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Notice

The United States Environmental Protection Agency (EPA) through its Office of
Research and Development (ORD) funded and managed the research described here. It
has been peer reviewed by the EPA and approved for publication. Mention of trade
names and commercial products does not constitute endorsement or recommendation by
the EPA for use.

The Scout 2008 software was developed by Lockheed-Martin under a contract with the
USEPA. Use of any portion of Scout 2008 that does not comply with the Scout 2008
User Guide is not recommended.

Scout 2008 contains embedded licensed software. Any modification of the Scout 2008

source code may violate the embedded licensed software agreements and is expressly
forbidden.

The Scout 2008 software provided by the USEPA was scanned with McAfee VirusScan
and is certified free of viruses.

With respect to the Scout 2008 distributed software and documentation, neither the
USEPA, nor any of their employees, assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed. Furthermore, the Scout 2008 software and documentation are supplied “as-
is” without guarantee or warranty, expressed or implied, including without limitation, any
warranty of merchantability or fitness for a spccific purpose.



% NDs
ACL
A-D, AD
AM
ANOVA
AOC

B*

BC

BCA

BD

BDL
BTV

BW
CERCLA

CL
CLT
CMLE
COPC
Ccv
D-D
DA

DL
DL/2 (t)

DL/2 Estimates

DQO

DS
EA
EDF

EM

EPA

EPC

FP-ROS (Land)

Acronyms and Abbreviations

Percentage of Non-detect observations
alternative concentration limit

Anderson-Darling test
arithmetic mean
Analysis of Variance

area(s) of concern
Between groups matrix

Box-Cox-type transformation

bias-corrected accelerated bootstrap method
break down point

below detection limit

background threshold value

Black and White (for printing)

Comprehensive Environmental Response, Compensation, and
Liability Act

compliance limit, confidence limits, control limits
central limit theorem

Cohen’s maximum likelihood estimate
contaminant(s) of potential concern

Coefficient of Variation, cross validation
distance-distance

discriminant analysis

detection limit

UCL based upon DL/2 method using Student’s t-distribution
cutoff value

estimates based upon data set with non-detects replaced by half
of the respective detection limits

data quality objective

discriminant scores

exposure area

empirical distribution function

expectation maximization

Environmental Protection Agency

exposure point concentration

UCL based upon fully parametric ROS method using Land’s H-
statistic
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Gamma ROS (Approx.)
Gamma ROS (BCA)

GOF, G.O.F.

H-UCL
HBK

HUBER
1D

IQR
K

KG

KM (%)

KM (Chebyshev)
KM (1)
KM (z)

K-M, KM

K-S, KS

LMS

LN

Log-ROS Estimates

LPS
MAD

Maximum
MC

MCD
MCL

MD
Mean
Median
Minimum
MLE
MLE (t)

UCL based upon Gamma ROS method using the bias-corrected
accelerated bootstrap method

UCL based upon Gamma ROS method using the gamma
approximate-UCL method

goodness-of-fit
UCL based upon Land’s H-statistic

Hawkins Bradu Kaas
Huber estimation method
identification code

interquartile range
Next K, Other K, Future K

Kettenring Gnanadesikan

UCL based upon Kaplan-Meier estimates using the percentile
bootstrap method ]

UCL based upon Kaplan-Meier estimates using the Chebyshev
inequality

UCL based upon Kaplan-Meier estimates using the Student’s t-
distribution cutoff value

UCL based upon Kaplan-Meier estimates using standard normal
distribution cutoff value

Kaplan-Meier
Kolmogorov-Smirnov
least median squares

lognormal distribution

estimates based upon data set with extrapolated non-detect
values obtained using robust ROS method

least percentile squares

Median Absolute Deviation
Maximum value

minimization criterion

minimum covariance determinant
maximum concentration limit
Mahalanobis distance

classical average value

Median value

Minimum value

maximum likelihood estimate

UCL based upon maximum likelihood estimates using Student’s
t-distribution cutoff value



MLE (Tiku)

Multi Q-Q
MVT
MVUE
ND
NERL
NumNDs
NumObs
OKG

OLS

ORD

PCA
PCs

PCS
PLs
PRG
PROP
Q-Q
RBC

RCRA
ROS

RU

S
SD, Sd, sd
SLs

SSL
S-W, SW
TLs
UCL

UCL95, 95% UCL
UPL

UPL95, 95% UPL
USEPA

UTL

Variance

W*

UCL based upon maximum likelihood estimates using the
Tiku’s method

multiple quantile-quantile plot
multivariate trimming

minimum variance unbiased estimate
non-detect or non-detects

National Exposure Research Laboratory
Number of Non-detects

Number of Observations

Orthogonalized Kettenring Gnanadesikan
ordinary least squares

Office of Research and Development
principal component analysis

principal components
principal component scores
prediction limits

preliminary remediation goals
proposed estimation method

quantile-quantile

risk-based cleanup
Resource Conservation and Recovery Act

regression on order statistics

remediation unit
substantial difference
standard deviation

simultaneous limits
soil screening levels
Shapiro-Wilk
tolerance limits

upper confidence limit
95% upper confidence limit

upper prediction limit

95% upper prediction limit

United States Environmental Protection Agency
upper tolerance limit

classical variance

Within groups matrix
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WiB matrix
WMW
WRS

WSR
Wsum
Wsum?2

viii

Inverse of W¥ cross-product B* matrix
Wilcoxon-Mann-Whitney

Wilcoxon Rank Sum

Wilcoxon Signed Rank

Sum of weights

Sum of squared weights
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Chapter 9
Regression

The Regression module in Scout also offers most of the classical and robust multiple
linear regression (including regression diagnostic methods) methods available in the
current literature, similar to the Outlier/Estimates module. The multiple linear regression
model with p explanatory (x-variables, leverage variables) variables is given by:

¥y, = (x,lb + x,0,+ .t x,pbp)+ e.
The residuals, e,, are assumed to be normally distributed as N(O,S 2); i=1,2,...,n.

The classical ordinary least square (OLS) method has a “0” break down point and can get
distorted by the presence of even a single outlier, as in the classical mean vector and the
covariance matrix.

Let x' = (xll,xlz,...,x,p), b'= (bl,bz,...,bp).

A

The objective here is to obtain a robust and resistant estimate, b , of b using the data set,

(y,,x'l); i=1,2,...,n. The ordinary least squares (OLS) estimate, bo:.s , of 5 is

obtained by minimizing the residual sum of squares; namely, Z r., where
=1

PR A 1 H H - 3 ”
r, =y, —xb,,. Like the classical mean, the estimate, b, ¢, of b has a “zero” break

down point. This means that the estimate, bOLS , can take an arbitrarily aberrant value

even by the presence of a single regression outlier (y-outlier) or leverage point (x-outlier),
leading to a distorted regression model. The use of robust procedures that eliminate or
dampen the influence of discordant observations on the estimates of regression
parameters is desirable.

In regression applications, anomalies arising out of p-dimension space of the predictor
variables, (e.g., due to unexpected experimental conditions), are called leverage points.
Outliers in the response variable (e.g., due to unexpected outcomes, such as unusual
reactions to a drug), are called regression or vertical outliers. The leverage outliers are
divided into two categories: significant leverages (“bad” or inconsistent) and insignificant
(“good” or consistent) points.

The identification of outliers in a data set and the identification of outliers in a regression
model are two different problems. It is very desirable that a procedure distinguishes
between good and bad outliers. In practice, in order to achieve high break down point,

some methods (e.g., LMS method) fail to distinguish between good and bad leverage
points.
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In robust regression, the objective is twofold: 1) the identification of vertical (y-outliers,
regression outliers) outliers and distinguishing between significant and insignificant
leverage points, and 2) the estimation of regression parameters that are not influenced by
the presence of the anomalies. The robust estimates should be in close agreement with
classical OLS estimates when no outlying observations are present.  Scout also offers
several formal graphical displays of the regression and leverage results.

Scout provides several methods to obtain multiple linear regression models. Those
available options include:

o Ordinary Least Squares Regression (OLS)
Minimizes the least squared residuals.

o Least Median/Percentile Squares Regression (LMS/LPS)
Minimizing the “h™ ordered squared residuals (Rousseeuw, 1984).

o Biweight Regression
Conducted using Tukey’s Biweight criterion (Beaton and Tukey, 1974).

e Huber Regression
Conducted using Huber influence function (Huber, 1981).

o MVT Regression
Conducted using Multivariate Trimming Methods (Devlin et al., 1981).

o  PROP Regression
Conducted using PROP influence function (Singh and Nocerino, 1995).

Scout also provides the user with the option of identifying leverage outliers. If the
leverage option is selected, then the outliers arising in the p-dimensional space of the
predictor variables (X-space) are identified first. Those leverage points can be identified
using various options available in Scout. The leverage points are identified using the
same outlier methods as incorporated in the outlier module of Scout. The MDs for the
leverage option are computed using the selected x-variables only. The weights obtained
used in the leverage option are used at the initial regression option. The regression option
is iterated some number of times to identify all of the regression outliers and bad leverage
points. This process also distinguishes between good and bad leverage points.
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9.1 Ordinary Least Squares (OLS) Linear Regression Method

l. Click Regression » OLS B> Multiple Linear.

8 Scout 2008. - [D: Warain)WorkDatInExcel\Wood]| - )
T;E’, Fle Edit Configure Data Graphs Stats/GOF Outlers{Estmates QA{QC ﬁeg;eésion_ Multivanate EDA  GeoStats Programs  Window Help

Nawigation Panel I 0 1 P : P
LMS[LPS Quadratic

Name | »E?ie-—ﬁ x:] =73 ;21053 4 lersveols Cubre
D:WarainWorkDall... Voo T it —
OLSOut ost 2 |y oest 016 |, 0
OLSresQQ gst 3 3] 0608 01273 MYT 2 057 | |
OLSresXY gst 4 El T 0437 01591 | PROP 31 -0*4—5-]—- - h{_ -
OLSresNODX gst 5 | 5 0547] 0713 | Method Comparson » S]l EC *-l-
NI R YYhat net !

2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables™ screen.

o Click on the “Options” button.

