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ABSTRACT
The economic development level of a country refers to the measure of the
progress in an economy that could be measured, especially through GDP or GDP
per capita. The level of these indicators can be inßuenced by many factors as a large
scale, from social and economical to environmental and government policies factors.
The paper aims to investigate some of these inßuence factors of the economic development level, represented in this case by GDP per capita, across European
countries in the context of the most recently crisis, named the Great Recession (2008)
and after, when the economies are starting to recover (2013).
Using linear regression in R (lm function), the goal is to explain the relationship between the interest variable (GDP per capita) and certain independent variables.
It is expected that even tough the estimators are to be different – as level – in both
cases studied, the relationship type between them to be the same. The goodness of Þt
for the models used will be made based on ANOVA.
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INTRODUCTION
GDP per capita is a measure of a country’s economic development
level that can be inßuenced by a multitude of factors. The main purpose of this
paper is to discover through statistical tools available in R potential factors that
inßuence it by analysing data from 31 European countries, in two different
moments in time (2008 – the debut year of the most recent Þnancial crisis and
2013 – the year considered the one where economies are starting to give signs
of recovery). Several potential factors were considered from the range of socioeconomic indicators, with the best Þtted model being chosen for analysis.
The Multiple Linear Regression is used for modelling the relationship
between a dependent variable and two or more independent variables. It uses
the Least Squares Method for estimating the parameters for each independent
variable.
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METHODS
Linear Regression is a method used for modelling the relationship
between a dependent variable and one or more independent (explanatory)
variables.
In this research study Multiple Linear Regression models were applied
to observe the inßuence of certain socio-economic factors on the economic
development level. The goal is to explain the relationship between the interest
variable (in this case GDP per capita was chosen as a measure to represent the
economic development level of a country) and certain independent variables.
Several independent variables were chosen (a total of 11) for testing. The best
Þtted model contains three of these variables.
In theory, the model takes the following form, given n observations:

ݕ ൌ ߚ  ߚଵ ݔଵ  ߚଶ ݔଶ   ڮ ߚ ݔ  ߝ ǡ ݅ ൌ ͳǡ ʹǡ ǥ ǡ ݊,

with the estimated equation having the following form:

ݕො ൌ ܾ  ܾଵ ݔଵ  ܾଶ ݔଶ   ڮ ܾ ݔ ǡ ݅ ൌ ͳǡ ʹǡ ǥ ǡ ݊

The b0 parameter, also called intercept, shows the value of the
dependent variable considering the independent variables as null. It is more
useful in calculation since it does not have a deÞnite signiÞcance.
The rest of bi parameters show how the dependent variable (y)
modiÞes when an independent variable (xi) changes with one unit, when all
other variables remain constant. The sign of the parameters shows the type
of relationship between the dependent and independent variables; when the
parameter is below 0 they are related in a negative linear sense, when the sign
is positive there is a positive linear sense.
The conÞdence interval gives an estimated range of values for the
estimated parameters, with a selected probability.

DATA SOURCE AND SOFTWARE USED
Data from the Eurostat database (http://ec.europa.eu/eurostat/data/
database) was used in this research. As such, the comparability between
countries is insured by the application of common deÞnitions. The data refers
to 31 European countries (Belgium, Bulgaria, Czech Republic, Denmark,
Germany, Estonia, Ireland, Greece, Spain, France, Croatia, Italy, Cyprus,
Latvia, Lithuania, Luxembourg, Hungary, Malta, Netherlands, Austria, Poland,
Portugal, Romania, Slovenia, Slovakia, Finland, Sweden, United Kingdom,
Iceland, Norway, Switzerland) in the reference years 2008, respectively
2013.
4

Romanian Statistical Review nr. 2 / 2016

To compute the multiple linear regression model the lm function in R
was used. The goodness of Þt of the model was established using the anova
function in R, and the conÞdence interval for the estimators was established
using the confint function in R.

VARIABLES OF THE MODEL
The dependent variable representing the level of economic development
is GDP per capita. The proposed independent variables for the model were (a
total of eleven): the unemployment rate, the NEET rates (for the age groups 15
– 29 and 15 – 24 years of age), share of the working age population with upper
secondary and post-secondary non-tertiary education (levels 3 and 4 ISCED),
share of the working age population with tertiary education (levels 5-8
ISCED), share of GDP allocated to research and development (R&D), R&D
expenditure per capita, life expectancy at birth, public health expenditure, the
fertility rate and the rate of people at risk of poverty.
After testing various models with different combinations of independent
variables, the best Þtted model found has the following explanatory variables:
the unemployment rate, the share of the working age population with tertiary
education (levels 5-8 ISCED) and life expectancy at birth.
The Þnal variables used are explained using the deÞnitions from the
metadata available on Eurostat in the rows below.
Dependent variable - GDP per capita:

