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Key Statistics

Correlation – Correlation measures the strength of the linear association between two variables.  The formula for correlation (r) is:
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Computationally the Descriptor systems uses what is sometimes referred to as the sum of squares formula for r.
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Covariance – Covariance measures the extent to which pairs of points in two data series systematically vary around their respective means.  In other words, if the paired values of x and y tend to be both be above or below the mean at the same time, then there will be a high positive covariance.  If they tend to be on opposite sides of the mean then there will be a high negative covariance.
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Independence – Independence is a measure of the independent variation of each variable. It is calculated by regressing each variable on a constant and set of all other variables and then calculating the proportion unexplained (one minus r-squared).
Jarque-Bera – A statistic that measures the normality of an observed distribution. The J-B statistic is dependant on the values for Skewness and Kurtosis.  J-B probability is calculated from chi-square table, with 2 degrees of freedom. J-B is not available for qualitative data if not ordered and numbered.
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Kurtosis – A measure of the data's flatness or peakedness.  The Kurtosis of a “Normal” distribution is 3.  Kurtosis values greater than 3 indicate that the distribution is peaked relative to the normal (leptokurtic).  If the Kurtosis is less than three the distribution is flatter than the ideal normal curve (platykurtic).
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Mean – Arithmetic average, as a measure of concentration. It is sensitive to skewed data.
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Median – The middle value of ranked observations if the number of observations is odd or mean of two middle observations if the number of observations is even.  A measure of concentration that is insensitive to skewed data.
Minimum and Maximum – The smallest and largest observations of ranked observations.
Obs – Number of observations in a data series.
Skewness – A measure of the data's symmetry.  If a distribution is “Normal” skewness will equal 0 (zero).  A distribution with a significant positive skewness value has a long right tail.  In other words there are one or more extreme large values.
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Standard Deviation – A measure of how dispersed are the data.
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Standardized Value – Sometimes called a z-score, a standardized value is a measure of how many standard deviations an observed values sits above or below the mean.




[image: image9.wmf]x

s

x

x

z

-

=

 

Distribution Identification

The distribution of a data series is identified by a matrix with fifteen quadrants representing combinations of skewness and kurtosis. The central quadrant represents a normal distribution. The skewness and kurtosis of the selected data series are compared to matrix reference values to determine the closest match and a second closest fit.

An expert system is invoked to select an appropriate advisory test message based on the matrix matching outcome. The goal here is to provide practical advice toward analyst choice of descriptor ranges. For example, moderate skewness lends credence to quantiles over mean-oriented confidence intervals. Normality or high kurtosis without skewness favors reliance on confidence intervals. Extreme skewness requires asymmetric treatment of opposite tails while descriptor ranges of equal length are most appropriate for low kurtosis distributions, such as uniform.

The skewness and kurtosis of the series is compared with fifteen different reference sets to determine the first and second best matches. The comparison is based on a modified version of the J-B statistic   
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where n is the number of observations, Ski is the skewness of the series, Skref is the reference skewness value, Ki is the kurtosis of the series, and Kref is the reference kurtosis value. For a given series, the lowest value of MJB gives the closest match.

Guidance is provided based on the match in the following table.  The reference values and advisory text for each quadrant are listed below.  Reference values for skewness are 1.4, 0.7, 0, -0.7 and -1.4.  Reference values for kurtosis are 5, 3 and 1.5.  For example, the north-west corner of the matrix (exponential distribution) has reference skewness of 1.4 and reference kurtosis of 4.5.  The center quadrant of the matrix represents a normal distribution with reference skewness of 0 and reference kurtosis of 3.0.

	                    Positive             Skewness                  Negative



	High

  Kurtosis

Low
	A
	B
	C
	D
	E

	
	F
	G
	H
	I
	J

	
	K
	L
	M
	N
	O


A.   (1.4, 4.5)  This data series,  with an unusually high concentration of low values and a long right tail, matches the characteristics of an exponential distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

B.   (0.7, 4.5)  This data series,  with a high concentration of values below the mean, can be approximated by a leptokurtic beta distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

C.   (0.0, 4.5)  The distribution for this data series is reasonably symmetric with an unusually high concentration of values close to the mean.  You should consider mean-oriented confidence intervals in addition to quantile information when you assign descriptor ranges.