B ous options. (X

¥ Display Intervals

Confidence Coefficient

095

V¥ Display Diagnostics

0K | Cancel

7

o The “Display Intervals” check box will display the “Summary
Table for Prediction and Confidence Limits” in the output sheet.

o The “Display Diagnostics” check box will display the
“Regression Diagnostics Table” and the “Lack of Fit ANOVA

Table” (only if there are replicates in the independent variables).

o Click “OK” to continue or “Cancel” to cancel the options.

o If'the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
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user should select and click on an appropriate variable representing a
group variable.

e Click on the “Graphies” button and check all boxes.

B& Select OLS.Graphics Opticns.

W XY Plots

V Y vsY-Hat

W ¥ vs Residuals

¥ Y-Hat vs Residuals

¥ Index Plots

V¥ QQ Residuals

o

XY Plot Title
]Lmear OLS Regression - Y vs X P

Y vsY-Hat Title
ILineal OLS Regression - Y vs Y-H

Y vs Residuals Title
ILinear OLS Regression - Y vs Res

‘Y-Hat vs Residuals Title
|Linear OLS Regiesston - Y-Hat vs

XY Plot Title
l Linear OLS Regression - Residual

QQ Residuals Title
[Linear OLS Regression - Residual

—Regression Line - Fixing Other Regressors at

" Noline W Confidence Interval

" Minimum Values
¥ Predection Interval
¢ Mean Values

€ Maximum Values Confidence Coefficient

095
" ZeoValues

oK | Cancel |

A regression line can be drawn in the multivariate setting by
choosing a single independent (regressor) variable and fixing other
variables at the provided options using “Regression Line — Fixing
Other Regressors at” option.

Specify the confidence or/and prediction band for the regression
line using the “Confidence Intervals” and the “Prediction

Intervals” check boxes.

Specify the “Confidence Level” for the bands.

Click “OK?” to continue or “Cancel” to cancel the options.

o Click “OK” to continue or “Cancel” to cancel the OLS procedure.
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Output for OLS Regression.

Data Set used: Wood (predictor variables p = 5).

Ordinary Least Squares Linear Begression Analysts Qutput

Date/Time of Computation

10/30/2008 11.05:40 AM

User Selected Options
From File |D:\Narain\W/orkD atinE xcef\Woaod
Full Precision |OFF
Confidence Level for Intervals  [0.95
lay Confidence and Prediction Limits | True
Display Regresion Diagnostics | True

Title for Residual QQ Plot

Linear OLS Regression - Residuals QQ Plot

Title Residual Index Plot

Linear OLS Regression - Residuals Index Plot

Title ForY vs X Plots

Linear OLS Regression - Y vs X Plot

~onfidence Level for Regression Line

095

Display Confidence Band

Triue

Display Prediction Band

Tiue

Title for Y-Hat vs Residuals Plot

Linear OLS Regression - Y-Hat vs Residuals Plat

Title for Y vs Residuals Plot

Linear OLS Regression - Y vs Residuals Plot

Title forY ws Y-Hat Plot

Linear OLS Regression - Y vs Y-Hat Plot

Number of Observations! 20

Dependent Variable| y

Number of Selected Regiession Variables| 5

Independant Variable! x1

Independant Variable| x2

Independant Variable| x3

Independant Variable| x4

Independant Variable| x5

Comrelation M atrix

[0 x1 ®2 %3 w4 ¥5
[ 1 -0145 0eM 047 06 0623
x1 -0.145 1 -0 246 -0 604 0528 -0.641
%2 0611 -0246 1 0 388 0.438 0248
%3 047 -0.604 032 1 024 0E59
x4 -06 0528 -0493 024 1 0512
] 0629 064 0243 0659 0512 1
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346

Eigenvalues of Correlation M atroc

Evall Eval 2 Eval 3 Eval 4 Eval5 Eval6
3357 1.114 0713 0.583 0173 0.054
Sum of Eigenvalues 6
Regression E stimates and Inference Table
Paramater [DOF Estimates |Std. Emor |T-values {p-values |TolValues |VIF
intercept 1 0422 0.169 2.494 0.0253 | N/A N/A

%1 1 0.441 0117 377 0.00222 0.27 3.701

x2 1 -1.47% 0.487 -3.029 0.00931 0.264 3786

%3 1 -0.261 0.112 -2.332 0.0339 0583 1.715

x4 1 0.0208 0.161 0.129 0.388 0.293 3.346

] 1 017 0.203 0.84 0.27 0.268 3725

OLSANOVATable
Source of Yariation SS DOF MS F¥Yalue | P-Value
Regression 0.0344 5 0.00687 11.81 0.0001
Eror 0.00814 | 14 5.8158E-4
Total 0.0425 19
R Square| 0808
Adiusted B Square; 0.74
Sqi{MSE) = Scale| 0.0241
Regression T able

Obs Y Vector Yhat Residuals | Hatfii] |Res/Scale[Stude™ Res

1 0.534 0.551 -0.0175 0.278 -0.725 -0853

2 0.53% 0534 0.00114 0132 0.0472 0.0507

3 0.57 054 003 0.22 1.243 1.407

4 0.45 0.441 0.00855 0.258 0.355 0412

5 0.548 0524 0.0242 0.222 1.002 1137

6 0.431 0442 -0.01039 0.259 -0.452 -0.625

7 0.481 0.459 0.0219 0.53 0.907 1.323

8 0.423 0424 |-8415E4 0,283 | 00343 | -0.0414

9 0.475 0485 -0.00955 0.348 -0.396 -0.49
10 0.486 0.496 -0.01 0449 -0.415 -0.559
11 0.554 0.506 0.0479 0.317 1.986 2.403




Output for OLS Regression (continued).

Summary T able for Prediction and Confidence Limks

Obs Y Vector Yhat s[rhat) s(pred) LCL UCL LPL UPL Residuals
1 0534 0.551 027 00273 0524 0.579 0.493 0.61 -0.0175
2 0.535 0534 000875 00257 0515 0.553 0.479 0583 0.00114
3 057 054 00113 00266 0.516 0.564 0.483 0.597 0.03

4 045 0.441 00123 0.0271 0415 0468 0.383 0.439 0.00855
5 0548 0524 0.0114 0.0267 0.433 0548 0.467 0.581 0.0242
6 043 0442 0.0123 0.0271 0.416 0.468 0.384 0.5 -00109
7 0.481 0459 0.0176 00298 0.421 0.497 0.335 0523 0.0219
8 0.423 0.424 0.013 0.0274 0.3%6 0.452 0365 0.483 |-8.415E-4
9 0475 0 485 00142 0028 0454 0.515 0.424 0545 | -000955
10 0.486 04935 00162 0.029 0461 0.531 0.434 0.558 001

1 0554 0506 00136 0.0277 0477 0535 0447 0.565 00473
12 0519 0548 00154 0.0286 0515 0581 0486 0.609 -0.0289
13 0432 0504 0.0129 0.0274 0.476 0531 0.445 0.562 00117
14 0517 0547 0 00866 00256 0.529 0 566 0432 0.602 -0.0304
15 0.502 0516 000341 00253 0.456 0536 0.461 0572 -0.0141
16 0.508 0495 0.0175 00238 0458 0533 0.431 0.559 00126
17 0.52 0526 a3 0.0274 0.498 0.554 0.467 0585 | -0.00615
18 0.506 0.499 0013 0.0274 047 0.527 0.44 0.558 0.00685
19 0 401 0427 0013 0.0274 0.399 0.455 0.368 0.486 -0 0261
20 D568 0555 00136 0.0277 0.526 0.584 0.495 0.614 0.0131

Noreplicatesinthe data - Lack of Fit ANOVA T able not displayed

Regression Diagnostics Table

Obs. # | Residuals HI1) CD[i 1] DFFITS
1 -0.0175 0278 0.0466 -0876 -0.543
2 000114 0132 |64834E5 00507 00197
3 003 022 0.0923 1518 0806
4 0.00855 0258 000985 0.414 0.245
5 00242 0.222 0.0616 1.193 0638
6 -0.0109 0253 00161 -0.53 -0.314
7 00219 0.53 0.329 1.414 1.502
8 -8.415E-4 0289 |[1.1582E-4 | -0.0414 -0 0264
9 -0 00955 0348 0.0214 -0495 -0 362

10 -0.01 0.443 00425 -0.566 0511
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Output for OLS Regression (continued).
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Output for OLS Regression (continued).
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Output for OLS Regression (continued).
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9.2 OLS Quadratic/Cubic Regression Method

l. Click Regression P OLS B> Quadratic or Cubic.

@ Scout 2008 - [D:\Nagain\WorkDatInExcel\Wood])
T_:El, Fle Edt Configure Data Graphs Stats/GOF Outliers/Estimates QAJQC Regre_ssibn

Mulivariate EDA  GeoStats Programs Window Help

Nawgation Panel | T T I v Lnex :
I wsiles
1 <2
Narne - E&-E-1 XD 73 01059 X Iterative OLS Cubi

D:\NarainWorkDatl .. 1 _. | wenght .~ -
OLSOut ost 2 2 08S1] 0136 Huber 053, i
OLSresQQ gst 3 3 06| 01273 T 2 057,
OLSresXY gst 4 TR 0437 01591) PROP IR 45( — — .
OLSresNDX gst 5 5 0547 O011% Method Comparison ¥ {5/ 0548 _
OLS YYhat ast = . ] - - — e

2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o Click on the “Options” button.

& oLs Qptions

¥ Display Intervals
Confidence Coefficient —

095

W Display Diagnostics

oK | Cancel

Y

o The “Display Intervals” check box will display the “Summary
Table for Prediction and Confidence Limits” in the output sheet.

o The “Display Diagnostics” check box will display the
“Regression Diagnostics Table” and the “Lack of Fit ANOVA
Table” (only if there are replicates in the independent variables).
o Click “OK?” to continue or “Cancel” to cancel the options.
o [fthe results have to be produced by using a Group variable, then select a

group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
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user should select and click on an appropriate variable representing a
group variable.

o Click on the “Graphics” button and check all boxes.

B8 Select QLS, Graphics Options

V¥ XY Plots

M Y vsY-Hat

¥ ¥ vs Residuals

M Y-Hat vs Residuals

™ Index Plots

¥ QQ Residuals

O

o}

XY Plot Title

]Llnear OLS Regression - Y vs X Pl
Y vsY-Hat Tile

[Linear OLS Regression - Y vs Y-H

Y vs Residuals Title

lLinear OLS Regression - Y vs Res

Y-Hat vs Residuals Title

ILmeal 0OLS Regression - Y-Hat vs

XY Plot Title

—Regression Line - Fiing Other Regressors st ——

™ Noline ¥ Confidence Interval

" Minmum Values
[V Predection Interval
(¢ Mean Values

£ Masimum Values Conhdence Coefficient

0.95
" Zero Values

il.inear OLS Regression - Residual
Q0 Residuals Title

lLinear OLS Regression - Residual

ok | Cancel |

4

“Regression Line — Fixing Other Regressors at” option is not
used in this quadratic regression module.

