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Regression Analysis – Student Project

Top 20 prosperity ranking 2010
I was always interested in analyzing the Prosperity Index Table Rankings publicated independently by the Legatum Institute in the United Kingdon. However,I had to reduce the overwhelming volume of data, focussing only on the Top 20 nations considered most prosperous (this Index being calculated for a total of 110 countries). I was able to find all of the data I needed on the Legatum Institute’s website http://www.li.com. This website provided me with the necessary information to establish the rankings of the countries according to their overall abilities to foster the drivers of prosperity. 

However, I had to reduce the overwhelming volume of data, focussing only on the Top 20 nations considered most prosperous (this Index being calculated for a total of 110 countries). For each of the 20 countries, I looked upon Overall ranking, Economy, Entrepreneurship & Opportunity, Governance, Education, Health, Safety & Security, Personal Freedom, Social Capital. In order to carry out its own analysis, The Legatum Institute has developed a system of sub-indexes for each of the 8 chosen indicators of prosperity (I will not enter into further details regarding the calculation of those sub-indexes which could be the topic of another RA analysis projects!). 
Anecdotically, the initial idea was the search of the ¨happiest¨ country, but the Institute has opted for the more pragmatical notion of the most ¨prosperous¨ country.

In the next page you will find a table summarizing the data, but it can also be found in the attached Excel.

The 2010 Legatum Prosperity Index Table Rankings
	Overall Ranking
	Country
	Economy
	Entrepreneurship & Opportunity
	Governance
	Education
	Health
	Safety & Security
	Personal Freedom
	Social Capital
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      NORWAY


	1
	6
	12
	4
	4
	2
	2
	1

	2
	      DENMARK
	4
	1
	2
	5
	17
	6
	6
	2

	3
	      FINLAND
	9
	4
	7
	3
	10
	3
	12
	7

	4
	      AUSTRALIA
	8
	13
	8
	2
	15
	13
	4
	4

	5
	      NEW ZEALAND
	17
	14
	4
	1
	19
	7
	3
	3

	6
	      SWEDEN
	7
	2
	6
	10
	9
	8
	5
	11

	7
	      CANADA
	5
	10
	5
	12
	11
	16
	1
	8

	8
	      SWITZERLAND
	2
	11
	1
	29
	3
	12
	19
	6

	9
	      NETHERLANDS
	3
	12
	10
	13
	13
	18
	13
	5

	10
	      UNITED STATES
	14
	3
	3
	9
	1
	25
	9
	12

	11
	      IRELAND
	22
	7
	14
	15
	14
	4
	7
	10

	12
	      ICELAND
	38
	9
	17
	6
	2
	1
	8
	14

	13
	      UNITED KINGDOM
	18
	5
	9
	22
	20
	23
	15
	9

	14
	      AUSTRIA
	12
	16
	13
	17
	8
	15
	23
	15

	15
	      GERMANY
	13
	15
	15
	25
	6
	20
	14
	16

	16
	      BELGIUM
	16
	21
	16
	18
	12
	19
	10
	19

	17
	      SINGAPORE
	6
	8
	11
	30
	24
	5
	36
	54

	18
	      JAPAN
	11
	19
	20
	24
	5
	11
	42
	31

	19
	      FRANCE
	19
	20
	19
	14
	7
	27
	17
	42

	20
	      HONG KONG
	10
	17
	18
	53
	34
	14
	16
	24 

Final del formulario


The variable chosen for the response variable is the overall ranking:                     Y = overall ranking.

My explanatory variables are:

X1 = Economy

X2 = Entrepreneurship & Opportunity

X3 = Governance

X4 = Education

X5 = Health

X6 = Safety & Security
X7 = Personal Freedom
X8 = Social Capital
Multicollinearity
It is important to test the multicollinearity among the variables. Hence, I regressed Overall Ranking with respect to each of the explanatory variables individually (I used the Excel tool Regression Add-In for that). The results of this regression can be found on the Excel spreadsheet (tabs ¨Overall Rank regº on Economy¨, ¨Overall Rank regº on Entrepreneurship & Opportunity¨, ..., ¨Overall Rank regº on Social Capital¨). I also regressed each explanatory variable with respect to the other explanatory variables. I was aiming at determining the correlations between the response variable with the explanatory variables and the correlations between each explanatory variable with the other explanatory variables. The results of these correlations can be found in the Excel spreadsheet (tab ¨Correlation Test Results¨). I also summarized these results in the following table:
Correlation Test Results
	 
	Overall Ranking
	Economy
	Entrepreneurship & Opportunity
	Governance
	Education
	Health
	Safety & Security
	Personal Freedom
	Social Capital

	Overall Ranking
	1
	 
	 
	 
	 
	 
	 
	 
	 

	Economy
	0,36896
	1
	 
	 
	 
	 
	 
	 
	 

	Entrepreneurship & Opportunity
	0,64592
	0,16407
	1
	 
	 
	 
	 
	 
	 

