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Economic model
To build our model we started with basic production function. Suppose the
factors of production and the production technology determine the level of output in an
economy according to:
Y = f (K, L), where Y denotes the output level (i.e., GDP), K denotes the amount
of capital (which is measured by Gross Capital Formation (GCF) as percentage of
GDP), and L denotes the amount of labor (measured by labor force of the country).
Therefore, we have added FDI also in the production function to analysis its
impact on economic growth, also population growth (annual %), trade in services (% of
GDP), price level ratio of PPP conversion factor (GDP) to market exchange rate.
Moreover these indicators have also been included in the famous Coub-douglas
Production Function for further observations. Trade in services is the sum of service
exports and imports divided by the value of GDP, all in current U.S. dollars. The ratio
of PPP conversion factor to market exchange rate is the result obtained by dividing the
PPP conversion factor by the market exchange rate. The ratio, also referred to as the
national price level, makes it possible to compare the cost of the bundle of goods that
make up gross domestic product (GDP) across countries. It tells how many dollars are
needed to buy a dollar's worth of goods in the country as compared to the United
States.
Therefore, production function can be expanded by adding population growth
(annual %) (P), trade in services (% of GDP) (TS), price level ratio of PPP conversion
factor (GDP) to market exchange rate (PL) as an extra variables. The augmented
production function can be written as follows:
Y = f (K, L, FDI, P, TS, PL)
Econometric model
Considering the above production function in context of multiple regressions, the
evaluation of the above function can be done on the basis of following equation:
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Y= β0 + β1 (K) + β2 (L) + β3 (FDI) + β4 (P) + β5 (TS) + β6 (PL) +ε, where Y =
Economic Growth (GDP growth (annual %))
K = Gross Capital Formation (% GDP)
L= Labor force participation rate, total (% of total population ages 15+)
FDI = Foreign direct investment, net inflows (% of GDP)
P= Population growth (annual %),
TS= Trade in services (% of GDP)
PL= Price level ratio of PPP conversion factor (GDP) to market exchange rate
Further β0 is the total factor productivity that explains output growth i.e. not
accounted by all the six factors and ε is the error term.
Data observation
The data set has been collected from the databank of World Bank because this is
the most reliable source of data and is used by almost every researcher. First of all we
get the summery statistics to show the main characteristics of our model.
Table 1. Summary statistics

As we see, we have 97 observations. The mean for FDI is 0.665 and standard
deviation is 0.332. After that we check whether there is a correlation between our
variables and the multicollinearity.
Table 2. Correlation between variables
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As we see from the table 2 the most correlation there exists between population
growth and labor force, but that is just 0,5 and this result is not as much that we can
exclude one of the variables between the model. The mentioned correlation between
these two variables exists because in long run term we can say that population growth
will lead to the increase of labor force. But as our data is observed for just 2012 the
correlation between them is only 0,5.
Table 3. The Multicollinearity of the variables

The vif test suggests that if the mean VIF is less than 10, then there is no
multicollinearity between our variables. In our data the mean VIF is 1.27, so this means
that we also do not have multicollinearity. Getting the main characteristics for our data,
we can do regression in order to see how the following factors affect Economic
Growth.
Empirical Analysis
Table 4. Estimated Regression Model Indicating the Factors that Affect
Economic Growth
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According to the table 3 we can get
Y= -2.554 +0.106 (K) + 0.054 (L) + 0.261 (FDI) + 0.056 (P) - 0.038 (TS) - 1.829(PL) +ε