Specify the confidence or/and prediction band for the regression
line using the “Confidence Intervals” and the “Prediction

Intervals” check boxes.

Specify the “Confidence Level” for the bands.

Click “OK” to continue or “Cancel” to cancel the options.

o Click “OK?” to continue or “Cancel” to cancel the OLS procedure.
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Output for OLS Regression.

Data Set used: Wood (predictor variables p = 5).

Ordinary Least Squares Quadratic Regression Analysis Quiput

Date/Time of Computation

10/30/2008 1.14.57 PM

User Selected Options

From Fle |D.\Narain\WorkD atinExcel\\wood
Full Precision |OFF
Confidence Level for Intervals [0.95
W Confidence and Prediction Limits | True
Display Regresion Diagnostics | True
Residual QQ Plot  [Not Selected
Residual Index Plot  {Not Selected

Title For Y vs X Plots

Quadratic OLS Regression - Y vs X Plot

anfidebee Level for Regression Line |0.95
Display Confidence Band | True
Display Prediction Band | True
Y vs Residuals Plot [Not Selected
Y vs Residuals Plot  [Not Selected
Y vsY-Hat Plot  |Not Selected

Number of Observations| 20

Dependent Variable| v

Number of Selected Regiession Variables} 1

Independant Variable| =1

Correlation M atr

y x1 Squared
y 1 0.997 0623
x1 0997 1 0.588
Squared 0.629 0.583 1

Eigenvalues of Correlation M atrx

Evall Eval 2 Eval 3

2.433 0.505 0.0015

Sum of Eigenvalues
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Output for OLS Regression (continued).

354

Regression E stimates and Inference Table

Paramater |DOF Estimates |Std. Enor  |{T-values |p-values |TolValues |VIF
intercept 1 -0.643 026 247 0.0252 | N/A N/A
%1 1 3306 0 857 408 (91487E-4 | 0.00573| 1746
Squared 1 -3.237 0863 -3.75 000185 0.00573 | 1746
OLS ANOVATable
Source of Variation 5S DOF MS F-Value | P-Value
Regression 0.0284 2 00142 17.2 0.0001
Error 00141 17 8.2683E-4
Total 00425 19
R Square 0.669
Adjusted B Square 0.63
Sqit(MSE) =Scale| 0.0288
Regression T able
Obs Y Vector Yhat Residuals | Hatfi.)] | Res/Scale |Stude™ Res
1 D534 0532 000157 0103 0.0545 0.0576
2 0535 0.528 0.00697 0116 0.242 .0.258
3 057 0535 0.0346 0.0923 1204 1.264
4 045 0.446 0.00411 0.16 0143 0.156
5 0548 0525 00229 0.106 0795 084
[} 0.431 0453 | -00223 0.137 -0.774 -0833
7 0481 0493 | -0.0121 00873 | -0421 -0.441
8 0423 0418 0.00481 0.293 0167 0.199
9 0.475 0521 -0 0457 0.103 -1.591 -1.68
10 0486 0514 | -00278 0.247 -0 966 -1.114
1" 0.554 0523 0.0305 0.149 1.062 1.151
12 0519 0503 00158 0.391 0.549 0.703
13 0.492 0527 | -00354 012 1231 1313
14 0517 0534 | 00174 00933 | -0606 -0.639
15 0.502 052 -0.0179 0.103 -0621 -0.656
16 0.508 0515 | -0.00653 0099 0227 0239
17 0.52 0534 | -0.0136 0.101 -0.475 -0.501
18 0.506 0457 00487 0.126 1.692 1.81
19 0.401 0423 | -0.0221 0.264 -0767 -0895
20 0.568 0517 0.0509 0.101 1.772 1.869




Output for OLS Regression (continued).

Summary Tabl;a for Pledit;tion and Confidence Limits

Obs Y Vector Yhat s{rhat) s{pred) LCL UCL LPL UPL Residuals
1 0534 0532 | 0.00925| 00302 0513 0552 0.469 0556 | ooois7 |
2 0535 0528 | 000981 00304 0507 0549 0464 | 0592 | 000697
3 057 0535 | 000874 | 00301 0517 0554 0472 0533 | 00346
4 0.45 0446 | 00115 | 0031 0422 047 0.381 0511 | 0004Nn
5 0.548 0525 | 000934 | 00302 1 0505 0545 0.451 0589 | 00229
6 0431 0453 | 00106 | 00307 | 0431 0476 0389 0518 | -00223
7 0481 0493 | 00085 | 003 0475 0511 043 0556 | -00121
8 0.423 0418 | 00156 | 00327 0385 0.451 0.349 0.487 | 000481
9 0475 0521 | 000925 00302 0.501 054 0.457 0584 | -00457
10 0.486 0514 00143 | 00321 0.484 0544 0.446 0582 | 00278
1 0.554 0523 | 00111 | 00308 | 05 0547 0458 0589 | 00305
12 0519 0503 | 00i8 00333 | 0.465 0541 0432 0575 00158
13 0492 0527 | 000998 00304 0506 0548 0463 0592 | 00354
14 0517 0534 | 0003906 00301 0.515 0.554 0.471 0598 | 00174
15 0502 052 000922 00302 | 05 0539 0.456 0584 | -0.0173
16 0508 0515 | 000905 00301 0455 0534 0451 0578 | -0.00853 -
17 052 D534 | 000916 00302 | 0514 0553 047 0597 | 00136
18 0506 0457 | 0.0102 | 00305 0436 0479 0393 0522 | 00487
19 0.401 0423 00143 | 00323 | 0392 0454 0355 0.491 | 00221
20 0.568 0517 | 000313 00302 | 0493 0536 0453 0581 00509

Noreplicates inthe data - Lack of Fit ANOVA T able not displayed

Regression Diagnostics Table

Obs. # | Residuals HEi CDhl thl DFFITS
1 000157 0103 (12758E-4 00576 00136
2 0 00897 0.116 0.00292 0258 00938
3 00346 00323 00542 1328 0423 ——-
4 000411 016 000154 0.156 00681
5 0.0223 0106 00278 0858 0295
6 00223 0137 00366 | -0851 -0339
7 00121 00873 | 0.00621 | -D444 0137
8 0 00481 0293 000543 0193 0128
9 -0 0457 0.103 0103 -184 -0625
10 00278 0247 0136 1157 0663 |
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Output for OLS Regression (continued) — Qu'adratic Fit.

Output for OLS Regression (continued) — Cubic Fit.
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9.3 Least Median/Percentile Squares (LMS/LPS) Regression
Method

Break Down Point of LMS Regression Estimates

The break down (BD) points for LMS (k~0.5) and least percentile of squared residuals
(LPS, k>0.5) regression methods as incorporated in Scout are summarized in the
following table. Note that, LMS is labeled as LPS when k>0.5. In the following the
fraction, k is given by 0.5< k <1. For example, for median, the fraction, k =0.5, for 75™h
percentile, fraction, k = 0.75, and so forth.

Approximate Break Down Point for LMS or LPS Regression Estimates

No. of Explanatory Vars., p=1

Minimizing Squared Residual BD
Pos = [n/2], k=10.5 (n-Pos)/n
Pos = [(n+1)/2] (n-Pos)/n
Pos = [(n+p+1)/2] (n-Pos)/n
LPS ~ Pos = [n*k], k> 0.5 (n-Pos)/n

No. of Explanatory Vars., p> |

Minimizing Squared Residual BD
Pos=[n/2],k=0.5 (n-Pos-p+2)/n
Pos = [(n+1)/2] (n-Pos-p+2)/n
Pos = [(n+p+1)/2] (n-Pos-p+2)/n

LPS ~ Pos = [n*k], k> 0.5 (n-Pos-p+2)/n

Here [x] = greatest integer contained in X, and k represents a fraction: 0.5 <k <1. Pos stands for
position/index of an entry in ordered array (of size n) of squared residuals. The squared residual at
position, Pos is being minimized. For example, when Pos = [n/2], the median of squared residuals is being
minimized.

l. Click Regression > LMS.

B8 Scout 2008;- [_Q:_\!rlqs«'ﬂn,\_S_qq.qf'=Frqr-=W-indm\Sqoqt_S_qur,c_g\_\Mqr.kQa_l_l'n_E_-x_c_e_l\.qudl_l
:uE', File Edt Configure Data Graphs Stats/GOF Outlers/Estimates JEEHZal Multivaniate EDA  GeoStats Programs Window Help

Navigation Panel I 0 ] 2 OLS 5 s 7 8
o 1 Coe | . 2 5 P
o g 3 erative
D Waram\Scout_Fo 1 i 05 000 et __UB‘”‘:-‘ sy
2 A O8N 01 e B I B
3 3 0606 01z MVT 092 057
S S I s Etid S B
1 4| 0437 O prop 0892, 045
5 5 0547| 0¥l MethodCompamson | g5 osa@f |
2. The “Select Variables” screen (Section 3.3) will appear.
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o Select the dependent variable and one or more independent variables from
the “Select Variables™ screen.

o If the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options” button to get the options window and then click
on “User Specified” in “Subset Search Strategy” box.