xGDP - Gross domestic product (gpd_cap): GDP at market prices
is the Þnal result of the production activity of resident producer
units. Data is transmitted in accordance with the European System
of Accounts - ESA 2010. Population - a key auxiliary indicator is used to derive GDP per capita, which is used as an indicator of
economic welfare or material well-being.
Independent variables:
1. Unemployment rate (unempl_rate): Unemployment rates represent
unemployed persons (persons aged 15-74 who were without work
during the reference week, were currently available for work and were
either actively seeking work in the past four weeks or had already found
a job to start within the next three months) as a percentage of the active
population (economically active population (labor force) comprises
employed and unemployed persons). The estimates for the main labor
market characteristics are provided from The European Union Labor
Force Survey (EU-LFS). For this study, the unemployment rate of the
working age population (15-64 years of age) was chosen.
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2. Share of the working age population with tertiary education
(levels 5-8 ISCED) (sh_tert): The educational attainment level
of an individual is the highest ISCED (International Standard
ClassiÞcation of Education) level successfully completed .The
tertiary education this covers ISCED 2011 levels 5, 6, 7 and 8 (shortcycle tertiary education, bachelor’s or equivalent level, master’s or
equivalent level, doctoral or equivalent level, online code ED5-8
‘tertiary education’). For this study, the share of the working age
population (15-64 years of age) with tertiary education was chosen.
3. Life expectancy at birth (life_ex): Life expectancy at certain ages
represents the mean number of years still to be lived by a person who
has reached a certain exact age, if subjected throughout the rest of his
or her life to the current mortality conditions (age-speciÞc probabilities
of dying). For this study, the life expectancy at birth was chosen.
The relationship between GPD per capita and the independent variables
can be observed in Figure 1 below. GDP per capita and the unemployment rate
seem to be related in a negative linear sense, the higher the unemployment rate a
decrease in GDP per capita is observed. Between GDP per capita and the share
of the working age population with tertiary education appears to be a relationship
with a positive linear sense, the same which applies to the GDP per capita and life
expectancy at birth. When the share of the working age population with tertiary
education or, respectively, life expectancy, increases, the GDP per capita takes
higher values.

6
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The relationship between GDP per capita vs. the independent variables,
in 2008 and 2013
Figure 1

Source data: Eurostat

ANALISYS
The multiple regression equation of the best Þtted model takes the
following form:
̴݃݀ܽܿ ൌ ߚ  ߚଵ ݁ݐܽݎ̴݈݉݁݊ݑ כ  ߚଶ ݐݎ݁ݐ̴݄ݏ כ  ߚଷ ݔ̴݂݈݁݁݅ כ  ߝ
The estimated equation can be written as follows:

 ప ൌ ܾ  ܾଵ ݁ݐܽݎ̴݈݉݁݊ݑ כ  ܾଶ ݐݎ݁ݐ̴݄ݏ כ  ܾଷ ݔ̴݂݈݁݁݅ כ
̴݃݀ܽܿ

Two equations were computed initially, one for each year of interest.
The full output obtained in R can be found in the Annex – Model 1 (2008),
Model 2 (2013). In Table 1 the coefÞcient estimates can be found, along with
their standard errors and the conÞdence intervals. The estimated equations are:
Model 1 (2008):
 ൌ െͳͻͶͲͷǤͳ െ ͳͻͳǤͻ ݁ݐܽݎ̴݉݁݊ݑ כ  ʹʹǤͳ ݐݎ݁ݐ̴݄ݏ כ  ʹͺͲǤͺ ݔ̴݂݈݁݁݅ כ (1)
̴݃݀ܽܿ
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Model 2 (2013):

 ൌ െʹͶͶͷͳͳǤ െ ͳͶͶǤʹ ݁ݐܽݎ̴݉݁݊ݑ כ  ͳͲͲͳǤͶ ݐݎ݁ݐ̴݄ݏ כ  ͵ʹͺ͵Ǥʹ ݔ̴݂݈݁݁݅ כ
̴݃݀ܽܿ
(2)

The multiple R- squared takes the value of 0.6259 for the 2008 model
and 0.6935 in 2013, which suggests that over 60% of the variation is explained
by the independent variables. The p-value in both cases suggests that the model
is valid from a statistical point of view.
CoefÞcient estimates for Model 1 (2008) and Model 2 (2013)
Table 1
Variables / Year
2008
Intercept
2013
2008
Unemployment rate
2013
2008
Share of tertiary
2013
2008
Life expectancy
2013