The coefficients describe the dependence of economic growth on the other variables.
The intercept estimate b1=-2.554 is the value of the dependent variable when each of
the independent, explanatory variables takes the value zero, but this is economically
impossible, because it is not realistic if the variables such as labor force or gross capital
formation and other indicators be zero. The other parameters in the model measure the
change in the value of the economic growth given a unit change in the explanatory
variable and all other variables held constant. In our example the parameter
β1=0.106 shows that 1 unit increase of gross capital formation will lead to the
increase of economic growth by 0.106, when other variables held constant.
β2=0.054 - shows that 1 unit increase of labor force will lead to the increase of
economic growth by 0.054. This is because additional labor force make additional
product or services which is surely increase GDP.
β3=0.261- shows that the increase of FDI by 1unit will increase the economic
growth by 0.261 and the other variables held constant. That means we have positive
relation between the change of FDI and economic growth. So, the increase in FDI leads
to an increase in economic growth. Or, expressed differently, a reduction in FDI of
1unit will lead to the decrease in Economic growth by 0.261. The sample mean of FDI
is 3.049 and its standard deviation is 2.48. This means a 1% increase in FDI is a
relatively large change. So the 10% increase of FDI leads to the 2.61% increase of the
economic growth.
β4= 0.056-if the population will increase by 1% the economic growth will
increase by 0.056. This is because of the population growth the probability of the labor
force increases, which brings to the economic growth.
In our example we have trade in services and Price level ratio of PPP conversion
factor (GDP) to market exchange rate have negative effect in our economic growth.
Purchasing power parity conversion factor is the number of units of a country's currency required to buy the same amount of goods and services in the domestic market as a
U.S. dollar would buy in the United States. The ratio of PPP conversion factor to
market exchange rate is the result obtained by dividing the PPP conversion factor by
the market exchange rate. So the negative impact of this variable means, that in average
within our 96 countries there is a real large range between currency exchange rate of
the host and other countries that influences bad to the economic growth.
Trade in services has negative effect, because trade in services means not only
export of services but also import of services. In 2012 within our 96 countries in
average the import exceed the export that is why we have a negative effect.
From this regression we also get that there is 95% confidence interval for β3
being in the range of 0.567129 and 0.4659631. We can get this interval also doing
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calculations. Having N=96 and degrees of freedom are N-K=89, for 95% confidence
interval α=0.05. The critical value tc=t(1- α/2, N-2) = t(0.975,89) = 1.960 is the 97.5 percentile
from the t(N-K)-distribution with 89 degrees of freedom and tc=t(0.025,89)=-1.960 is the 2.5
percentile of the t(N-K) distribution. For β3 the probability statement becomes
P (b3- 1.987*se (b3) ≤ β3 ≤ b3+1.987*se (b3)) = 0.95
b3 ± tc * se (b3) = 0.261±1.987*0.102 = (0.056; 0.46)
There is just one remaining parameter to estimate- the error term. In our example
we have
δ 2 =∑i=196 ei2 / N-K=468.29/96-7=468.29/89=5.26
SSE=∑i=196 ei2 =468.29
From here the root MSE=2.29, which is absolutely we also get with the help of
regression. Also, viewing the relationship between FDI and economic growth with the
help of graph we see that foreign direct investments show increasing nature.
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Graph 1. The relationship between FDI and economic growth
From the graph we see that FDI effects economic growth directly.When FDI
increases we get more economic growth. First of all let’s check whether our model
homoscedastic or not. For that reason we do Breusch-Pagan Test and white’s test. Now
let’s do Breusch-Pagan Test for checking heteroscedastisity of our model.
Table 5 The Breusch-Pagan test for heteroscedasticity
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We get chi sq. distribution that has a certain numbers of freedom. In or example
it is six, because we have six parameters in our model except the constant one. So the
Breusch-Pagan Test produced a chi sq statistics with six degrees of freedom. BreuschPagan / Cook-Weisberg tests the null hypothesis that the error variances are all equal
versus the alternative that the error variances are a multiplicative function of one or
more variables. We get prob chi2 smaller than chi 2, so we do not reject the null and
except that our model is homoskedastic. We can do the same test this time with the
help of white test. The results are
Table 6. The White’s test for homoscedasticity

As we see from the results we get p value is greater than 0.05, so we do not reject
the null and except that our model is homoskedastic. The results confirm the fact that
our model is homoscedastic and now by doing sktest we show that the residuals have
normal distribution. For that first of all we generate a new variable r and get the
following result.
Table 7. Skewness /Kurtosis tests for residuals normality