LLMS, Regression, Options

r~Subset Search Stiategp — 7 ~Subsets to Search Al —  —Peicentage Outfiers T ¥ Display Intervals
¢ All Combinations C <=10000 € Maximum < 5% Cortid Cocficient
onfidence Coefficien

¢ User Specified * <=100,000 ¢ Maxmum < 10% I_W—
C Extensive " <=1,000,000 ;

aaat C Maximum < 15%
™ Quick Il

<=10,000,000
,000, I . %
: Outier Prababi Masimum ¢ 20 v Display Diagnosttes

Minimization Critenon utlier Probability & Maxmum < 25%
¢ [n/2] Squared Res (LMS) 0%

¢ Mawmum < 30%

€ [in+1)/2] Squared Res

€ [(n+p+1)/2] Squared Res. € Mamum < 40%
" Percentle Squared Res € Maxmum < 50% oK ' Cancel ‘

4

Note: The Subset Search Strategy allows the user to specify the number of initial subsets of size p+1 to be

n
used to obtain the residuals (regression models) from a total of subsets. The user can specify the
P

Percentage of Outliers, Outlier Probability (usually closer to 1), and the Minimization Criterion (order of
the squared residual to minimize) (Leroy and Rousseeww, 1987).

o Specify “Subsets to Search.” The default is “<=100,000.”
o Specify “Percentage Outliers.” The default is “<25%.”
o Specify “Outlier Probability.” The default is “0.95.”

o Specify “Minimization Criterion.” The default is “Median
Squared Residual.”

o Click on “OK” to continue or “Cancel” to cancel the options.
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o Click on “Graphics” for the graphics options and specify the preferred
graphs.

BB Select LMS Graphics. Options.

XY Plot Title . . .
7 %Y Plots I T3 Foamseon v v Pt Regression Line - Fixing Other Regressors at
" NolLine ¥ Confidence Interval
Y vsY-Hat Title
v ¥ vsYHat |LMS Regiession - Y vs Y-Hat Plat " Minimum Values
¥ Predection Interval
Y vs Residuals Title 5 Mean Values

W ¥ vs Residuals ILMS Regression - Y vs Residuals

 Maximum Values Confidence Coefficient

Y-Hat vs Residuals Title
IV Y-Hatvs Residuals ILMS Regression - Y-Hat vs Resid ™ ZeoValues 0.95
XY Plot Title
" Index Plots |LMS Regression - Residuals Index
QQ Residuals Title oK ] Cancel |

¥ QQ Residuals

| S Regression - Residuals G0 Plot

o Specify the required graphs and the input parameters.
o Click on “OK” to continue or “Cancel” to cancel the options.
o Click on “OK?” to continue or “Cancel” to cancel the computations.
Output example: The data set “WOOD.xIs” was used for LMS regression. It has 5
predictor variables (p) and 20 observations. A total of 38760 subsets of size p+1 (6)

observations were used find the best subset meeting the minimization criterion of least
median of squared residuals.
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Output for LMS Regression.
Data Set used: Bradu (predictor variables p = 5, Minimization Criterion = Median Squared Residuals).

{LeastMedian 5quared (LMS) Regression Analysis Qutput

"Date/Time of Ebmpuléhon

3/4/20089.35 11 AM

User Selected Options

From File

Full Precision

OFF

Subset Search Strategy

User Specified Criteria

Percentage Outliers

Maximum Outliers <=0 25

Percentage Outhers

Outher Probability <= 0.95

Search All Cutoff

Do all combinations if <= 100000

Mirumzation Criterion

Median of Squared Residuals

Title for Residual QQ Plot

LMS Regression - Residuals GQ Plot

D \Naram\Scout_For_Windows\ScoutSource\Work D atinE xcel\wood

Residual Index Plot | Not Selected
Y vs X Plots [Not Selected
Title for Y-Hat vs Residuals Plot {LMS Regression - Y-Hat vs Residuals Plot
Y vs Residuals Plot  |Not Selected
Y vs YHat Plot {Not Selected
Number of Selected Regression Yariables] 5
Number of Observations; 20
Dependent Variable; y
Correlation Matrx
y |x1 %2 %3 x4 ¥5
» 1 { -0 145 0611 047 08 0629
%1 0.145 l 1 0246 -0 604 0528 0641
w2 06N l -0246 1 0388 0498 0248
x3 047 -0 604 0388 1 -024 0ES3
x4 06 0528 04398 024 1 -0512
®5 0623 -0 641 0248 0653 -0512 1
) Eigenvalues of Correlation M atix
Eval1 Eval 2 Eval 3 Eval 4 Eval 5 Eval B
0054 0173 0588 0713 1.114 3397
OLS Estimates of Regression Parameters
Intercept %1 %2 %3 %4 ¥5
0422 0.441 -1 475 -0.261 00208 0171
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Qutput for LMS Regression (continued).

Stdy of E stimated Regression Parameters

Intercept x1 %2 %3 x4 x5
0.169 017 0.487 0112 0.161 0203
OLS ANOVA Table
Source of Yariation SS DOF MS F-Value | P-Value
Regression 00344 5 0.00687 11.81 0 0001
Error 0.00814 14 58158E-4
Total 0.0425 13
OLS Scale Estimate]  0.0241
R Square 0.808
Least Median of S quared Residual Regression
Total Number of Elemental Subsets of size (6); 38760
Total Number of Elemental Subsets of size (6) Searched| 38760
Number of Non-Singular Elemental Subsets of size (6)| 38760
BestElemental Subset of size 6 Found
y %1 %2 %3 x4 ¥5
Obs 47 0.481 0.489 0123 0.562 0.455 0.824
Obs #10 0.486 0.685 0.156 0.631 0.564 0.914
Obs# 11 0.554 0 664 0158 0.506 0.481 0.867
Obs#12 0.519 0703 0134 0.519 0.484 0.812
Obs#15 0.502 0.534 0114 0.521 Q57 0.889
Obs 16 0508 0.523 0132 0.505 0612 0.919

Best Subset satisfies minimization critenon

LMS E stimates of Regression Parameters [Using Best Subset)

Intercept %1 x2

%3

wd

¥D

0.37 0172 | 0073

-0524

-0.441

0.644

Stdv of E stimated Regression Parameters (Using Best Subszet)

Intercept x1 %2

%3

%4

i)

0.874 0604 2516

0.579

0.832

1.051
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Output for LMS Regression (continued).

Minimizing 10th Ordered Squared Residual
Value of Minimum Critenion | 2.0399E-6
Approximate Breakdown Value 0.35
Unweighted Sigma Estimate based upon LMS Residuals 0.125
Initial Robust LMS Scale Estimate [Adjusted for dmensionality) 000691
LMS Regression T able Based Upon Best Subset
Obs # Y Yhat Residuals | Hatfi)] [Res/Sigma| Student |Res/Scale] Weights [CRes™cale
1 0534 0522 00122 0.278 0.0976 0115 1761 1 -0.725
2 0.535 0527 0.00787 0.132 0.0632 00678 1.139 1 0.0472
3 057 0569 |8.8370E-4 0.22 0.00709 | 0.00803 0.128 1 1243
4 0.45 0652 -0202 0.258 -1625 -1887 -28.31 0 0355
5 0.548 0.538 000972 0.222 0.078 00885 1.407 1 1.002
6 0431 0.662 0231 0259 -1.857 -2.158 -335 ] -0.452
7 0.481 0481 |{-3.43E-14 053 |-275E-13 |-4.02£-13 |-4.97E12 1 0.907
8 0.423 065 -0.227 0289 -1824 2163 3291 0 -0.0349
9 0.475 0489 | 00141 0.248 0113 014 -2.037 1 -0 336
10 0.486 0486 |-435E-14 0.449 |-349E-13 [-471E-13 |-6.30E-12 1 -0.415
1 0.554 0554 |-1.14E-14 0317 [-918E-14 |-111E-13 |-1.66E-12 1 1986
12 0519 0519 |-352E-14 041 |-282E-13 |-36BE-13 |5.09E-12 1 -1.198
13 0.492 0.491 0.00145 0.287 00116 0.0138 0.2 1 -0.485
14 0517 0522 | -0.00472 0129 | 00379 | 00406 -0.684 1 -1.261
15 0.502 0502 ([-655E-14 0152 |[-526E-13 |-571E-13 |-3.48E-12 1 -0587
16 0.508 0508 |-7.33E-14 0526 |-588E-13 |-854E-13 |-1.06E-11 1 0.524
17 0.52 0521 | 000114 0289 | -0.00913 | 00108 -0.165 1 -0.255
18 0.506 0522 | 00161 0294 -0129 -0.154 -2.328 1 0284
19 0.401 0.666 -0.265 0.292 2129 -253 -38.4 0 -1.084
20 0.568 0.567 |[9.6663E-4 0.318 0.00776 | 000933 014 1 0.545
Reweighted LMS E stimates of Regression Parameters
" TIntercept ®1 %2 %3 x4 ®5
0377 0217 | 0085 -0.564 0.4 0.607
Reweighted LMS Stdy of E stimated Regression Parameters
Intercept w1 %2 %3 % LT
0054 00421 0.198 0.0435 0.0654 0.0786
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Output for LMS Regression (continued).

Reweighted LMS ANOVA Table
Source of Yariation 55 DOF MS l F-Value | P-Value
Regression 00128 5 0.00295 46 00000
Ewor [55517E-4 | 10 §5517€-5 N
Total 00133 15
R Square 0958
Final Reweighted LMS Scale Estimate 000745
Reweighted LMS Regression Table
Obs & Y Yhat Residuals | Hatfiy Student | Res/Scale
1 0534 0526 000802 0278 1267 1076
2 0535 0531 000444 0132 0.639 0535
3 057 057 |23614E-4 022 00359 00317
4 0.45 064 019 0258 -2967 -25.55
5 0548 0535 0013 0222 1979 1745
6 0431 0651 022 0253 -34 32 -2954
7 0.481 0474 000658 053 1288 0883
8 0423 0639 0216 0289 -34.37 -28.98
9 0475 0483 | -000775 0348 -1.288 104
10 0486 0486 |-2958E-4 0443 | 00535 | -0.0397
ikl 0554 0557 | -000274 0317 0445 -0 368
12 0518 0525 | -000642 oa 1122 -0.862
13 0492 0489 0.00319 0287 0507 0428
14 0517 0524 | -0.00712 0129 -1.023 -0955
15 0502 0502 |46552E-4 0152 00679 00625
16 0508 0508 |-7691E-5 0526 | 0.015 -00103
17 052 0521 {-7971E-4 0289 0127 -0.107
18 0506 0515 | 000928 0234 -1 482 1246
19 0401 0655 -0254 0292 -405 -34 07
20 0.568 0563 | -000145 0318 0235 0194
Final Weighted Correlation M atx
[0 1 x2 %3 x4 x5
Y 1 075 0271 -0 0958 D173 0147
%1 0.75 1 0497 0132 -0.0367 -0 097
%2 0271 0457 1 -0.226 0003 -0 755
%3 -00958 0132 -0.226 1 0733 0132
x4 0173 -0.0367 -0.0031 0733 1 0245
®D 0147 -0097 -0 785 0138 0245 1
Eigenvalues of Final Weighted Correlation Matrx
Eval1 Eval 2 Eval 3 Eval 4 Eval 3 Evalb
002 0196 0.39 1.431 1.604 2368
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Output for LMS Regression (continued).