Coeff. /
Std. error
-197405.1
(53977.5)
-244511.7
(61956.4)
-1917.9
(1045.1)
-1447.2
(374.4)
722.1
(331.1)
1001.4
(321.6)
2807.8
(689.1)
3283.2
(805.5)

ConÞdence interval
Lower

Upper

-308157.83119

-86652.4392

-371635.7936

-117387.5940

-4062.40158

226.5135

-2215.4376

-679.0198

42.75333

1401.3967

341.6494

1661.1880

1393.87693

4221.6541

1630.4356

4935.9367

Source data: Eurostat

CoefÞcients interpretation – Model 1 (2008):
For the year 2008, the coefÞcients estimates are b0 = -197405.1
(intercept), b1 = -1917.9 (unemployment rate), b2 = 722.1 (share of tertiary)
and b3 = 2807.8 (life expectancy). The p-value for the estimates suggests that
all the estimates can be distinguished from 0, for the intercept, share of tertiary
and life expectancy with a 95% of higher level of conÞdence, and for the
unemployment rate with a 90% level of conÞdence.

xb1 = -1917.9
As the unemployment rate increases with a percentage point, the
GDP per capita decreases with 1917.9 Euro, when all other variables remain
constant. The 95% conÞdence interval for the estimate ranges from -4062.4 to
226.51 Euro.

xb2 = 722.1

8
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As the share of the working age population with tertiary education
increases with a percentage point, the GDP per capita increases with 722.1
Euro, when all other variables remain constant. The 95% conÞdence interval
for the estimate ranges from 42.75 to 1401.39 Euro.

xb3 = 2807.8
As the life expectancy at birth increases with one year, the GDP per
capita increases with 2807.8 Euro, when all other variables remain constant. The
95% conÞdence interval for the estimate ranges from 1393.87 to 4221.65 Euro.
CoefÞcients interpretation – Model 2 (2013):
For the year 2013, the coefÞcients estimates are b0 = -244511.7
(intercept), b1 = -1447.2 (unemployment rate), b2 = 1001.4 (share of tertiary)
and b3 = 2383.2 (life expectancy). The p-value for the estimates suggests that
all the estimates can be distinguished from 0 with a 99% of higher level of
conÞdence.

xb1 = -1447.2
As the unemployment rate increases with a percentage point, the
GDP per capita decreases with 1447.2 Euro, when all other variables remain
constant. The 95% conÞdence interval for the estimate ranges from -2215.43
to -679.01 Euro.

xb2 = 1001.4
As the share of the working age population with tertiary education
increases with a percentage point, the GDP per capita increases with 1001.4
Euro, when all other variables remain constant. The 95% conÞdence interval
for the estimate ranges from 341.64 to 1661.18 Euro.

xb3 = 2383.2
As the life expectancy at birth increases with one year, the GDP per
capita increases with 2383.2 Euro, when all other variables remain constant.
The 95% conÞdence interval for the estimate ranges from 1630.13 to 4935.935
Euro.
Taking account of outliers
Because Luxembourg’s GDP per capita is almost three times higher
than the mean of the GDP per capita of the European countries selected, it is
considered an outlier. Given the fact that outliers can negatively impact the
results, another two models were computed after the elimination of the outlier.
The new estimated equations are:
Model 3 (2008):
 ൌ െͳͺͳͲǤ െ ͳͻͲǤͺ ݁ݐܽݎ̴݉݁݊ݑ כ  ͵Ǥ ݐݎ݁ݐ̴݄ݏ כ  ʹͷʹ͵Ǥͷ ݔ̴݂݈݁݁݅ כ (3)
̴݃݀ܽܿ
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Model 4 (2013):
 ൌ െʹ͵ͳͲͷͲǤͺ െ ͳʹͻͶǤ ݁ݐܽݎ̴݉݁݊ݑ כ  ͺͳʹǤͺ ݐݎ݁ݐ̴݄ݏ כ  ͵ͳͶͳǤͲ ݔ̴݂݈݁݁݅  כ
̴݃݀ܽܿ

(4)

The full output obtained in R can be found in the Annex – Model 3
(2008), Model 4 (2013). In Table 2 the coefÞcient estimates can be found,
along with their conÞdence intervals.
CoefÞcient estimates for Model 3 (2008) and Model 4 (2013)
Table 2
Variables / Year
2008
Intercept
2013
2008
Unemployment rate
2013
2008
Share of tertiary
2013
2008
Life expectancy
2013