Results from the table 7 indicate the fact that the residuals are normally
distributed as the prob. is greater than 0.05. We also show that with the help of graph.
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Graph 2. Qnorm test for the normality of residuals
Histograms and boxplots are useful for assessing distributional shapes, but the
qnorm command is the best for assessing whether a variable approximately follows a
normal distribution. We want to know if the plotted data fall approximately on a
straight line. Real data never fall exactly on a straight line, but if the residual are very
close to the straight line then we can conclude that there is a normally distribution.
The significance of the model.
1. We are testing β1 = 0, β2= 0, β3= 0, β4= 0, β5= 0, β6= 0.
Against the alternative H1: At least one of them is not zero. If Ho is true F =
(SST- SSE) / (7-1) / SSE/ (96-7) ~ F(6,89)
2. Using a 5% significance level, we find the critical value for F-statistics with
(6,89) degrees of freedom is FC = 2.2. Thus, we reject Ho if F ≥ 2.2
3. SST = 879.103, SSE =468.29, which gives an F- value of F = (879.10468.29)/6/ 468.29/ (96-7) = 68.46/ 5.261 = 13.01. Also p- value = P (F ≥ 13.01) =
0.000
4. Since 13.01 > 2.2, we reject the null and conclude that the estimated
relationship is a significant one.
Testing the Significance of the FDI coefficient
If we want to confirm the belief, that explanatory variable FDI influence the
dependent variable economic growth we need to show that β3 ≠ 0. Thus let’s test the
null hypothesis
Ho: β3 = 0 against the alternative hypothesis H1: β3 ≠ 0
To carry out the test, we use the test statistics, which, if the null hypothesis is
true, is
t=b3/se (b3) ~ t(N-K)
So, our standard testing format will be
199
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1. The null hypothesis is H0: β3=0. The alternative hypothesis is H1: β3 ≠0
2. The test statistics t=(b3/se(b3) ~t(N-7) if the null hypothesis is true
3. α=0.05. The critical values for this two-tail test are the 2.5-percentile t(0.025,89)=
-1.9870 and the 97.5-percentile t(0.975,89) = 1.9870. Thus we will reject the null
hypothesis if the calculated value of t ≥ 1.9870 or if t ≤ -1.9870. If -1.9870 < t < 1.9870
we will not reject the null hypothesis.
4. b3=0.261 with std error se (b3) = 0.102. The value of the test statistics is
T=b3/se (b3)=0.261/0.102=2.54
Since t=2.558 > 1.9870 we reject the null hypothesis that β3=0 and conclude
that there is a statistically significant relationship between FDI and economic
growth. Also in our table we have t-statistics value for FDI=2.54 and p value 0.013,
that means we can reject null hypothesis and except the alternative one. In our example
we can also calculate the p value in such a method
P= P (t(89) ≥ 2.54 + P(t(89) ≤ -2.54 = 0.013
In this case we reject Ho because 0.013 < 0.05
Now let’s do joint hypothesis trying to see whether economic growth is
influenced by FDI, gross capital formation and labor force and use F-test.
Thus, for this test our null and alternative hypotheses are
Ho: β1 =0, β2 = 0, β3 = 0
H1: β1 ≠ 0, β2 ≠ 0, β3 ≠ 0 or they all are nonzero
So Y= -2.554 +0.106 (K) + 0.054 (L) + 0.261 (FDI) + 0.056 (P) - 0.038 (TS) 1.829(PL) +ε is unrestricted model
And Y= -2.554 + 0.056 (P) - 0.038 (TS) -1.829(PL) +ε – will be the restricted
model, which is obtained by assuming the parameter restrictions in Ho are true. Doing
regression for our restricted and non restricted models we see that SSER-SSEU ≥ 0
625.09-468.29=156.8 ≥ 0
1. The joint null hypothesis is Ho: β1 =0, β2 = 0, β3 = 0. The alternative
hypothesis is H1: β1 ≠ 0, β2 ≠ 0, β3 ≠ 0 or they all are nonzero.
2. Having three restrictions in Ho means J = 3. Also N = 96, K = 7, so the
distribution of the F-test statistics when Ho is true is
F= (SSER – SSE U)/3 / SSEU/(86-7) ~ F(3, 89)
3. Using α = 0.05, the critical value from the F(3, 89) distribution is Fc = F (0.95, 3,89),
giving a rejection region of F≥ 2.71. Alternatively, Ho is rejected if p-value ≤ 0.05
4. The value of F-test statistics is F= (SSER – SSE U)/3 / SSEU/(86-7) = (625.09468.29) /3 / 468.29/ (96-7) = 52.26/5.261 = 9.933
5. The corresponding P-value is p = P(F(3,89) > 9.933) = 0.00001
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Since F = 9.933 > FC = 2.71, we reject the null hypothesis that β1 =0, β2 = 0, β3
= 0, and conclude that at least one of them is not zero. The same conclusion is reached
by noting that p-value = 0.00001< 0.05.
Now let’s show that adding irrelevant variable, that is correlated to FDI and
trade in services is not expected to influence economic growth. For that we generate
a new variable with the name new variable = FDI * trade in services.
Table 8. Estimated Regression Model with the irrelevant variable