Output for LMS Regression (continued).

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graph are
considered to be regression outliers.
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9.3.1 Least Percentile of Squared Residuals (LPS) Regression
1. Click Regression B> LMS/LPS.

48 Scout 2008 - [D:\Warain\Scout._For_Windows\ScoutSource\WorkDatinExceliood]) *

'_EIE‘, Fle Edt Configure Data Graphs Stats{GOF OuthersfEstimates Renjression MuRivariate EDA  GeoStats Programs Window Help

Nawigation Panel l 0 1 2 OLS 5 6 7 ]
o 1 o | [ 6 1
e - erative T
D \Naraim\Scout_Fo. . L N 0573 __0_15 Biweight pea 0o
SCLASS. Out ost 2 L A (o oeen oss o
D \Naraim\Scout_Fo 3 3[’ 0808|0712 wyr B
4 T T0a3 ‘07t proP 0832 045
5 B '5[“"0’54?] —011| Method Comparison 09150 ose8 |
2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o Ifthe results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options™ button to get the options window and then click on
“User Specified” in “Subset Search Strategy” box.

ES LMS Regressio

n, Options

~Subset Search Stristegy ——————  r~Subsetsto SearchAll —]  ~Percentage Outlers —1 & Display Intervals
¢ All Combinations ¢ <=10,000 € Maximum < 5%
Confidence Coefficient
¢ User Specified s @+ <=100,000  Maximum < 10%
N 0.95
" Extensi =
Hensive ¢ ¢=1.000,000 " Mammum < 15%
¢ Quick € ¢=10,000,000
" Maximum < 20%
Y hon Cit Ouller Probabilt ¥ Display Diagnostics
:m;lz;]o; i endo; ‘—‘-——‘_—[LMSI utlier Probability — # Maxmum < 25%
n/2] Squared Res I_—"'_“‘U E
" Maximum < 30%
€ [(n+1)72] Squared Res
€ {n+p+1)72] SquaredRes —Percentie € Maxmum < 40%
% Percentle Squared Res 0.75 " Maxmum < 50% oK | Cancel |

4

o Specify “Subsets to Search All.” The default is “<=100,000.”
o Specify “Percentage Outliers.” The default is “<25%.”

o Specify “Outlier Probability.” The default is “0.95.”
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o Specify “Minimization Criterion” as “Percentile Squared Res.”
The default is “0.75.”

o Click on “OK?” to continue or “Cancel” to cancel the options.

o Click on “Graphics” for the graphics options and specify the preferred
graphs.

B Select LMS. Graphics Options.

XY Plat Title o
—HRegression Line - Fixing Other Regressars at
W XY Plots | LMS Regression - Y vs X Plot % ? g
" Noline ¥ Confidence Interval
Y vs Y-Hat Title
W Y vsY-Hat [LMS Regression - Y vs Y-Hat Plot  Minimum Values
M Predection Interval
Y vs Residuals Tille 5 MeanValues

VY vs Residuals |LMS Regression - Y vs Aesiduals

s . Confidence Coefficient
Y-Hat vs Residuals Title Maximum Values

 YHat vs Residuals ILMS Regression - Y-Hat vs Resid  ZeroValues I 0.3

XY Plot Title
ILMS Regression - Residuals Index

¥ Index Plots

(Q Resduals Title OK | Cance! I

I S Regression - Residuals QQ Plot

¥ Q0 Residuals

o Click on “OK” to continue or “Cancel” to cancel the options.

o Click on “OK” to continue or “Cancel” to cancel the computations.
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Output for LPS Regression.
Data Set used: Bradu (predictor variables p = 3, Minimization Criterion = 0.75 percentile).

{LeastPercentile Squared (LPS]Regression Analysis Output
"B ate/Time of Computaton | 2/25/2008 11:08-20 AM
User Selected Options
From File {D:\Narain\Scout_For_Windows\ScoutS ource\wWorkD atlnExce\BRADU
Full Precision |OFF
Subset Search Strateqy | User Specified Criteria

Percentage Outliers  {Maximum Ovtliers <= 0.25

Percentage Outliers [ Qutlier Probability <= 095
Search All Cutoff  |Do all combinations if <= 100000
Mirumization Criterion | The 0.75 Percentile of Squared Residuals
Residual QQ Plot |Not Selected
Residual Index Plot |Not Selected
Y vs X Plots |Not Selected
Title for Y-Hat vs Residuals Plot |LMS Regression - Y-Hat vs Residuals Plot
Y vs Residuals Plot [ Not Selected
Y vsY-Hat Plot  [Not Selected

MNumber of Selected Regression Variables| 3

Number of Observations! 75

Dependent Variable| y

Correlation Matrix
[y %1 %2 X3
y 1 0946 0.962 0.743
x1 0346 1 0.979 0708
%2 0962 0979 1 0757
®3 0.743 0.708 0.757 1

Eigenvalues for Correlation M atrt
Eval 1 Eval 2 Eval 3 Eval 4
00172 0.0556 0368 3.559

OLS E stimates of Regression Parametess

Intercept %1 %2 %3
-0.388 0239 -0.335 0.383
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Output for LPS Regression (continued).

' Stdv of E‘slimated Héglession F"aramelels ‘

Intercept

x1 %2 x3
0416 0.262 0.155 0123
OLSANOVATable
Source of Variation 5SS DOF MS F-Value | PValue
Regression 543.3 3 181.1 3577 0.0000
Erwror 35395 71 5.063
Total 9028 74
OLS Scale Estimate]  2.25
R Square}  0.602
Least0.75 Percentile of Squared R esidual Regression
Total Number of Elemental Subsets Searched | 10000
Number of Non-Singular Elemental Subsets | 10000
BestElemental Subset of size 4 Found -
[T %1 %2 %3
Obs#19 01 0.3 29 16
Dbs #1 9.7 10.1 19.6 28.3
Obs#3 10.3 10.7 20.2 A
Obs#72 02 0.6 2 15

Best Subset satisfies minimization criteson

'ercentile S quared E stimates of Regression Parameters

(Using Besl

Intercept

x1

%2

x3

-1.045

0.213

0.272

0113

Stdv of E stimated Regression Parameters (Using Best Subset)

Intercept

|

®2

%3

0572

0.36

0.213

0177

Minimizing 56th Ordered Squared Residual

Value of Minimum Criterion 0.606

Approximate Breakdown Value 0.24

Unweighted Sigma Estimate based upon LPS Residuals 3.088
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Output for LPS Regression (continued).

Initial Robust LPS Scale Estimate (Adusted for dimensionality]

0301

LPS [U.?ﬁth] Regression T able Bazed Upon Best Subset

(The complete regression table is not shown.)

Obs # Y Yhat Residuals | Hatfi)] |Res/Sigma| Student |BRes/Scale| Weights |C Res™cale
1 97 9.7 1 356E-11 0.063 |4.393E-12 |4 538E-12 |1 506E-11 1 1502
2 101 9882 0218 00593 0.0707 0.073 0.242 1 1.775
3 10.3 103 1 530E-11 0.0857 |4.954E-12 {5.181E-12 [1.698E-11 1 1334
4 95 1056 -1058 00805 | -0343 -0 357 1.174 1 1138
5 10 10.47 -0.463 00723 -0.152 -0.158 -0.52 1 1.36
6 10 1017 -0.173 0.0756 | -0.0559 | -0.0582 0.192 1 1.527
7 108 1023 0568 0.068 0.184 0.191 0631 1 2006
8 10.3 9713 0587 0.0631 0.19 0.196 0.652 1 1.705
9 96 1022 0617 0.08 0.2 -0 208 -0.685 1 1.204
10 99 9778 0122 00869 0.0394 00412 | 0135 1 1.35
11 -0.2 11.85 -12.05 0.0942 -3903 -4.101 1338 0 -3.48
12 -0.4 12.03 -12.43 0.144 -4.024 -4.349 13.79 0 -4.165
13 0.7 125 118 0.109 -3822 -4 043 131 1] -2.719
14 01 14 46 1436 0564 -4.65 704 | 1594 0 -1.69
15 -0.4 0725 1125 00573 -0.364 0375 -1.243 1 -0294
18 06 0266 0334 0.0759 0108 0113 0371 1 0.385
17 -02 -0.587 0397 0.0393 0125 0128 0.43 1 0287
18 0 012 012 00231 | -0.0387 | -0.0392 0133 1 0175
18 01 01 -2.54E-12 00312 [-824E-13 |-B837E13 |-282E-12 1 029
20 0.4 0.807 -0.407 0.0476 | -0.132 -0.135 -0.452 1 0.151
21 09 0.337 0563 0.0294 0182 0.185 0.625 1 0.299
22 03 0128 0172 0.0457 0.0557 0.057 0191 1 0.415
23 -0.8 0109 -0.909 00293 | -0.294 0299 | -1.009 1 019
24 07 -0.0783 0.778 0.0261 0252 0.255 0.864 1 0602
25 -0.3 -0.781 0.481 0022 0156 0.158 0.5634 \ 1 0136
25 -0.8 0333 1133 00318 | -0.367 -0373 1257 ¢ 1 0214
27 07 0685 1385 00417 -0.449 -0 458 -1.538 1 -0612
28 03 -0 207 0507 0.0235 0164 0166 0563 1 -0.108
29 03 -0 447 0.747 0.0178 0242 0244 0829 1 0.176
30 03 0208 -00924 0.0466 | -0.0299 -0.0307 0.103 1 -0 564
K1 0 0127 0127 0058 -0.0412 00424 0141 1 012
R 0.4 -0249 0191 00384 | -0.043 -00499 0168 1 0247
33 06 0296 -0836 0.0264 029 -0294 0995 1 -0.0485
34 -07 -0879 0179 0032 00578 0.0588 0.198 1 -0.301
K] 03 0626 -0.326 00342 | -0.105 0107 -0 361 1 0178
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Output for LPS Regression (continued).

