table 10, in the model with human capital, direct effects of gross fixed capital formation and
human capital were positive indicating that an increase
in gross fixed capital formation and human capital in one
country leads to an increase in economic growth of all
countries. The indirect effects (spillover) were negative as
increasing gross fixed capital formation and human capital in one country results in declined economic growth
in other countries. The total effects show that if gross
fixed capital formation and human capital in one country increase, they would increase by 0.0163 and 0.0556
in other countries, respectively, and lead to economic
growth. In both models, direct effects of GDP(t−1) and

effects of growth rate of labor force were positive which
indicates that the increase in growth rate of labor force
in one country leads to increases in economic growth of
all countries. The indirect effect (spillover) was negative
as increasing growth rate of labor force in one country
leads to decreased economic growth in other countries.
The total effects show that if growth rate labor force in
one country increases, economic growth of all countries
would increase by 0.0026. The direct effect of human
capital was positive, indicating increasing economic
growth of all countries when human capital increases in
one country. The indirect effect (spillover) was negative
as with increasing human capital in one country, economic growth in other countries decreases, thus having
a negative effect on other countries. If the total effects
show human capital in one country increasing, economic
growth of all countries would increase by 0.0618.
According to Table 9, in the model with human capital,
direct effects of GDP(t−1), gross fixed capital formation
and growth rate of labor force were negative indicating
that an increase in GDP(t−1), gross fixed capital formation
and growth rate of labor force in one country results in a
decrease in economic growth in all countries. The indirect effects (spillover) in the model with human capital
were positive as increasing G
 DP(t−1), gross fixed capital
formation and growth rate of labor force in one country
leads to a rise in economic growth in other countries,
thus having a positive effect on other countries. The total
effects illustrate that if GDP(t−1), gross fixed capital formation and growth rate of labor force in one country
increased, they would decrease by 0.0046, 0.0196 and
0.0139 in other countries, respectively, and thus lead to
a decline in economic growth. The direct effect of human
capital is positive, indicating that an increase in human
capital in one country results in an increase in economic
growth of all countries. The indirect effect (spillover)
was negative as increasing human capital in one country
will decrease economic growth in other countries. The

Table 9 Direct and indirect effects of the SDM model in 2000
With human capital
Indirect effect
GDP(t−1)

0.0099

Capital

0.0422

Human capital
(N + 0.05)

GDP(t−1) *W
Capital* W
Human capital* W
(N + 0.05)* W

− 0.1468
0.0299

0.0148
− 0.0095

− 0.0085
0.0138

Without human capital

Direct effect
− 0.0144

Total effect
− 0.0046

β

Indirect effect

− 0.0035

− 0.0619

− 0.0196

− 0.0151

− 0.0438

− 0.0139

− 0.0107

0.0139

0.0044

0.0034

0.2150

− 0.0217

0.0682

− 0.0069

0.0526

− 0.0053

0.0124

0.0039

0.0030

− 0.0203

− 0.0064

− 0.0050

− 0.0157

0.0420
0.0266
–

0.0011
− 0.0062

Direct effect

Total effect

β

0.0227

0.0070

0.0054

− 0.0609

− 0.0188

− 0.0145

− 0.0386

–

− 0.0016

0.0090

− 0.0119

–

− 0.0005

0.0028

− 0.0092

–

− 0.0004

0.0021

–

–

–

–

0.0261

− 0.0378

− 0.0117

− 0.0090
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Table 10 Direct and indirect effects of the SDM model in 2005
With human capital
Indirect effect
GDP(t−1)
Capital
Human capital
(N + 0.05)

