Project：Regression Analysis
● Motivation

The gap between the poor and the rich is getting larger in modern society. Rich people may enjoy their life, spend money on whatever they want, and even earn more money by destroying the environment.  However, there are still many people lead a miserable life. They struggle only for a basic living standard.
Some scholars have warned that the-poor-and-the-rich problem will be one of the most serious issues in the future.

I would like, from the life expectancies, the children mortality rates, and the population growth rates of some countries, to set up a discriminate rule for telling the income levels among different countries, and moreover choose other countries as our test data to give a test for the performance of the rule.
● Data Resource

World Bank, 200x (http://devdata.worldbank.org/data-query/)

From the world development report 2000/2001 issued by World Bank, the countries are classified into four groups according to their income levels (GNI per capita, GNI: Gross Net Income).  The countries are classified into low-income countries (GNI $755 or less), lower-middle-income countries (GNI $756-2995), upper-middle-income countries (GNI $2996-9265), and high-income countries (GNI $9266 or more).  (Please refer to the Appendix I)

● Analysis Process

( Stage 1: Selection of variables

Intuitively, people of richer countries have longer life expectancies and lower mortality rates due to higher medical level and better public environments.  So I choose life expectancy and the children mortality rate (5 or under) as the discriminant variables.  Also, commonly, in richer countries, people tend to control birth, and so I take the population growth rate as the discriminant variable as well.

I chose 44 countries to obtain the discriminant rule, and I chose 22 extra 

countries to be our test data.  (Please refer to the Appendix II)

To see if the averages of these variables vary with different income levels, we first give a table to list their means in each item:

	Income Level
	Life Expectancy
	Mortality Rate, 5- (per 1000 live birth)
	Pop. Growth Rate

	1
	50.48
	118.1
	1.93

	2
	63.79
	57.2
	1.36

	3
	71.93
	24.4
	1.45

	4
	78.01
	6.1
	0.9


· Income level:  1: low,  2: lower middle,  3: upper middle,  4: high

From the table we observe that the differences among the means are significant besides the population growth rates of 2 and 3.  Thus, we decide to keep them all as our discriminant variables.
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From the plot of the four groups on each variable, we can see how these countries are scattered. As we can see, the three variables indeed help us tell the four kinds of countries apart.

(Stage 2: Assumptions test
We have to make sure that the groups follow a multivariate normal distribution so that the discriminant analysis is applicable.  Due to the difficulty of the job, we turn to do it in a rougher but simpler way.  Each group is tested alone, and some linear combinations of normalized data are also taken into test (Because of different measurement, normalization is required). The results are exhibited in p-values:

	
	Discriminant Variables

	Income Level
	X1
	X2
	X3

	1
	> 0.15
	> 0.15
	> 0.15

	2
	> 0.15
	> 0.15
	0.134

	3
	> 0.15
	0.07
	> 0.15

	4
	> 0.15
	> 0.15
	> 0.15


	
	Linear combinations of Discriminant Variables(Normalized)

	Income Level
	X1+X2
	X1+X3
	X2+X3
	X1+X2+X3

	1
	>0.15
	>0.15
	>0.15
	>0.15

	2
	>0.15
	>0.15
	0.035
	>0.15

	3
	>0.15
	>0.15
	>0.15
	>0.15

	4
	>0.15
	>0.15
	>0.15
	>0.15


＊1、X1：Life Expectancy, X2：Children Mortality Rate, X3：Population Growth Rate

  2、Kolmogorov-Smirnov test is applied.

  3、Significance level α=0.05

Although there is a very mild violation, it is not unreasonable to accept the normality assumption. And therefore we can proceed with our work.
Then we give the test of homogeneity:

H0: Σ1 =Σ2 =Σ3 =Σ4  vs.  H1: Reject H0

The output of the test:

Chi-Square    DF    p-value

57.422258     18     <.0001


Since the result is significant, we are going to employ the quadratic discriminant rule, and the within covariance matrices will be used in the discriminant function.

Stage 3: Classification

Our discriminant rule is now the posterior probability of membership in each group.
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The criterion is to classify the observations into the groups which posterior 

probability is the greatest among the four.

As mentioned before, we choose 44 countries to obtain the discriminant rule, and other 22 countries are chosen to be the test data.

We have the results:

	Summary of Misclassified Observations

          Obs    From A        into A       

           3         1           3 *        

           7         2           3*

9         2           1*        

         * Misclassified observation


	Number of Observations and Percent Classified into A

         From  A            1            2            3            4        Total

  1            4            0            1            0           5

              80.00         0.00        20.00         0.00      100.00

                2            1            3            1            0           5

              20.00        60.00        20.00         0.00      100.00

                3            0            0            4            0          4

              0.00         0.00       100.00         0.00       100.00

                4            0            0            0            8          8

              0.00         0.00         0.00        100.00       100.00

              Total          5            3            6            8          22

              22.73         13.64        27.27        36.36        100.00

              Priors         0.25         0.25         0.25         0.25


	Error Count Estimates for A

                           1           2           3           4         Total

Rate             0.2000     0.4000     0.0000     0.0000      0.1500
Priors            0.2500     0.2500     0.2500     0.2500


We see that one observation grouped 1 is classified into 3 (Vietnam), one observation grouped 2 is classified into 3 (Philippines), and one observation grouped 2 is classified into 1 (Swaziland). The rule works with an error rate = 0.15.