370

Reweighted LPS E stimates of Regression Parameters

Intercept x1 %2 %3
093 0143 0181 0184
Reweighted LPS Stdv of Estimated Regression Parameters
Intercept | %2 3
013 0.0795 0.0718 0.0505
Reweighted LPS ANOVAT able
Source of Variation SS DOF MS F-Value | P-Value
Regression 8653 3 2884 635 0.0000
Error 3043 67 0.454
Total 895.7 70
R Square 0966
Final Reweighted LPS Scale Estimate 0674
Reweighted LPS Regression Table
Obs # Y Yhat Residuals |  Hatfii] Student | Res/Scale
1 97 3475 0.225 0.063 0346 0335
2 10.1 3671 0423 0.0599 0.657 0637
3 103 1017 0127 0.0857 0197 0183
4 95 10.44 -0.936 0.0805 -1.448 -1.388
5 10 1031 -0.306 00729 | 0471 -0.454
6 10 9893 0107 0.0756 0.165 0158
(The complete regression table is not shown.)
73 04 0.157 0557 00426 0.844 0826
74 09 0215 -0.685 0.05 -1043 -1.016
75 02 0331 0531 0.0621 0813 0788
Final Weighted Correlation M at T
[0 %1 %2 3
[ 1 0939 0346 0.943
x1 0933 1 0385 0977
x2 0946 0985 1 098
%3 0943 0977 098 1
Eigenvalues for Final Weighted Correlation Matmx
Evall Eval 2 Eval 3 Eval 4
00142 00244 0.0762 3885




371

Output for LPS Regression (continued).



Output for LPS Regression.

Data Set used: Bradu (predictor variables p = 3, Minimization Criterion = 0.9 percentile).

Least 0.9 Percentile of S quared Residual R egression

Total Number of Elemental Subsets Searched | 10000 |

Number of Non-Singular Elemental Subsets | 10000

Best Elemental Subset of size 4 Found

y %1 %2 %3
ObsH31 | O 3 14 i o
Obs#32] 04 05 24 03
Obs#3 | 103 107 202 31
Obs#45| 05 19 01 06 T

Best Subset satisfies minimization critenon.

lercentile Squared E stimates of Regrezsion Parameters (Uzing Best

Intercept x1 %2 %3

0951 0167 0171 0134

Stdv of E stimated Regression Parameters {Using Best Subset)

Intercept %1 %2 %3

0554 0.349 0206 0171

Mirimizing 67th Ordered Squared Residual

Value of Minimum Criterion 1664

Approximate Breakdown Value 00933

Unweighted Sigma Estimate based upon LMS Residuals 2991

Initial Robust LPS Scale Estimate (Adusted for dimensionality) 0909

LPS (0.9th) Regression T able Based Upon Best Subset

372

Obs # Y Yhat Residuals | Hat{] |Res/Sigma| Student |Res/Scale| Weghts {C Res™cale

1 97 9573 0127 0.063 00424 00438 0139 1 1502
2 101 9743 0357 00599 0119 0123 0.393 1 1.775
3 10.3 103  |1723E13 00857 |5.760E-14 |6 024E-14 |1 895E-13 1 1334
4 95 1052 -1.024 00805 | -0.342 -0357 1126 1 1.138
5 10 10.41 -0.408 00729 -0.136 0.141 -0 447 1 136

6 10 10 -0.00147 00756 |-4.906E-4 |-5.102E-4 | -000161 1 1527
7 10.8 1002 0783 0.068 0262 0.271 0.861 1 2 006
8 10.3 9637 0663 0.0631 0222 0229 0.729 1 1705




Output for LPS Regression (continued).

(The complete regression table is not shown.)

8 10.3 9637 0663 00831 | 0222 0229 0723 1 1705
g 96 1022 0618 008 0207 0215 | 968 | 1 1204
10 39 9845 0.0552 | 00859 | 00185 | 00193 | DO6O7 [ 1 135 |
1 02 n7 BTN 00942 | -4003 -4 206 1317 0 348
12 a4 1216 1256 0144 | 4199 -4538 1382 70 4165 |
13 07 12.09 1139 0103 | -3807 4034 1253 0 2719
14 01 1329 4319 0564 | -4.408 5673 145 0 169 -
15 04 052 092 00579 | -0.307 0317 1.011 1 0254
16 06 |56698E-4 | 0593 00759 02 0208 0.659 1 0385
17 0.2 0639 0.439 00393 0.147 015 0483 | 1 0287
18 0 00945 | 00345 00231 | 00396 | 00319 | 0104 i 0175
19 01 00122 0112 00312 | 00375 | 0033 0123 7 0.29
20 04 0574 | 0174 00476 | 00582 | 0.053% | -0191 1 0151
21 09 0228 0672 00294 0225 0228 074 1 0299
22 03 00303 027 00457 | 00302 | 00923 0257 1 0.415
23 08 00692 | -0.731 00293 | 0244 0248 0608 1 019
24 07 0244 0944 00261 0316 032 1039 1 0602
25 03 0706 0.406 0.022 0136 0137 0447 1 0136
26 08 0247 | 1047 00318 | 035 -03%6 1152 1 0214
27 07 059 129 00417 | 0431 044 1413 1 0612
) 03 0126 0.426 0.0235 0142 0143 0468 1 0108
29 03 0442 0742 00178 0248 0.25 0616 1 0176
30 03 00288 | 0329 00466 | 011 0113 0362 1 0564
3 0 2146E14 |-215E-14 | 0059 |-7.17E-15 |-7 39E-15 (-2 36E-14 1 012
32 04 04 2520E-14 | 00364 |8425E-15 |8583E-15 |2 772614 | 1 0.247
kK] 06 0119 | 0713 00264 | 0241 0244 0791 i 00485
34 07 0748 0.0484 | 0032 00162 | 00165 | 00533 i 0307
35 03 0559 | 0.259 00342 | 00865 | -0088 02685 1 0178
36 1 0132 | 1132 00231 | 0378 0383 J245 T 1 0,522
37 06 00819 | -0.682 00587 | 0228 0235 55T 0102
38 09 -0.457 1.357 0021 0.454 0.458 1.493 1 0557
3 a7 0367 0333 0035 0111 0113 0366 1 0567
40 05 0294 -0 206 0.03 0069 00701 | 0227 1 00102
£ 01 0453 | 0553 00524 | 0185 013 0608 1 049
a2 o7 -0.206 0454 00554 | 0165 017 0543 1 -0.482
43 06 0197 i 0797 00606 0266 0275 0.877 1 0766
4 07 00561 ; 0.75 00406 | 0253 0258 0832 1 0807
45 05 05 416E14 | 0029 [-139E-14 |1 41E14 |-458E-14 1 0339
46 04 00173 | 0417 00377 | 014 0142 0453 | 1 0634
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Output for LPS Regression (continued).

Reweighted LPS E stimates of Regression Parameters

374

Intercept %1 %2 %3
0.93 0.143 0191 0.184
Reweighted LMS Stdv of E stimated Regression Parameters
Intercept %1 x2 %3
013 0.0795 0.0718 0.0505
Reweighted LPS AHOVA T able
Source of Variation SS DOF MS F-Value | P-Value
Regression 865.3 3 2884 635 0.0000
Error 30.43 67 0.454
Total 835.7 70
R Square 0966
Final Reweighted LMS Scale E stimate 0674
Reweighted LPS Regression Table
Obs # Y Yhat [ Residuals | Hafli] | Student [Res/Scale|
1 97 9475 0225 0.063 0346 0.335
2 101 9.671 0.429 00593 0.657 0637
3 103 1017 0127 00857 0187 0189
4 95 10.44 -0.936 0.0805 | -1448 -1388
5 10 1031 -0 306 0.0728 041 -0.454
6 10 9833 0.107 0.0756 0165 0158
7 108 9,927 0.873 0.068 134 1295
8 10.3 9538 0.762 0.0631 1.168 113
9 96 1013 -0.525 0.08 0812 -0779
10 99 9748 0.152 0.0869 0.236 0.225
ik -0.2 11.68 -11.88 0.0942 -1852 -17.63
12 0.4 12 12,4 0.144 -19.89 -18.4
13 0.7 12.02 -11.32 0.109 1779 1679
14 0.1 13.4 133 0.564 -29.88 -19.74
15 0.4 0497 -0.897 0.0579 1372 -1.332
16 06 -0 0111 0.611 0.0759 0943 0907
17 -0.2 -0.588 0.388 0.0393 0.587 0575
18 0 00736 | -00736 0.0231 -0.11 -0.109
19 01 0.033 0067 00312 010 00934
20 04 0568 -0.168 0.0476 | -0.256 025

(The complete regression table is not shown.)




Output for LPS Regression (continued).

The 75" perceritile minimization criterion finds 14 observations (1, 2, 3,4, 5, 6, 7, 8, 9 and 10) as outliers
and 90" percentile minimization criterion finds four observations (11, 12, 13 and 14) as outliers.
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9.4

I Click Regression » Iterative OLS.

lterative OLS Regression Method

o Fle Edt on igure Ga
Nawgation Panel l 0 1 2 5
Count 4 I el — N
Name J L i y 37 " 3 Tterative OLS
D \Naraim\Scout_Fo 1 1 Bweght I
2 2 101 ¢
. _} Huber -
3 3 103 1 MVT
2 3 35 ¢ prOP T
5 T g 161“ "1t Method Comparison T
2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

If the results have to be produced by using a Group variable, then select a

group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a

group variable.

Click on the “Options” button to get the options window.

B8 IRLS, Options

 Regression Value

Alpha for Residual Qutbers

T

—Number of Regression Iteratons  —
10
[Max = 50]

—Residuals MDs Distibution  —————1
¥ Beta " Chesquare

i~ Intermediate lterstions
& Do Not Display

" Display Every 5th
(" Display Every 4th
" Display Every 2nd
 Display All

r—Identfy Leverage Points

_17 Leverage

[~ Select Leverage Distance Method
€ Classical

" Sequentia Classical

€ Huber

* PROP

€ MVT (Tummng)

Initial Leverage Distances
€ COlassical

" Sequential Classical

£ Robust (Median, 1 48MAD)
@ OKG (MaronnaZamar)

" KG (Nc! Orthogonalized)
" MCD

—Numbet of Leverage lterations ——

T

[Max = 50

rLeverage MDs Distbution ————

* Deta
€ Chisquare

r~Leverage Value(s)

T a—

Leverags Influence Function
Alpha

¥ Display Intervals

Confidence Coefficient

I 095

¥ Display Diagnostics

Cancel

0K I
_ Coreel |

4

o Specify the “Regression Value.” The default is “0.05.”
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O

o

Specify the “Number of Regression Iterations.” The default
is”10.”