	Governance
	0,73533
	0,45256
	0,64592
	1
	 
	 
	 
	 
	 

	Education
	0,73438
	0,10616
	0,3899
	0,39238
	1
	 
	 
	 
	 

	Health
	0,20668
	0,13777
	0,06339
	0,04436
	0,47006
	1
	 
	 
	 

	Safety & Security
	0,46057
	0,00174
	0,3928
	0,09978
	0,254008
	0,0619
	1
	 
	 

	Personal Freedom
	0,66166
	0,00635
	0,37034
	0,42257
	0,56362
	0,06667
	0,09405
	1
	 

	Social Capital
	0,78615
	0,147565
	0,41122
	0,56292
	0,51181
	0,20052
	0,18679
	0,73187
	1


The results above show that the explanatory variables having the highest correlations with the Overall Ranking are Social Capital (a very high 0,78615), followed by Governance (a high 0,73533) and Education (both at similar high levels of correlation: 0,73533 a 0,73438). The next level of correlation with Overall Ranking (to a lesser extent) comes from Personal Freedom and Entrepreneurship & Opportunity ( with 0,66166 and 0,64592).
Among the explanatory variables, it appears that Personal Freedom and Social Capital have the highest correlation (no less than 0,73187), followed by  Entrepreneurship & Opportunity and Governance (with 0,64592), Education and Personal Freedom (with 0,56362), Governance and Social Capital (with 0,56292). 
The observations we have just made will be used further in order to verify if these are coherent with the explanatory variables I will be eliminating during my analysis. 
Analysis

The purpose of this analysis is to, through regressions of Overall Ranking on the explanatory variables, determine which combination of explanatory variables should be retained to predict efficiently the overall ranking prosperity.
Regression nº1: All explanatory variables:
The regression equation is: 

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8.

This regression has been carried out in tab ¨Regression I¨ using the Add-In regression Excel tool. The following is a summary of the results:

	Regression Statistics

	Multiple R
	0,99268882

	Square R
	0,98543109

	Adjusted square R
	0,97483551

	Standard Error
	0,93848654

	Observations
	20


	 
	Coefficients
	Standard Error
	 t- Stat
	P- value

	Interception
	-2,35973171
	0,731805966
	-3,224531944
	0,00809356

	Economic
	0,20134614
	0,030932731
	6,50916145
	4,3726E-05

	Entrep.&Opp
	0,07638065
	0,052299288
	1,460452941
	0,17213109

	Governance
	0,16332591
	0,063760131
	2,561568056
	0,02644465

	Education
	0,18172061
	0,026988621
	6,733230682
	3,229E-05

	Health
	0,00453184
	0,03328568
	0,136149819
	0,89416258

	Safety&Sec.
	0,18871025
	0,032902156
	5,735498124
	0,00013114

	Pers.Freedom
	0,08063628
	0,034859004
	2,313212392
	0,04106579

	Social Capital
	0,11412263
	0,026821478
	4,254897281
	0,00135456


The regression equation becomes:

Y = -2,3597 + 0,20134X1 + 0,07638X2 + 0,16332X3 + 0,18172X4 + 0,00453X5 + 0,18871X6 + 0,08063X7 + 0,11412X8. 
The Adjusted square R is 0,9748, proving that the 8 variables are already accurately predicting the Overall ranking.
From the results above, we observe that Health has the lowest coefficient (0,00453). Furthermore, it has the highest P-value (0,89416) and the lowest t-Stat (0,13614) of all the secondary variables (the other P-values are all smaller than 5%) proving that this variable has the least influence on the overall ranking. We come then to the conclusion that we could try to remove Health from the explanatory variables. 
Regression nº2: All explanatory variables except Health:  
We will then regress Overall Ranking on all the other explanatory variables, except Health. 
Hence, the regression equation is: 

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β6X6 + β7X7 + β8X8.

This regression has been carried out in tab ¨Regression II¨ using the Add-In regression Excel tool. The following is a summary of the results:

	Regression Statistics

	Multiple R
	0,992676451

	Square R
	0,985406536

	Adjusted square R
	0,976893683

	Standard Error
	0,899289221

	Observations
	20


	 
	Coefficients
	Standard Error
	t- Statistic
	P- value

	Interception
	-2,301880901
	0,57092966
	-4,031811729
	0,00166377

	Economic
	0,201045567
	0,029565192
	6,800076482
	1,9027E-05

	Entrep.&Opp
	0,076940731
	0,04995966
	1,540057144
	0,14949096

	Governance
	0,161963634
	0,060340103
	2,684178958
	0,01988272

	Education
	0,183731435
	0,021645401
	8,488243589
	2,0397E-06

	Safety&Sec.
	0,187436188
	0,030225896
	6,201178953
	4,5784E-05

	Pers.Freedom
	0,078872507
	0,031010772
	2,543390627
	0,02577711

	Social Capital
	0,115122033
	0,024720002
	4,657039815
	0,0005537


The regression equation is then: 

Y = -2,3018 + 0,20104X1 + 0,07694X2 + 0,16196X3 + 0,18373X4 + 0,18743X6 + 0,07887X7 + 0,115122X8.