Coeff. /
Std. error
-178170.6
(38001.3)
-231050.8
(50556.4)
-1690.8
(733.8)
-1294.6
(307.4)
736.7
(232.1)
812.8
(266.3)
2523.5
(485.9)
3141.0
(656.8)

ConÞdence interval
Lower
Upper
-256283.3340

-100057.7691

-334970.9131

-127130.6638

-3199.0499

-182.5346

-1926.3737

-662.8098

259.6531

1213.7082

265.3323

1360.2085

1524.8130

3522.2138

1791.0197

4490.9592

Source data: Eurostat

The multiple R- squared takes the value of 0.7495 for the 2008
model and 0.7276 in 2013, which suggests that over 70% of the variation is
explained by the independent variables, an increase from the original models.
The p-value in both cases suggests that the model is valid from a statistical
point of view.
For the 2008 model (Model 3), the coefÞcients estimates are b0 =
-178170.6 (intercept), b1 = -1690.8 (unemployment rate), b2 = 736.7 (share
of tertiary) and b3 = 2523.5 (life expectancy). The p-value for the estimates
suggests that all the estimates can be distinguished from 0 with a 95% or
higher level of conÞdence. An increase in the level of signiÞcance for the
variables can be observed, most notably in the case of the unemployment rate
and the share of tertiary.
For the 2013 model (Model 4), the coefÞcients estimates are b0 =
-231050.8 (intercept), b1 = -1294.6 (unemployment rate), b2 = 812.8 (share
of tertiary) and b3 = 3141.0 (life expectancy). The p-value for the estimates
10
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suggests that all the estimates can be distinguished from 0 with a 99% or
higher level of conÞdence, but in this case there are no notable differences
from the previous model tested.
As level, the coefÞcients estimates are different in the years studied,
but as expected, the relationship type between the dependent and independent
variables remains the same. It is expected for the values of the estimates to be
different; the data analyzed in the two cases is Þve years apart and in different
socio-economic conditions – 2008 is the debut year of the most recent Þnancial
crisis, named the Great Recession; 2013 is considered to be the year when
most of the countries economies are starting to recover, which was the reason
behind it being chosen. The values of the estimates have changed in the two
years studied as expected. The unemployment rate appears to have a slightly
higher negative impact in 2008 on GDP per capita, which is to be expected; the
life expectancy at birth increased in 2013 from 2008, and that has a somewhat
higher positive impact, whereas the inßuence of the share of tertiary doesn’t
appear to inßuence the GDP level very much.

CONCLUSIONS AND RECOMMENDATION
From the eleven proposed independent variables only three were
contained in the best Þtted model. Thus was discovered that the unemployment
rate, the share of the working age population and life expectancy at birth all
inßuence the economic development level of a country.
As expected, in both years studied the relationship type between the
dependent and independent variables remains the same; the increase of the
unemployment rate has a negative impact on the economic development level,
while the increase in the share of tertiary education and life expectancy has a
positive effect.
As level, the coefÞcients estimates are different in the years studied,
the data analyzed in the two cases is Þve years apart and in different socioeconomic conditions; the unemployment rate appears to have a higher negative
impact in 2008.
The present study takes into account just a few of the possible factors
of inßuence of the economic development level, but many more factors are
involved, from social and economical to environmental and government
policies. The papers could serve as a starting point for future research that
includes new variables from more than just the socio-economic sphere.
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ANNEX
Model 1 (2008):
> liniar_model1 <- lm(y ~ x1+x5+x8, data=date_08)
> summary(liniar_model1)
Call:
lm(formula = y ~ x1 + x5 + x8, data = date_08)
Residuals:
Min
1Q Median
-20097 -5037
-636

3Q
3062

Max
40487

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -197405.1
53977.5 -3.657 0.001088 **
x1
-1917.9
1045.1 -1.835 0.077531 .
x5
722.1
331.1
2.181 0.038071 *
x8
2807.8
689.1
4.075 0.000363 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 11020 on 27 degrees of freedom
Multiple R-squared: 0.6259, Adjusted R-squared: 0.5844
F-statistic: 15.06 on 3 and 27 DF, p-value: 5.905e-06
> liniar_model2 <- lm(y ~ x1+x5+x8, data=date_13)
> summary(liniar_model2)
> anova(liniar_model1)
Analysis of Variance Table
Response: y
Df
x1
1
x5
1
x8
1
Residuals 27
---

12

Sum Sq
Mean Sq F value
Pr(>F)
1890903989 1890903989 15.566 0.0005112 ***
1580393166 1580393166 13.010 0.0012395 **
2016789481 2016789481 16.602 0.0003632 ***
3279820460 121474832
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Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
> confint(liniar_model1)
2.5 %
97.5 %
(Intercept) -308157.83119 -86652.4392
x1
-4062.40158
226.5135
x5
42.75333
1401.3967
x8