D.   (-0.7, 4.5)  This data series,  with a high concentration of values above the mean, can be approximated by a leptokurtic weibull distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

E.   (-1.4, 4.5)  This data series,  with an unusually high concentration of high values and a long left tail, is commonly referred to as an extreme value distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

F.   (1.4, 3.0)  This data series,  with a high concentration of low values and a long right tail, is best approximated by a beta distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

G.  (0.7, 3.0)  This data series,  with a somewhat skewed concentration of values below the mean, can be reasonably approximated by either a normal or a beta distribution.  You should consider quantile information in addition to mean-oriented confidence intervals when you assign descriptor ranges.

H.  (0.0, 3.0)  The familiar normal distribution matches the characteristics of this data series.  You should consider mean-oriented confidence intervals in addition to quantile information when you assign descriptor ranges.

I.   (-0.7, 3.0)  This data series,  with a somewhat skewed concentration of values above the mean, can be reasonably approximated by either a normal or a weibull distribution.  You should consider quantile information in addition to mean-oriented confidence intervals when you assign descriptor ranges.

J.  (-1.4, 3.0)  This data series,  with a high concentration of high values and a long left tail, is best approximated by a weibull distribution.  You should rely primarily on quantile information when you assign descriptor ranges.

K.  (1.4, 1.5)  This data series exhibits an evident imbalance toward low values.  You should consider quantile information when you assign descriptor ranges.

L.  (0.7, 1.5)  This data series,  with a modest imbalance toward low values, can be approximated by either a uniform or a beta distribution.  You should consider quantile information in addition to equal ranges when you assign descriptors.

M.  (0.0, 1.5)  Values appear to be randomly distributed throughout the entire range and symmetric around the mean.  The uniform distribution provides a useful approximation for this data series.  Equal ranges, confidence intervals, or quantiles are all equally valid approaches when you assign descriptor ranges.

N.  (-0.7, 1.5)  This data series,  with a modest imbalance toward high values, can be approximated by either a normal or a weibull distribution.  You should consider quantile information in addition to equal ranges when you assign descriptors.

O.  (-1.4, 1.5)  This data series exhibits an evident imbalance toward high values.  You should consider quantile information when you assign descriptor ranges.

Principal Component Analysis

Principal Component Analysis is used in the Descriptor Module to create a set of optimum and maximum weights for the data in each series in an index.  The main process is as follows:

1. Create a Correlation Matrix for the currently selected series.

2. Using standard linear algebra techniques find the diagonal matrix of eigenvalues (D) and the corresponding matrix of eigenvectors (U) for the correlation matrix such that:
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3. Find the matrix of component loadings (A) where

[image: image13.wmf]2

1

UD

A

=




4. Apply the weights

a. For Optimum Loadings the first column of the component loadings matrix is used the weight the standardized values of each element in the index.

b. For Maximum Loadings the largest weight for each series in the loadings matrix is used to weight the standardized value for each element in the series.