	
	Life Expectancy
	Mortality Rate, 5-
 (per 1000 live birth)
	Pop. Growth Rate

	
	Domestic
	Avg. of the 3rd group
	Domestic
	Avg. of the 3rd group
	Domestic
	Avg. of the 3rd group

	Vietnam (1)
	69.05
	71.93
	34.43
	24.41
	1.27
	1.45

	Philippines (2)
	69.27
	71.93
	40
	24.41
	2.18
	1.45

	Swaziland (2)
	45.44
	50.478
	142
	118.086
	2.17
	1.934


The plot of the countries to be tested on each variable:
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The above plot shows us how these countries are scattered. From which we can also point out those misclassified observations.

● Conclusion

By using the discriminant rule drawn from the 44 chosen countries, we obtain a correctly-classified percentage = 85% in test for the extra 22 countries. From the above table we know that the three misclassified countries are Vietnam, Philippines, and Swaziland. After comparison we find that the misclassification may be resulted from the similarity of the averages in some aspects.

Finally, if we have an extra data of a certain country, we may use the rule to tell which income level it belongs to.

	Appendix I: Original Data (Date: 200x)

	Country
	GNI
	Income level
	Life expectancy
	Mortality rate, 5-
	Pop. growth rate

	Cameroon
	590
	1
	50.04
	154
	2.14

	Benin
	390
	1
	52.99
	160
	2.59

	Chad
	200
	1
	48.44
	200
	2.84

	Congo, Rep.
	590
	1
	51.32
	108
	2.79

	Haiti
	500
	1
	52.72
	125
	2.15

	India
	450
	1
	62.8
	95
	1.6

	Kenya
	350
	1
	46.98
	120
	2.12

	Malawi
	170
	1
	38.8
	188
	2.07

	Mozambique
	210
	1
	42.41
	200
	2.13

	Nepal
	240
	1
	58.86
	95
	2.32

	Nigeria
	270
	1
	46.76
	184
	2.31

	Albania
	1220
	2
	73.99
	26
	0.97

	Algeria
	1580
	2
	70.48
	50
	1.47

	Bulgaria
	1590
	2
	71.55
	15.76
	-1.85

	Colombia
	2020
	2
	71.35
	24
	1.72

	Ecuador
	2280
	2
	69.65
	32
	1.83

	Egypt, Arab Rep.
	1490
	2
	67.82
	45
	1.86

	Guyana
	860
	2
	62.89
	74
	0.69

	Jamaica
	2820
	2
	75.34
	20
	0.66

	Bolivia
	950
	2
	63.06
	77
	2.11

	Honduras
	910
	2
	66.04
	38
	2.55

	Dominica
	3280
	3
	76.47
	15
	-0.09

	Chile
	4810
	3
	75.65
	11.98
	1.25

	Costa Rica
	3820
	3
	77.48
	12
	1.64

	Hungary
	4710
	3
	71.25
	10.7
	0.64

	Korea, Rep.
	9010
	3
	73.27
	6
	0.71

	Lebanon
	4000
	3
	70.4
	32
	1.3

	Malta
	9130
	3
	78.03
	7.58
	1.27

	Mexico
	5100
	3
	73.15
	30
	1.47

	Malaysia
	3380
	3
	72.54
	10.84
	2.26

	St. Lucia
	3950
	3
	71.65
	19
	1.15

	Australia
	20120
	4
	78.93
	6.52
	1.06

	Austria
	25230
	4
	78.23
	6.4
	0.27

	Belgium
	25070
	4
	78.15
	6.82
	0.33

	Canada
	21720
	4
	78.93
	7.22
	1.01

	France
	23990
	4
	78.86
	5.88
	0.5

	Japan
	35420
	4
	81.07
	4.5
	0.13

	Greece
	11730
	4
	77.91
	8.24
	0.29

	Ireland
	22870
	4
	76.33
	6.76
	1.18

	Italy
	20130
	4
	78.67
	6.94
	0.45

	Luxembourg
	41860
	4
	77.04
	6.1
	0.68

	Netherlands
	25260
	4
	77.87
	6.74
	0.75

	New Zealand
	14230
	4
	78.19
	6.82
	0.47

	Iceland
	30250
	4
	79.51
	6.46
	0.71


Appendix II：Test Data (Date: 200x)

	Country
	GNI
	Income level
	Life expectancy
	Mortality rate, 5-
	Pop. growth rate

	Pakistan
	450
	1
	62.96
	110
	2.41

	Uganda
	280
	1
	42.48
	127
	2.57

	Vietnam
	390
	1
	69.05
	34.43
	1.27

	Zambia
	310
	1
	37.97
	202
	1.9

	Zimbabwe
	470
	1
	39.93
	117
	1.52

	Peru
	2060
	2
	69.31
	40
	1.56

	Philippines
	1030
	2
	69.27
	40
	2.18

	Russian Federation
	1690
	2
	65.34
	21
	-0.55

	Swaziland
	1380
	2
	45.44
	142
	2.17

	Turkey
	2980
	2
	69.58
	43
	1.42

	Poland
	4230
	3
	73.28
	10.65
	-0.02

	Saudi Arabia
	8120
	3
	72.51
	29
	3.25

	Argentina
	7460
	3
	73.85
	20
	1.22

	Brazil
	3610
	3
	68.07
	38
	1.34

	Norway
	34530
	4
	78.6
	4.6
	0.49

	Portugal
	11190
	4
	75.65
	7.66
	0.16

	United Kingdom
	25200
	4
	77.33
	7.04
	0.14

	United States
	34370
	4
	77.07
	8.65
	1.09

	Singapore
	22780
	4
	77.95
	5.22
	2.77

	Spain
	14760
	4
	78.15
	6.16
	1.51

	Sweden
	27420
	4
	79.65
	3.9
	0.28

	Switzerland
	39650
	4
	79.7
	5.82
	0.71
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