GDP(t−1) *W
Capital *W
Human capital* W
(N + 0.05)* W

0.1323
− 0.0428

− 0.1463
0.0119

0.0743
− 0.0094

Without human capital

Direct effect

Total effect

β

− 0.1825

− 0.0503

− 0.0388

0.0591

0.0163

Indirect effect

0.0126

0.2019

0.0556

0.0430

− 0.0164

− 0.0045

− 0.0035

0.0129

0.0036

0.0028

− 0.1025

− 0.3209

− 0.0311

− 0.0282

− 0.0218

0.0672
− 0.0232

Direct effect
− 0.0948

0.0327

Total effect
− 0.0276

0.0095

β
− 0.0212

0.0073

–

–

–

–

0.0115

− 0.0162

− 0.0047

− 0.0036

0.0106

0.0031

0.0024

0.0127
− 0.0075

− 0.0179

− 0.0052

− 0.0040

0.4428

0.1219

0.0942

–

–

–

–

0.0429

0.0118

0.0091

0.0032

− 0.0045

− 0.0013

− 0.0010

According to Table 11, in the model with human capital, direct effects of gross fixed capital formation and
human capital were positive, implying that an increase
in gross fixed capital formation and human capital in
one country increases economic growth of all countries.
The indirect effects (spillover) were negative as increasing gross fixed capital formation and human capital in
one country decreased economic growth in other countries. The total effects showed that if gross fixed capital
formation and human capital in one country increased,
they would increase by 0.0257 and 0.0557 in other countries, respectively. In the model with human capital,
direct effects of GDP(t−1) were negative, implying that
that an increase in G
 DP(t−1) in one country results in a
decrease in economic growth in other countries. The
indirect effects (spillover) were positive since increasing GDP(t−1) in one country increased economic growth
in other countries. The total effects demonstrate that if
GDP(t−1) in one country increased, economic growth of
all countries would decrease by 0.0309. In the model with
human capital, direct effects of growth rate of labor force
were positive, indicating that the increase in growth rate
of labor force in one country leads to increased economic

growth rate of labor force were negative, indicating that
an increase in GDP(t−1) and growth rate of labor force in
one country results in a decrease in economic growth of
all countries. The indirect effects (spillover) of both models were positive as increasing GDP(t−1) and growth rate
of labor force in one country leads to economic growth
in other countries, thus having a positive effect. The total
effects illustrate that if G
 DP(t−1) and growth rate of labor
force in one country increase, they would decrease by
0.0503 and 0.0045 in the model with human capital and
by 0.0276 and 0.0047 in the model without human capital, respectively, leading to a decline of economic growth
in all countries. In the model without human capital,
direct effects of gross fixed capital formation were positive, indicating that an increase in the gross fixed capital
formation of one country increases economic growth of
all countries. The indirect effect (spillover) was negative
as increasing gross fixed capital formation of one country
decreased economic growth in other countries and consequently a negative effect on other countries. The total
effects demonstrate that if the gross fixed capital formation of one country increase, economic growth of all
countries would increase by 0.0095.

Table 11 Direct and indirect effects of the SDM model in 2010
With human capital
Indirect effect
GDP(t−1)
Capital
Human capital

0.0055
− 0.0046

− 0.0100

(N + 0.05)

− 0.0005

Capital* W

0.0008

GDP(t−1) *W
Human capital* W
(N + 0.05) *W

0.0002

− 0.0108

− 0.0009

Without human capital

Direct effect

Total effect

β

− 0.0365

− 0.0309

− 0.0296

0.0304

0.0257

Indirect effect

0.0246

0.0016
− 0.0017

Direct effect
− 0.0074

0.0080

Total effect
− 0.0058

0.0063

β
− 0.0054

0.0059

0.0657

0.0557

0.0533

–

–

–

–

0.0033

0.0028

0.0027

0.0004

− 0.0019

− 0.0015

− 0.0014

0.0004

0.0003

0.0003

− 0.0015

− 0.0013

− 0.0012

0.0003

− 0.0012

− 0.0011

− 0.0045

− 0.0043
0.0576

–

–

–

–

0.0062

0.0053

0.0050

0.0000

− 0.0002

− 0.0002

− 0.0002

0.0710

0.0603

− 0.0001

− 0.0015

− 0.0053
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countries. The total effects show that if gross fixed capital
formation and growth rate of labor force in one country
increased, they would increase by 0.0173 and 0.0173 in
the model with human capital and by 0.0072 and 0.0061
in the model without human capital, respectively. In the
model with human capital, direct effects of GDP(t−1) and
human capital were negative indicating that an increase
in GDP(t−1) and human capital in one country consequently decrease economic growth of all countries.
The indirect effects (spillover) were positive as increasing GDP(t−1) and human capital in one country leads to
economic growth in other countries. The total effects
show that if GDP(t−1) and human capital in one country
increase, they would decrease by 0.0536 and 0.0107 in all
countries, respectively, resulting in declined economic
growth. In model without human capital, direct effects
of GDP(t−1) were negative, illustrating that an increase
in GDP(t−1) in one country results in a decrease in economic growth in all countries. The indirect effects (spillover) were positive as increasing G
 DP(t−1) in one country
increased economic growth in other countries. The
total effects demonstrated that if G
 DP(t−1) in one country increased, economic growth of all countries would
increase by 0.0257.

growth of all countries. The indirect effects (spillover)
were negative as increasing growth rate of labor force in
one country decreased economic growth in other countries, thus having a negative effect on other countries.
The total effects showed that if gross fixed capital formation and human capital in one country rose, economic
growth of all countries would increase by 0.0028.
In the model without human capital, direct effects of
gross fixed capital formation were positive, indicating
that with an increase in the gross fixed capital formation
of one country, economic growth also occurred in other
countries. The indirect effects (spillover) were negative as
an increase in gross fixed capital formation and human
capital in one country leads to a reduction in economic
growth of other countries. The total effects illustrate that
if gross fixed capital formation and human capital in one
country increased, economic growth of all countries
would increase by 0.0063. In the model without human
capital, direct effects of GDP(t−1) and growth rate of labor
force were negative, indicating that an the increase in
GDP(t−1) and growth rate of labor force in one country
leads to a decrease of economic of economic growth in
all countries. The indirect effects (spillover) were positive
since an increase in GDP(t−1) and growth rate of labor
force in one country results in economic growth in other
countries. The total effects demonstrate that if G
 DP(t−1)
and growth rate of labor force in one country increase,
economic growth of all countries will decrease by 0.0058
and 0.0015, respectively.
According to Table 12, in both models, direct effects
of gross fixed capital formation and growth rate of labor
force were positive which indicate that with the increase
in gross fixed capital formation and growth rate of labor
force in one country, an increase occurs in the economic
growth of all countries. The indirect effects (spillover) of
both models were negative since increased gross fixed
capital formation and growth rate of labor force in one
country lead to decreased economic growth in other

