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Abstract

Least Absolute Shrinkage and Selection Operator (LASSO) is a method of regression analysis
that uses regularization to increase prediction accuracy for the selection of variable and model
interpretability. The model which is having least root mean square error is the best model. We
also estimate the retention frequency for each model to show the repeatedly significant variable
in each modeling for all the countries. In this study six growth models have been used for
analyzing the main determinants of economic growth in case of cross countries. Time Series
Data from 1980 to 2020 were used to analyze the cross country growth factors therefore, the
current study looked at 43 countries with modelling these different comparative studies based
on growth modelling. So, we can make six individual models and we can estimate the General
Unrestricted Model with the use of econometric technique Least Absolute Shrinkage and
Selection Operator. Current study found that in case of nested model or full model it is
concluded that model with lag value of GDP, trade openness, population, real export, and
gross fixed capital formation are the main and potential determinants to boost up the economic
growth in most of the countries.
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Introduction

The traditional method assumes that there must be more observations than parameters in the
regression model. What if the number of observations is more than the number of parameters?
Then the old ways of doing things don't work. A shrinkage method is one way to solve the
problem. Most of the shrinkage method is based on mathematical programming techniques and
their tools. The shrinkage methods get rid of high-dimensional data for lower gains, which
makes it easy to get rid of irrelevant candidates. Least Absolute Shrinkage and Selection
Operator (LASSO), which was made by Tibshirani in 1996, was the first popular method of
this type. It can shrink some coefficients to zero.

Second, LASSO is a method for both estimating the model and choosing the variables at the
same time. LASSO can work when there are more variables than observations, and it gives the
sparse models (Zhao and Yu, 2006, Meinshausen and Yu, 2009). As Efron et al. (2004) and
Friedman et al. (2010) have shown, the LASSO's regularization path can be figured out quickly.
Tibshirani has a number of generalizations and different types of the LASSO procedure that
can be used to solve a number of problems (2011). Particular attention has been paid to Elastic
Net (E-Net) and Adaptive LASSO (adaLASSO).

Meinshausen (2006) compared the two shrinkage procedures of model selection LASSO and
RELAXED LASSO. A two-stage procedure, referred to as the relaxed Lasso, was found to be
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effective in overcoming the conflicting requirements of a proficient computational procedure
and fast convergence rates of the 2-loss. Relaxed Lasso solutions for orthogonal designs
provide a continuum of solutions that include both soft-and hard-thresholding of estimators. It
is possible to compute all relaxed Lasso solutions at the same time as computing all regular
Lasso solutions, and computing all relaxed Lasso solutions is often as expensive as computing
all regular Lasso solutions. It has been demonstrated in the study's numerical results that the
relaxed Lasso estimator produces lighter models with the same or lower prediction loss than
the regular Lasso estimator when dealing with high-dimensional data.

FU (1998) analyzed the different models such as Bridge, Ridge and Lasso. Researchers have
compared different criteria for model selection based on a compression approach. He
performed an empirical exercise and used the prostate cancer data. According to results, Bridge
regression performs better from ridge and LASSO.

In cross-sectional modeling, Epprecht et al. compare the LASSO and AdaLASSO estimate with
classical technique (Autometrics) in forecasting and covariate selection. The result indicates
that LASSO and AdalLASSO estimates outperform Autometrics in prediction.

Methodology

Model Selection Procedures based on shrinkage methodology

The model selection procedures that are consisted on Shrinkage approach are based on
mathematical programming techniques. These techniques remove high dimensionality of the
data and shrink irrelevant variable to zero. The Least Absolute Shrinkage and Selection
Operator (LASSO) is a popular estimation method in a linear regression framework, introduced
by Tibshirani (1996). LASSO method is like ridge regression; however, it set some coefficients
precisely equal to zero with a substantial bias. The resulting model is easy to interpret and
possesses the least forecast error. LASSO has ability to estimate the parameters and to select
the variable at a time. Before LASSO stepwise selection method is most widely used for
choosing the regressors in which only prediction accuracy is improved in certain cases mostly
prediction is worse. When there are more variables then observations LASSO has ability to
handle this. (H. Zou ,)

Computational Detail of Least Absolute shrinkage and selection operator
(LASSO)

It is a method of regression analysis that uses regularization to increase prediction accuracy
selection of variable and model interpretability. The most commonly used method before
LASSO was the selection of stepwise regression, which only improved the accuracy of the
prediction if only a few covariates were strongly related to the result. In some cases, a
prediction error may worsen. Ridge regression reduces fitting by reducing large coefficients of
regression, but does not perform covariate selection, and hence does not contribute to the
model's interpretability.

By forcing the absolute value of the regression coefficients to be less than a fixed value,
LASSO can achieve which goal by effectively choosing a simple model without these
coefficients. Although this concept is similar to ridge regression, the squares of the coefficients
are forced to sum up below a fixed value in ridge regression.

Where The LASSO coefﬁcients,éjL, minimize the quantity
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The LASSO, like ridge regression, reduces coefficient estimates to zero. However, Because of
the L1 penalty, some coefficient estimates are forced to be exactly zero when the tuning
parameter is large enough. Bias increases with. Variance rises as falls.