Specify the “Regression MDs Distribution.” The default is
“Beta.”

Specify the “Identify Leverage Points.” The default is “On.”

Specify the “Select Leverage Distance Method.” The default is
“PROP.”

Specify the “Number of Leverage Iterations.” The default
is”10.”

Specify the “Leverage Initial Distances” The default is “OKG
(Maronna Zamar).”

Specify the “Leverage Value.” The default is “0.05.”

Click “OK” to continue or “Cancel” to cancel the options.

o Click on the “Graphics” button to get the options window.

B8 OptionsRegsessionGraphics

[V %Y Plots

V¥ ¥ wvsY-Hat

¥ Y vs Residuals

¥ Y-Hat vs Residuals

¥ Residuals vs Leverage

¥ QQ Resduals

o Click *

%Y Plot Title ~Regression Line - Fixing Other Regressors at
IRLS Regression - ¥ vs X Plot
l 9 ¥ Nolmne ¥ Confidence Interval
Y vs Y-HatTitle € Minimum Values [V Piedection Interval

||HLS Regiession - 'Y vs Y-Hat Plot " Mean Values
Confidence Coefficient
Y vs Residuals Title € Maxmum Values

|IHLS Regiession - Y vs Residuals " Zemo Values 035

YY-Hat vs Residuals Title
IIRLS Regression -Y-Hat vs Resid

—Graphics Distnbution

(¢ Beta " Chisquare

Residuals vs Leverage Titls
IIF\‘LS Regiession - Residuals vs U —Residual/Lev Alpha

QQ Residuals Title l 005 0K Cancel I

[IRLS Regiession - Residuals GQ

A

Specify the preferred plots and the input parameters.
Click “OK” to continue or “Cancel” to cancel the options.

OK?” to continue or “Cancel” to cancel the computations.
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Output example: The data set “BRADU.xIs” was used for iterative OLS regression. It
has 3 predictor variables (p) and 75 observations. When the “Leverage” option is on, the
leverage distances are calculated and outlying observations are obtained iteratively using
initial estimates as median and OKG matrix and the leverage option as PROP (i.e., using
PROP influence function). Then the weights are assigned to observations and those
weights are used in finding the regression outliers iteratively. When the leverage option
is off, all observations are assigned one (1) as weights and then the regression outliers are
found iteratively. Finally, the estimated regression parameters are calculated.
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Output for Iterative OLS (Leverage ON with PROP function and OKG initial start).
Data Set Used: Bradu (predictor variables p = 3).

o Regression Analysis Qutput
Date/Time of Computation 4 3/4/2008 950 32 AM

User Selected Options |
D \Naram\Scout_For_Windows\ScoutSource\WaorkDatInE xcef\BRADU
\OFF T -
Iteratve Reweighted Least Squates (IRLS)
;0—65 {Used to Identiy Vertical Regression Duthers)
i10 (Marmum Number f doesn't Converge)
;Idenh!y Leverage Ponts (Outhers in X Space)

PROP
{OKG (Maronna Zamar) Matix
Beta Drstabution used for Leverage Distances based upon Selected Regression (Leverage) Vanables
005 [Used to 1dentify Leverage Ponts) -
10 Maxmum Number f doesn't C;nverge]
INot Sefected
"Not Selected
Not Selected
1Not Selected B
:IRLS Regression - Resrduals QQ Plet
005 (Used n Graphics Residual Bands)
Title Residual v Distance Plot [IHLS Regression - Residuals vs Unsquared Leverage Distance Plot
Show Intermediate Resuts Do Not Display Intermedsate Results
- ilnle!rredjate Results Shown on Another Dutput Sheet
Leverage Points ate Qutliers inX-Space of Selected Regiession Vanables.

From Fie

Full Precision

Selected Regression Method
Alpha for Residual Outbers
Number of Regression lterations

Leverage

Selected Leverage Method

Irutial Leverage Distance Method
T Squared MDs
Leverage Distance Alpha

Numbert of Leverage Iterations
Y vs Y-hat Plot

¥ vs Residual Plot

Y-hat vs Residual Plot

Y vs X Plots

Tile for Residual GQ Plot
Residual Band Alpha

Numbe: of Selecied Regiessin Vandbies, 3 - - o
NumbelobeselvaUms; I& B
- Dependeanauab!el ¥ : ‘% 7 _
Residual Values used with Giaphics Display 1 -
- Upper Residual Indwdual (005)MD| 194 - T
T 7 LowerResdualIndwdual @ 05]MD| 134 I R A 1 T
Correlation Matr | L
v T 2 [«3 i ! N | -
y 1 0946 " 0962 0743 T *'—‘"‘—T* - | T -
®l 0946 1 0973 a708 ’ T
2 0362 0973 1 0757 [
¥3 0743 0708 0757 1 T ] T
Eigenvalues of Correlation M atmx
Evall | Evaz | Evad3 | Evald - '7“f—' T T
00172 | 00556 | 0368 3559 L
Ovdinary Least Sq (OLS)Regr Rewks
Estimates of R P 1 I -
Intercept %1 : 2 { 3 "~ T T T
038 02% | 035 0383 B A
Stdv of Estimated Reg Paramete T )
Intercept x1 *2 x3 1 T T
0416 0262 0155 0129




Output for Iterative OLS (Leverage ON) (continued).

ANOVATable 1 , | '
Source of Variation S§ | DOF | MS [FValue |PValue| |~ [ '
Regression | 5433 3 | 1811 35.77 | 000CO i | |
“Emor | 3595 Zl | 5063 | "I I ﬂl" T i ”"*—I
Total 3028 74 ] | ! |
| L DO DR
R Square Esltrnft:es _UEU_Z_ ! i o | o _!
MAD Based Scale Estmates] 1 067 ‘ ] L "‘I
‘Weighted Scale Estimates 225
QR Estmates] 1468 | { T T
Det of COV[Regression Coefficients] Matiix|5.5107E-8 T
Regression ParametersVector Estimates T
“Intercept %1 %2 3 T
""00I05 | 00624 | 00119 | -0.107 Uy T
T — -
Stdv of Hegression E stimates Vector
Intercept %1 %2 3 __ ) P
0197 | 00683 | 00684 | 00713 I
|
ANOVYA Table i
Source of Variation 58 DOF MS F-Value | P-Value
Regression 0838 | 3 0.299 094 | 04272 I
Error 1814 57 0318 T
Total 1904 60
R Square Estimates| 00472 T T
MAD Based Scale Estimates| 0 902 I
Weighted Scale Estmates) 0564 | O
" individual MO 73 T T T
IQR Estmates; 1236 I
Determinant of i_everage S Matix]  1.357 T
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Output for Iterative OLS (Leverage ON) (continued).

i.evelage IJ btion Regression TdJle

(The complete regression table is not shown.)

Obs | YVector [ Yhat | Residuals | Halid [Res/Scale {Stude™Res| Wisll | ResDist | LevDist [OLS A™ist
T T e 237 ) mar | oos3 | 205 2"1’7?“')5"3‘64?1'1‘3'“"21”03' | 2944 | iE0Z
2 101 2 265 1236 00599 | 2192 2261 |TO7EA3 | 21.92 3021 1775
3 103 2418 1272 00857 | 2254 2358 [18BGE14 | 2254 , 3189 | 1334
4| 95 28628 | 1203 | D0Os05 | 21.32 223 6SMEI5 | 2132 | 28 | 1138
ST O L O o B B L L SO
3 10 227 1222 00756 | 2166 2252 '7228E14 | 7166 3059 1527
7 108 2.219 1302 0053 2308 | 239 [6o7eE-14 | 2308 | 3088 | 2008
8 103 | 224 1254 00631 | 2223 | 2297 ii.@ﬁ-ﬁ B ¥x) 288 | 1705
] 96 2475 1207 008 214 2232 [1768E-14 | 214 KIS 1204
10| "33 2437 1234 | 00869 | 2187 | 2289 |5017E14 | 2187 3094 135
11 02 2782 2582 00342 | 4577 | 4809 |1424E16 | 4577 564 348
12 04 2.946 2546 | 0144 4513 | 4677 |3684E-17 | 4513 3786 | 4165
13 07 2885 7|7 3288 [ 0T09 | B83 [ BA77 10s3E6 | 583 | F®I2 | A9
T 0.1 2556 2666 | OB6d | 4708 | 727 17476648 | 4708 | 4109 189
15 04 005 | 0412 00579 | 073 | 0792 1 073 2002 0.294
36 06 0177 0423 | 00759 | 075 | 078 | 1 075 2165 | 0388
17 02 00128 0167 00393 | 0332 | 033 | 1 0.332 19387 0287
18 0 0.0619 00673 | 0.0231 0 BOEER 1 omn 0786 | 0175
13 A 00371 0197 [ 00312 | (3437 G35 | 1 | 0343 1287|025
70 ‘04 00119 0412 | 00476 0.73 0.748 1 073 20687 0.151
21 09 [ 00253 0925 | 00294 | "164 | 1885 | 1 | s’ 1059 | ~'0.259
2 3 | 0im 0.451 00457 | 0793 0818 1 1 0799 1.745 0415
23 08 00567 | -0.856 002937 1518 | 154 i 1518 1.163 019
T 07 | 00446 | 0655 | 00261 1162 1 1177 i 1.162 1317 | 0602
s 03 000912 | 0309 0022 | 0548 | -0554 |~ 1| 0548 | 1986 0136
2% 08 | 0182 0618 00318 | 9085 | 1113 1 | 10% 1706 | 0214
27 07 0085 0615 00417 | 109 1114 i 109 | 1934 | 0612
) 03 0703 | 0403 00235 0.714 0.722 T 0714 1036 | 0108
23 0.3 00105 0.3t 00i78 | 055 | 0855 | 1 055 1136 | 0176
300 | 03 | 0297 |-000301 | 00466 | 0016 00164 | 1 0016 2111 0564
31 0 00926 | -00926 0059 | 0164 | 0763 | 1 | 0168 1715 012
32 [ 04 | Go6173 | 0417 00364 { 074 | 0754 1 ow | 1763 0247
33 08 00404 | 056 00264 | 0832 | 1.G05 | 1 0.932 1277 00485
3 07 | 00604 | 064 | 0032 | AT | qa182 | "1 ] 113 | 2082 0301
35 03 0103 | 0409 00342 0726 | 0738 | 1 | 07> 1865 |~ 0178
T3 3| D204 | 07s6 | 00231 | .41 | 437 T 114 1144 | 052
37 | 06 | 8247 | 033 | 00587 | 0626 | 0846 | 1 0626 | 2014 | 0102
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Output for Iterative OLS (Leverage ON) (continued).