Critical Values for the Chi-Square Distribution

Generated using CHIINV from MS Excel

	Alpha

	DF
	0.1
	0.05
	0.025
	0.01

	1
	2.706
	3.841
	5.024
	6.635

	2
	4.605
	5.991
	7.378
	9.210

	3
	6.251
	7.815
	9.348
	11.345

	4
	7.779
	9.488
	11.143
	13.277

	5
	9.236
	11.070
	12.832
	15.086

	6
	10.645
	12.592
	14.449
	16.812

	7
	12.017
	14.067
	16.013
	18.475

	8
	13.362
	15.507
	17.535
	20.090

	9
	14.684
	16.919
	19.023
	21.666

	10
	15.987
	18.307
	20.483
	23.209

	11
	17.275
	19.675
	21.920
	24.725

	12
	18.549
	21.026
	23.337
	26.217

	13
	19.812
	22.362
	24.736
	27.688

	14
	21.064
	23.685
	26.119
	29.141

	15
	22.307
	24.996
	27.488
	30.578

	16
	23.542
	26.296
	28.845
	32.000

	17
	24.769
	27.587
	30.191
	33.409

	18
	25.989
	28.869
	31.526
	34.805

	19
	27.204
	30.144
	32.852
	36.191

	20
	28.412
	31.410
	34.170
	37.566

	21
	29.615
	32.671
	35.479
	38.932

	22
	30.813
	33.924
	36.781
	40.289

	23
	32.007
	35.172
	38.076
	41.638

	24
	33.196
	36.415
	39.364
	42.980

	25
	34.382
	37.652
	40.646
	44.314

	26
	35.563
	38.885
	41.923
	45.642

	27
	36.741
	40.113
	43.195
	46.963

	28
	37.916
	41.337
	44.461
	48.278

	29
	39.087
	42.557
	45.722
	49.588

	30
	40.256
	43.773
	46.979
	50.892

	60
	74.397
	79.082
	83.298
	88.379

	100
	118.498
	124.342
	129.561
	135.807

	1000
	1057.724
	1074.679
	1089.531
	1106.969


Critical Values for the Student’s t-Distribution

Generated using TINV from MS Excel

	Alpha – One Tail

	DF
	0.1
	0.05
	0.025
	0.01

	1
	6.314
	12.706
	25.452
	63.656

	2
	2.920
	4.303
	6.205
	9.925

	3
	2.353
	3.182
	4.177
	5.841

	4
	2.132
	2.776
	3.495
	4.604

	5
	2.015
	2.571
	3.163
	4.032

	6
	1.943
	2.447
	2.969
	3.707

	7
	1.895
	2.365
	2.841
	3.499

	8
	1.860
	2.306
	2.752
	3.355

	9
	1.833
	2.262
	2.685
	3.250

	10
	1.812
	2.228
	2.634
	3.169

	11
	1.796
	2.201
	2.593
	3.106

	12
	1.782
	2.179
	2.560
	3.055

	13
	1.771
	2.160
	2.533
	3.012

	14
	1.761
	2.145
	2.510
	2.977

	15
	1.753
	2.131
	2.490
	2.947

	16
	1.746
	2.120
	2.473
	2.921

	17
	1.740
	2.110
	2.458
	2.898

	18
	1.734
	2.101
	2.445
	2.878

	19
	1.729
	2.093
	2.433
	2.861

	20
	1.725
	2.086
	2.423
	2.845

	21
	1.721
	2.080
	2.414
	2.831

	22
	1.717
	2.074
	2.405
	2.819

	23
	1.714
	2.069
	2.398
	2.807

	24
	1.711
	2.064
	2.391
	2.797

	25
	1.708
	2.060
	2.385
	2.787

	26
	1.706
	2.056
	2.379
	2.779

	27
	1.703
	2.052
	2.373
	2.771

	28
	1.701
	2.048
	2.368
	2.763

	29
	1.699
	2.045
	2.364
	2.756

	30
	1.697
	2.042
	2.360
	2.750

	60
	1.671
	2.000
	2.299
	2.660

	100
	1.660
	1.984
	2.276
	2.626

	1000
	1.646
	1.962
	2.245
	2.581


Critical Values for the F-Distribution F(0.95)

	F-Distribution (0.95)

	DF
	DF Numerator

	Den.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	15
	20
	30
	60
	100

	1
	161.45
	199.50
	215.71
	224.58
	230.16
	233.99
	236.77
	238.88
	240.54
	241.88
	245.95
	248.02
	250.10
	252.20
	253.04

	2
	18.51
	19.00
	19.16
	19.25
	19.30
	19.33
	19.35
	19.37
	19.38
	19.40
	19.43
	19.45
	19.46
	19.48
	19.49

	3
	10.13
	9.55
	9.28
	9.12
	9.01
	8.94
	8.89
	8.85
	8.81
	8.79
	8.70
	8.66
	8.62
	8.57
	8.55

	4
	7.71
	6.94
	6.59
	6.39
	6.26
	6.16
	6.09
	6.04
	6.00
	5.96
	5.86
	5.80
	5.75
	5.69
	5.66

	5
	6.61
	5.79
	5.41
	5.19
	5.05
	4.95
	4.88
	4.82
	4.77
	4.74
	4.62
	4.56
	4.50
	4.43
	4.41

	6
	5.99
	5.14
	4.76
	4.53
	4.39
	4.28
	4.21
	4.15
	4.10
	4.06
	3.94
	3.87
	3.81
	3.74
	3.71

	7
	5.59
	4.74
	4.35
	4.12
	3.97
	3.87
	3.79
	3.73
	3.68
	3.64
	3.51
	3.44
	3.38
	3.30
	3.27

	8
	5.32
	4.46
	4.07
	3.84
	3.69
	3.58
	3.50
	3.44
	3.39
	3.35
	3.22
	3.15
	3.08
	3.01
	2.97

	9
	5.12
	4.26
	3.86
	3.63
	3.48
	3.37
	3.29
	3.23
	3.18
	3.14
	3.01
	2.94
	2.86
	2.79
	2.76

	10
	4.96
	4.10
	3.71
	3.48
	3.33
	3.22
	3.14
	3.07
	3.02
	2.98
	2.85
	2.77
	2.70
	2.62
	2.59