1393.87693

4221.6541

Model 2 (2013):
Call:
lm(formula = y ~ x1 + x5 + x8, data = date_13)
Residuals:
Min
1Q Median
-17501 -5974
552

3Q
4061

Max
34207

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -244511.7
61956.4 -3.947 0.000510 ***
x1
-1447.2
374.4 -3.865 0.000631 ***
x5
1001.4
321.6
3.114 0.004333 **
x8
3283.2
805.5
4.076 0.000362 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 11550 on 27 degrees of freedom
Multiple R-squared: 0.6935, Adjusted R-squared: 0.6594
F-statistic: 20.36 on 3 and 27 DF, p-value: 4.199e-07
> anova(liniar_model2)
Analysis of Variance Table
Response: y
Df
Sum Sq
Mean Sq F value
Pr(>F)
x1
1 2699351580 2699351580 20.220 0.0001177 ***
x5
1 3238490205 3238490205 24.259 3.723e-05 ***
x8
1 2217855769 2217855769 16.613 0.0003619 ***
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Residuals 27 3604439220 133497749
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
> confint(liniar_model2)
2.5 %
97.5 %
(Intercept) -371635.7936 -117387.5940
x1
-2215.4376
-679.0198
x5
341.6494
1661.1880
x8

1630.4356

4935.9367

Model 3 (2008 – after outlier elimination):
> liniar_model3 <- lm(y ~ x1+x5+x8, data=date_08_fo)
> summary(liniar_model3)
Call:
lm(formula = y ~ x1 + x5 + x8, data = date_08_fo)
Residuals:
Min
1Q
-17736.7 -3769.3

Median
-209.9

3Q
3904.4

Max
22819.0

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -178170.6
38001.3 -4.689 7.65e-05 ***
x1
-1690.8
733.8 -2.304 0.02945 *
x5
736.7
232.1
3.174 0.00384 **
x8
2523.5
485.9
5.194 2.02e-05 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 7725 on 26 degrees of freedom
Multiple R-squared: 0.7495, Adjusted R-squared: 0.7206
F-statistic: 25.93 on 3 and 26 DF, p-value: 5.606e-08
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> anova(liniar_model3)
Analysis of Variance Table
Response: y
Df
Sum Sq
Mean Sq F value
Pr(>F)
x1
1 1535780048 1535780048 25.735 2.772e-05
x5
1 1496692275 1496692275 25.080 3.290e-05
x8
1 1609854689 1609854689 26.977 2.016e-05
Residuals 26 1551571656
59675833
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’
> confint(liniar_model3)
2.5 %
97.5 %
(Intercept) -256283.3340 -100057.7691
x1
-3199.0499
-182.5346
x5
259.6531
1213.7082
x8

1524.8130

***
***
***
0.1 ‘ ’ 1

3522.2138

Model 4 (2013 – after outlier elimination):
> liniar_model4 <- lm(y ~ x1+x5+x8, data=date_13_fo)
> summary(liniar_model4)
Call:
lm(formula = y ~ x1 + x5 + x8, data = date_13_fo)
Residuals:
Min
1Q
-15010.0 -5680.6

Median
465.9

3Q
3746.0

Max
28252.2

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -231050.8
50556.4 -4.570 0.000105 ***
x1
-1294.6
307.4 -4.212 0.000268 ***
x5
812.8
266.3
3.052 0.005188 **
x8
3141.0
656.8
4.783 5.97e-05 ***

Romanian Statistical Review nr. 2 / 2016

15

--Signif. codes:

0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 9405 on 26 degrees of freedom
Multiple R-squared: 0.7276, Adjusted R-squared: 0.6962
F-statistic: 23.15 on 3 and 26 DF, p-value: 1.645e-07

> anova(liniar_model4)
Analysis of Variance Table
Response: y
Df
Sum Sq
x1
1 1899672971
x5
1 2220222154
x8
1 2023449200
Residuals 26 2300029341
--Signif. codes: 0 ‘***’

Mean Sq F value
Pr(>F)
1899672971 21.474 8.832e-05 ***
2220222154 25.098 3.275e-05 ***
2023449200 22.873 5.965e-05 ***
88462667
0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

> confint(liniar_model4)
2.5 %
97.5 %
(Intercept) -334970.9131 -127130.6638
x1
-1926.3737
-662.8098
x5
265.3323
1360.2085
x8
1791.0197
4490.9592
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