As expected, the p-values of the variables get higher of 0.05, because here we
already have correlated variables. Also the standard errors of the coefficients for all
variables have increased. Besides ovtest also shows that we need not to add any
variable.
Table 9. Ramsey RESET test

As we see from the results of the ovtest we do not reject the null and this test also
confirm the fact that model has no omitted variables as the probability of omitted
variables is 0.0437.
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FDI has long been recognized as a major source of technology and know-how to
developing countries. There are several studies done on FDI and economic growth.
Their findings vary from different methods used on their research, some of the
researchers found that FDI has a positive effect on economic growth.

Ð³ÛÏ³Ýáõß ²Úì²¼Ú²Ü
úàôÜ ³½¹»óáõÃÛáõÝÁ ïÝï»ë³Ï³Ý ³×Ç íñ³
´³Ý³ÉÇ µ³é»ñ. úàôÜ, ïÝï»ë³Ï³Ý ³×, ïÝï»ë³Ï³Ý ¨ ïÝï»ë³ã³÷³Ï³Ý Ùá¹»É,
í»ñÉáõÍ³Ï³Ý ïíÛ³ÉÝ»ñ, ¿ÙåÇñÇÏ í»ñÉáõÍáõÃÛáõÝ, è³Ùë»Û Ã»ëÃ, Ïáñ»É³óáõÙ

¼³ñ·³óáÕ »ñÏñÝ»ñáõÙ úàôÜ-»ñÁ Ñ³Ù³ñíáõÙ »Ý ï»ËÝáÉá·Ç³ÛÇ ¨ ÝááõÑ³áõÝ»ñÇ ÑÇÙÝ³Ï³Ý ³ÕµÛáõñ: úàôÜ-»ñÇ ¨ ïÝï»ë³Ï³Ý ³×Ç í»ñ³µ»ñÛ³É
Ï³Ý Ï³ï³ñí³Í áñáß³ÏÇ Ñ»ï³½áïáõÃÛáõÝÝ»ñ, áñáÝù ÙÇÙÛ³ÝóÇó
ï³ñµ»ñíáõÙ »Ý Áëï Ñ»ï³½áïáõÃÛ³Ý Ù»Ãá¹Ý»ñÇ: àñáß Ñ»ï³½áïáõÃÛáõÝÝ»ñ
óáõÛó »Ý ï³ÉÇë áñ úàôÜ-»ñÁ áõÝ»Ý ¹ñ³Ï³Ý ³½¹»óáõÃÛáõÝ ïÝï»ë³Ï³Ý ³×Ç
íñ³:
Айкануш АЙВАЗЯН
Воздействие ПИИ на экономический рост
Ключевые слова: ПИИ, экономический рост, экономическая и эконометрическая модель,
аналитические данные, эмпирический анализ, Рамсeй тест, регрессия, корреляция,
гомоскедастичность

В развивающихся странах ПИИ считаются основным источником технологий и
ноу-хау. В отношении ПИИ и экономического роста проведены некоторые
исследования, различие которых состоит в методах, применимых при
исследовании. Некоторые исследования обнаружили, что ПИИ оказывают
положительное влияние на экономический рост.
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