Results and discussion
Spatial dynamic panel data model and spatial cross-sectional data approach for estimating the augmented Solow
growth model with a sample of 19 ASIA countries over
the period 1992–2016 were employed. The findings indicated that there was a positive spillover effect of growth
from one country to its neighboring countries in the
spatial dynamic panel data model and a negative spillover effect of the growth of one country to its neighboring
countries in the spatial cross-sectional data model. This
implied that traditional estimation techniques could lead
to biased estimated parameters due to disregard of spatial
spillover effects of variables. Spatial econometric models

Table 12 Direct and indirect effects of the SDM model in 2015
With human capital
Indirect effect
GDP(t−1)
Capital
Human capital

0.1080
− 0.0349
0.0216

(N + 0.05)

− 0.0348

Capital* W

0.0023

GDP(t−1) *W
Human capital* W
(N + 0.05)* W

0.0270

− 0.2201
0.0142

Without human capital

Direct effect

Total effect

β

− 0.1616

− 0.0536

− 0.0415

− 0.0324

− 0.0107

− 0.0083

0.0523

0.0521

− 0.0405

0.0173

0.0173

− 0.0134

Indirect effect

0.0134

0.0134

− 0.0104

− 0.0034

− 0.0011

− 0.0009

− 0.0212

− 0.0070

− 0.0054

0.3293

0.1092

0.0845

0.0124
− 0.0035

Direct effect
− 0.0381

0.0107

Total effect
− 0.0257

0.0072

β
− 0.0231

0.0065

–

–

–

–

− 0.0030

0.0091

0.0061

0.0055

0.0042

0.0028

0.0025

0.0004

− 0.0013

− 0.0009

− 0.0008

− 0.0014

–

–

–

–

0.0026

− 0.0079

− 0.0053

− 0.0048
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offer means to explore whether local economic growth
depends on the characteristics of neighboring countries.
In the spatial dynamic panel data model, the log of GDP,
gross fixed capital formation and growth rate labor force
were significant. Log of GDP and growth rate labor force
had negative effects on growth, while gross fixed capital
formation had positive effects. In spatial cross-sectional
data models in both with and without human capital
coefficient of log of GDP, gross fixed capital formation
and growth rate labor force had a negative effect on economic growth but coefficient of human capital had a
positive effect. In spatial cross-sectional data models in
the model with the human capital log of GDP, gross fixed
capital formation and growth rate labor force had a negative effect on economic growth, but in the model without human capital, human capital log of GDP and human
capital had a positive effect. In addition, gross fixed capital formation and growth rate labor force had positive
and negative effects on economic growth, respectively.

Conclusions
When a country invests in technology and improves its
technology, the return on investment is greater than the
domestic interest that it owns, its neighboring countries
benefit and their productivity increases. In other words,
improvement in the situation of one or more countries
in a region leads to benefits for all the countries in the
region and will, in fact, create a positive growth cycle in
the region. In addition, with increasing in physical capital,
the country’s production capacity will be increased and
with economic growth, GDP growth will be raised. Capital outflow from countries with high capital stock to low
capital stock countries occurs. Moreover, when openness
increases, capital flow also rises. The transfer of capital
from rich countries to poor countries leads to relatively
higher productivity of the labor force in poorer countries. The coefficient of the growth rate of the labor force
is negative. When the final productivity of the workforce
is zero, the growth rate of the labor force will be negative
leading to unemployment in the country; therefore, more
of the labor force entering the production process does
not increase production. If unemployment in the countries is under consideration or an increase in the production capacity is not as high as the growth rate of the labor
force, the increase in the labor force growth rate reduces
GDP growth; thus, economic growth is reduced because
saturation point is reached and the final production of
the workforce will be negative. On the other hand, in the
Solow’s models, economic growth increases due to the
lower returns of capital to the workforce by increasing
physical capital and reducing labor force growth rates.
When measuring factors affect economic growth such as
the formation of gross fixed capital formation and growth
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rate of labor force, it is necessary to determine the position and proximity of the desired location measured in
the model to avoid the heterogeneity variance.
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