No parameters are removed when A = 0. The estimate is the same as linear regression.So, like
best subset selection, the LASSO selects variables. As a result, LASSO models are easier to
interpret than ridge regression models. There are several algorithms of LASSO such
as:Adaptive LASSO, Elastic Net Relaxed LASSO, etc. are all based on shrinkage

methodologies.

Theory Based Models for Economic Growth
Model 1 Akram, et al. (2011).

LnGDP =f ( FDI(inf) , T Debts, DI, Inf)
Model 2

Mihaela, et al. (2017).

LnGDP =f ( Inf, LnTLF, TOTP, FDI (inf ), GExp)
Model 3

Sami, et al. (2014).

LnGDP =f ( Edu, RExp, P(remi), FDI )
Model 4

Ajmair, et al. (2015).

LnGDP =f ( Inf, LnGCF , Rexp, P(remi)
Model 5

Al-Smadi, (2020).

LnGDP =f ( FDI,TOP, LG, DI, LnGCF, )
Model 6

. Udeaja, et al. (2015).

LnGDP =f ( DI, FDI, Edu, TOP)

The Econometric Model takes following form.

LnGDP =f (FDI, TOP, LG, DI, LnGCF, TDebts, INF, LnTLF, LnTOTP EDU, LnREXP
, LnGEXP , REMI )
LNGDP, = 3, + +p,FDI(inf), + S,TOP , B3LG; + B4DI; + BsLnGCF; + SsTDebtS,
+ B,Inf; + BgLnTLF; + BoLnTOTP; + B,oEdu; + S1;LnRExp
+ B12lnGExp  + P (remi) ¢ + py

Selecting Models for Economic Growth

In Table 1 the results of Absolute Shrinkage and Selection Operator (LASSO) are presented.
The results in Table 1 are based on the modeling of economic growth. In this model the
economic growth (LNGDP) is dependent variable and Gross fixed capital formation (LNGCF),
total Labor force (LNTLF), foreign direct investment (FDI) and independent variables are trade
openness (TOP), labor growth (LG), domestic interest (DI), total debts (TDebts), inflation
(INF), total population (LNTOTP), education expenditure (EDU), exports of goods and
services (LNREXP), personal remittances (REMI), and government expenditure (LNGEXP).
In this modeling, the FDI, LNGCF, and LNTLF are our focus variables while the LNGEXP,
REMI, LNREXP, EDU, LNTOTP, INF, TDebts, DI, LG, and TOP are the auxiliary variables.
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Results of LASSO Regression

Table below shows results of estimation using LASSO. The table provides regression
coefficients of the variables in the model. The last column gives root mean square errors for
each estimated model. The cells marked with (...) indicates the variables that were excluded
from the model by LASSO. Row 1 indicates that for Argentina, the focus variable FDI and
LNGC, and the next most common auxiliary variables are DI, INF and EDU found to be
insignificant were excluded by LASSO. Similarly for Austria Focus Variable FDI and other
auxiliary variables LG, TDebts, LNTOTP,EDU and REMI traced out be insignificant and
therefore dropped by estimation procedures. In the last row, the frequency of retention of each
variable is provided. The table shows that out of 43 countries, the variable LNEXP was
significant in 31 cases. The final results of Table 1 shows that the forecast RMSE of LASSO
modeling for growth of Argentina is lowest 0.01 while the forecast RMSE for United States
growth model is highest 3.57. So, according to the LASSO modeling based on forecast RMSE
the Argentina model forecast performance is best and United States model has worst ability to
forecast.

Insert Table 1 Here (Appendix-1)

Figure 1: Graph of the Retention Variables in LASSO for Growth Modeling
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The figure above shows the total significance of variables in LASSO modeling for all countries.
In focus variables the foreign direct investment (FDI) found significant 11 times out of 43
regressions. The gross fixed capital product (LNGCF) got significant 21 times out of 43
regressions. While the total labor force (LNTLF) 25 times found significant out of 43
regressions. It means in focus variables the LNTLF is highly significant in repeated modeling
and FDI got low significance.

In case of auxiliary variables, the export of goods and services (LNREXP) found highly
significant in modeling 30 times out of 43 regression and total debts (TDebts) got less
significance 15 times out of 43 regressions.
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Conclusion

The main goal of this study was to compare the performance of different 43 countries for the
same growth model to find the performance of potential determinants by using Least Absolute
Shrinkage and Selection Operator (LASSO). There are some points of agreement as well. The
variable LNREXP, LNGEXP, LNGCF, LNTLF, TOP. LNTOTP traced out to most of the time
significant determinants by applying the Shrinkage procedure LASSO. While the best country
based on least FRMSE shows that forecasted value of Argentina is lowest 0.01 while the
forecast RMSE for United States growth model is highest 3.57. So, according to the LASSO
modeling based on forecast RMSE the Argentina model forecast performance is best and
United States model has worst ability to forecast.
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Figure 2: Graph of Total Significance of Variables in LASSO for Growth Modeling
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