	11
	4.84
	3.98
	3.59
	3.36
	3.20
	3.09
	3.01
	2.95
	2.90
	2.85
	2.72
	2.65
	2.57
	2.49
	2.46

	12
	4.75
	3.89
	3.49
	3.26
	3.11
	3.00
	2.91
	2.85
	2.80
	2.75
	2.62
	2.54
	2.47
	2.38
	2.35

	13
	4.67
	3.81
	3.41
	3.18
	3.03
	2.92
	2.83
	2.77
	2.71
	2.67
	2.53
	2.46
	2.38
	2.30
	2.26

	14
	4.60
	3.74
	3.34
	3.11
	2.96
	2.85
	2.76
	2.70
	2.65
	2.60
	2.46
	2.39
	2.31
	2.22
	2.19

	15
	4.54
	3.68
	3.29
	3.06
	2.90
	2.79
	2.71
	2.64
	2.59
	2.54
	2.40
	2.33
	2.25
	2.16
	2.12

	16
	4.49
	3.63
	3.24
	3.01
	2.85
	2.74
	2.66
	2.59
	2.54
	2.49
	2.35
	2.28
	2.19
	2.11
	2.07

	17
	4.45
	3.59
	3.20
	2.96
	2.81
	2.70
	2.61
	2.55
	2.49
	2.45
	2.31
	2.23
	2.15
	2.06
	2.02

	18
	4.41
	3.55
	3.16
	2.93
	2.77
	2.66
	2.58
	2.51
	2.46
	2.41
	2.27
	2.19
	2.11
	2.02
	1.98

	19
	4.38
	3.52
	3.13
	2.90
	2.74
	2.63
	2.54
	2.48
	2.42
	2.38
	2.23
	2.16
	2.07
	1.98
	1.94

	20
	4.35
	3.49
	3.10
	2.87
	2.71
	2.60
	2.51
	2.45
	2.39
	2.35
	2.20
	2.12
	2.04
	1.95
	1.91

	21
	4.32
	3.47
	3.07
	2.84
	2.68
	2.57
	2.49
	2.42
	2.37
	2.32
	2.18
	2.10
	2.01
	1.92
	1.88

	22
	4.30
	3.44
	3.05
	2.82
	2.66
	2.55
	2.46
	2.40
	2.34
	2.30
	2.15
	2.07
	1.98
	1.89
	1.85

	23
	4.28
	3.42
	3.03
	2.80
	2.64
	2.53
	2.44
	2.37
	2.32
	2.27
	2.13
	2.05
	1.96
	1.86
	1.82

	24
	4.26
	3.40
	3.01
	2.78
	2.62
	2.51
	2.42
	2.36
	2.30
	2.25
	2.11
	2.03
	1.94
	1.84
	1.80

	25
	4.24
	3.39
	2.99
	2.76
	2.60
	2.49
	2.40
	2.34
	2.28
	2.24
	2.09
	2.01
	1.92
	1.82
	1.78

	26
	4.23
	3.37
	2.98
	2.74
	2.59
	2.47
	2.39
	2.32
	2.27
	2.22
	2.07
	1.99
	1.90
	1.80
	1.76

	27
	4.21
	3.35
	2.96
	2.73
	2.57
	2.46
	2.37
	2.31
	2.25
	2.20
	2.06
	1.97
	1.88
	1.79
	1.74

	28
	4.20
	3.34
	2.95
	2.71
	2.56
	2.45
	2.36
	2.29
	2.24
	2.19
	2.04
	1.96
	1.87
	1.77
	1.73

	29
	4.18
	3.33
	2.93
	2.70
	2.55
	2.43
	2.35
	2.28
	2.22
	2.18
	2.03
	1.94
	1.85
	1.75
	1.71

	30
	4.17
	3.32
	2.92
	2.69
	2.53
	2.42
	2.33
	2.27
	2.21
	2.16
	2.01
	1.93
	1.84
	1.74
	1.70

	60
	4.00
	3.15
	2.76
	2.53
	2.37
	2.25
	2.17
	2.10
	2.04
	1.99
	1.84
	1.75
	1.65
	1.53
	1.48

	100
	3.94
	3.09
	2.70
	2.46
	2.31
	2.19
	2.10
	2.03
	1.97
	1.93
	1.77
	1.68
	1.57
	1.45
	1.39

	1000
	3.85
	3.00
	2.61
	2.38
	2.22
	2.11
	2.02
	1.95
	1.89
	1.84
	1.68
	1.58
	1.47
	1.33
	1.26
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