The Adjusted square R is now 0,97689 which proves that the elimination of Health has improved the prediction. Now, the lowest coefficient is the one relative to the variable Entrepreneurship & Opportunity. Also this variable has the highest P-value (14,9% while the others are all smaller than 3%) and the lowest t-Statistic of the remaining explanatory variables. It would be interesting to find out if the removal of the variable Entrepreneurship & Opportunity improves the prediction as well.
Regression nº3: All the explanatory variables except Health and Entrepreneurship & Opportunity:

Hence, the regression equation is: 

Y = α + β1X1 + β3X3 + β4X4 + β6X6 + β7X7 + β8X8.

This regression has been carried out in tab ¨Regression III¨ using the Add-In regression Excel tool. The following is a summary of the results:

	Estadísticas de la regresión

	Multiple R
	0,991222562

	Square R
	0,982522168

	Adjusted Square R
	0,974455476

	Standard Error
	0,945546588

	Observations
	20


	 
	Coefficients
	Standard Error
	  t- Statistic
	P- value

	Interception
	-2,241399595
	0,598875116
	-3,7426828
	0,00246152

	Economic
	0,194844897
	0,030796354
	6,326882031
	2,6301E-05

	Governance
	0,215177798
	0,052011559
	4,137114926
	0,00116904

	Education
	0,184534902
	0,022752179
	8,110647531
	1,9233E-06

	Safety&Sec.
	0,207203258
	0,02877292
	7,201328879
	6,9343E-06

	Pers.Freedom
	0,083911262
	0,032423913
	2,587943674
	0,02251501

	Social Capital
	0,111600178
	0,025880085
	4,312202917
	0,00084398


 The Adjusted Square R is now 0,97445 which is slightly lower than the one in the previous regression, indicating that the removal of Entrepreneurship & Opportunity has not improved the prediction, but considering the improvement in terms of degrees of freedom, I would tend to choose the model nº3. We note that the only explanatory variable having an insignificant P-value is Personal Freedom (with a P-value of 0,022) , the other P-values being significant. I will try to remove this variable then to see what happens.
Regression nº4: All the explanatory variables except Health, Entrepreneurship & Opportunity and Personal Freedom:

Hence, the regression equation is: 

Y = α + β1X1 + β3X3 + β4X4 + β6X6 + β8X8.

This regression has been carried out in tab ¨Regression IV¨ using the Add-In regression Excel tool. The following is a summary of the results:

	Regression 

	Multiple R
	0,98667005

	Square R
	0,97351779

	Adjusted square R
	0,96405985

	Standard Error
	1,1215637

	Observations
	20


	 
	Coefficients
	Standard Error
	 t-Statistic
	P- value

	Interception
	-1,77421676
	0,677316603
	-2,619479205
	0,02019645

	Economic
	0,17801114
	0,035705092
	4,9855954
	0,00019978

	Governance
	0,22547513
	0,061512914
	3,665492562
	0,00254549

	Education
	0,20067985
	0,025953264
	7,732354796
	2,0304E-06

	Safety&Sec.
	0,19750468
	0,033838381
	5,836706141
	4,3177E-05

	Social Capital
	0,15191522
	0,024513642
	6,197170736
	2,3252E-05


The Adjusted square R has once again decreased, in a more significant way this time : 0.964 (instead of 0.9744 for the previous model).  This means that, even though the decrease is still reasonable (in the Adjusted square R), the model corresponding to Regression nº3 is the more likely to be selected. And actually, for simple questions of logic, it is rather uncanny to imagine a happy country in which its citizen are deprived of personal freedom. 

By the way, the P-values remaining now are all significant: there are no further variables to be eliminated apparently. 
Before testing models I, II, III and IV, we ran the regressions of Overall Ranking on each of the explanatory variables individually.  The Adjusted square R obtained are summarized as follows:
Explanatory Variable

Adjusted square R
Economic



0,088

Entrepren&Opportunity

0,3848
Governance



0,5152
Education



0,5137
Health




-0,0104

Safety & Security


0,1683

Personal Freedom


0,4065

Social Capital


0,5968
The results above show that a predicting model based on one explanatory variable produces much smaller Adjusted square R than models II (0,97689) or III (0,9744).

CONCLUSION

Despite the fact that model III’s Adjusted square R is slightly smaller than that of model II, the improvement in degrees of freedom convinces me to select for model III after all. Hence, the best model (if we base our analysis on the Adjusted square Rs) is the one using Economic, Governance, Education, Safety & Security, Personal Freedom and Social Capital.
Also, we note that the Adjusted square R for models I, II, III (and even IV) are already very high (all above 0,96). This comes as no surprise as the Legatum Institute had already made a considerable effort of research through the years in order to identify the drivers of a country’s prosperity. 
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