THE BREAKBETWEEN LEVERAGE AND REGRESSION IS HEHEI

" Results| Flom the Hegress:on [lperahm o

o Regression Parameters Vector Estimates | T
Intercept l N 1 x27jﬁ ¥3 T e ST T T
D18 0084, 00399 | 00517 1 | o T ] : ;
Stdv of Hegressi;ﬁ Estimates Vector )
“Intercept | %2 3 ] I e
0704 | 00867 | 00405 | 00354
ANOVAT able
Souice of Variation ' SS DOF MS F-Value | PValue | o T
Regression | 0847 | 3 0282 | 0509 | 0.4421 Ty T
Error ] 18 94 g1 g3
Total ol | 1979 64 T o
B R Square Estmates' 00428 ] T
MAD Based Scale E stimates| 0845 - -
- W_ei‘gﬂt_éd—gizéle Estimates 0557 ]
IndvidualMD[0) 7 346 o T
IQR Estimates|  1.132 [ B
Det. of COV{Regression Coefficients] Matiix! 2531E-12 B [ N
T
Regression Table
Obs Y Vector Yhat Resduals | Hatlii] |Res/Scale Stude™ Res| Wits{] | Res Dt
1 g7 00386 | 9738 0063 1748 18106 0 17 48
) 101 | 00825 1018 | 00589 | 1827 1865 0 1827
3 103 0105 | 104 00857 | 1867 1953 0 1867
4 95 0.155 9655 | 00805 | 1733 18.07 0 1733 ]
5 10 0107 1011 00729 | 1814 | 1864 0 1812
6 ]‘1’6 | 000373 | 99% | 0075 | 1794 | 1866 | O 7s | T
7 |08 000449 | 108 0.068 1937 20,07 0 19.37
8 ]7103 00807 | 1038 00631 | 1863 | 1825 | 0 1883 | ]
9 |7 98 0167 9767 0.08 1753 1827 0 17.53
10 r’sTs' 0.203 101 DOSES | 1813 | 1898 | © 813 | T
| 02 7|01 | 0041 | 00342 | 015 | il | 1 0115 | - 1

(The complete regression table is not shown.)
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FinalWeighted Correlation M atmx
Y #1 %2 #3
Y 1 0.89 097 0.083

¥l 0.89 1 0.961
K2 0917 0% 1
x3 00893 | 0063 002 1

Eigenvalues of Final Weighted Correlation Matix
Eval1 Eval 2 Eval 3 Eval 4
0.035 0117 0.997 2851

Output for Iterative OLS (Leverage ON) (continued).

Standardized Residuals

IRLS Regression - Residuals QQ Plot

na

3
B

&
e
-

-
5 _‘.MM
or dat

g .--""""“

477 [FovosI- 1 -

0051 = +1 54

a4 o1 08 "
Normal Quantiles
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IRLS Regressicn - Residuals vs Unsquared Distance Plot

a2 [ MO0 05] = +2 74
-
- -
d’ )
[
182
]
H
£
o
®
§ 62
firciv-Res[0.05) = +1.94
-y -
) .
S 3%
- -
a, Wit
-““ - L -
F Y
@H--'Q‘ » ‘ﬁn
Vi [MsxDp05]= <3 9%
02 12 22 32 42 52 62 70
Unsq Leverage Di

Interpretation of Graphs: Observations which are outside of the horizontal lines in both of the graphs are
considered to be regression outliers. The observations to the right of the vertical lines are considered to be
leverage outliers. Observations between the horizontal and to the right of the vertical lines represent good

leverage points.

Question: What are really bad leverage points for this data set in the context of a regression model?

Answer: There are contradictory opinions in this respect. So far as outliers are considered, several
methods (e.g., MCD, PROP) can identify all of the 14 outliers present in this data set. However,
observations I through 10 should be considered to be good leverage points as they enhance the regression
model and increase the coefficient of determination. Without those 10 points, fitting a regression model to
the rest of the 65 points is meaningless. Observations 11 through 14 are outliers and bad leverage points.
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Date/Time of Computation

Output for Iterative OLS (Leverage OFF).

;Regression Analysis Output

3/4/2008 9 54 08 AM

User Selected Options

From File

D:\Naran\Scout_For_Windows\ScoutSourceA\WarkD atinE xcel\BRADU

Full Precision

OFF

Selected Regiession Method

Iterative Reweighted Least Squares (IRLS)

Alpha for Residual Quthers

005 [Used to ldentfy Vertical Regression Qutfiers)

Number of Regression Iterations

10 (Maximurn Number if doesn't Converge)

Leverage

otf

Y vs Y-hat Plot

Not Selected

Y vs Residual Plot

Not Selected

Y-hat vs Residual Plot

Not Selected

Y vs X Plots

Not Selected

Title for Residual GQ Plot

IRBLS Regression - Besiduals QQ Plot

Residual Band Alpha

005 (Used n Graphies Residual Bands)

Title Residual vs Distance Plot

IRLS Regression - Residuals vs Unsquared Leverage Distance Plot

Showi Intermediate Results

Do Not Display Intermediate Results

Intermediate Results Shown on Ancther Output Sheet

Number of Selected Regression Vanables) 3

Number of Observatons; 75

Dependent Variable| y

ResidualValues used with Graphics Display

Upper Restdual Indvidual (0 05) MD 194

Lower Residual Indvidual [0 05)MD|  -1.94

Correlation M atrix

y 1 %2 %3
y 1 0946 0962 0743
1 0946 1 0979 0708
%2 0962 0979 1 0757
%3 0743 0708 0757 1

Eigenvalues of Cornrelation M atrix

Evat1 Eval2 Eval 3

Eval 4

00172 00556 0368

3553
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Output for Iterative OLS (Leverage OFF) (continued).

386

Ordinary Least Sq;

(OLS])Reg

E stimates of Regression Parameters

Intercept ®1 %2 %3

0388 0239 0335 0383

Stdv of E stimated Regression Parameters

Intescept 1 %2 %3

0416 | 0362 0155 0123 |

ANOVA Table
Source of Variation SS DOF T MS | fValue | P-Value
*_ Regression | 5433 3 1811 3577 | 00000
Enor | 3535 7 5.063 B
Total 9028 74

"R Square Estmat 0602

MAD Based Scale Estmmate; 1067

Weighted Scale Estmate} 225

1QR Estimate of F!esmiualsj 1468

Det. of COV[Regression Coefficients] MatnxlS 5107E8 |

Final Reweighted Regression Results

Estimates of Regression Parameter i T I e
Intescept x1 %2 %3
0388 0239 | 033% 0.383 I I
1
Stdv of Estimated Reg Parameters
Intescept x1 %2 %3
0416 0262 0159 0129
T T " TANOVATable - T I
Source of Variation SS DOF T MS F-Value | P-Value
Regression 5433 3 1911 3577 0.0000
Emnor 3995 71 5063 i
Totat 802.8 74
R Square Estimate] 0602
T MAD Based Scale Estimate] 1067
Weighted Scale E stimate 225
IQR Estimate of Resncb.:alsl 1468
Det. of COV[Regression Coefficients] MatnxlS 5107E-8
Regression T able
Obs Y Vector Yhat Resduals | Hafi)] [Res/Scale [Stude™ Res' Wis[i] Res Dist
1 37 632 | 338 0083 1502 1582 1 1502
2 101 6105 3995 00539 1775 1831 1 1775
3 103 7297 3003 00857 1334 139% 1 1334
4 35 6939 2561 |- 00805 1138 1187 1 1138
5 10 6333 3061 007239 136 1413 1 136

(The complete regression table is not shown.)




Output for Iterative OLS (Leverage OFF) (continued).

IRLS Regression - Residuals Q@ Plot
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 Standardized Residuals
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-288
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-4.48

29 -24 18 14 08 08 11 15 21 28

04 01
Normal Quantiles

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graph are
considered to be regression outliers. The Leverage Distances vs. Standardized residuals plot is not
produced. The sequential classical method failed to identify all of the regression outliers.

9.5 Biweight Regression Method

1. Click Regression P> Biweight.
™ scout 4.0 - [D:\NarainiScout_For_Windows\ScoutSourceAWorkDatinExce BDEFINE]
ol File Edt Configure Data Graphs Stats/GOF Outliers/Estimates [l Multivariste EDA GeoStats Programs Window Help
Mavigation Panel | 0 1 2 oLs 5 6 y o o]
J | i % | LMS | |
Name 3 | Iterative OLS
D:\Marain\Scout_Fo. .. 1]
2 ! Huber
3 2 MyT
4 2 PROP
5 12 4 Method Comparison
. The “Select Variables™ screen (Section 3.3) will appear.
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o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o If the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options” button to get the options window.

Biweight Options

—Regression Value ——————— r~Identify Leverage Pomts — 7 —Inihal Leverage Distances )
l—s—‘— ¥ Leverage € Classical [V Display Intervals
Residual Scale Turing Constant "‘Select Leverage Distance Method — " Sequential Classical Condidence Cosficient
© Classical £ Robust [Median, 1 48MAD) 0%
(o ti
Sequertial Classicel & OKG [Maronna Zamar)
~Number of Regression lterations € Huber ) i
10 7 KG (Neot Qrthogonalized) [¥ Display Diagnostics
 PFROP
[Max = 50] © MOD
- - C MVT (Trimming)
~Resduals MDss Distribution
© Beta ¢ Chisquae —Number of Leverage lterations ~——
r~Intermediate lterations ————— l 10 [~ Leverage Valuels]
¢ Do Not Disphay [Max =50]
" Display Every Sth 0K
e Leverage MDs Distnbution ——— | 0.05 ————j
" Display Every 4th
@ Bela Leverage Irilre}:\ce Function
€ Display Evety 2nd bha
Cancel
-
™ Display Al Chisquare __—J
ZA

o Specify the “Regression Value.” The default is “4.”

o Specify the “Number of Regression Iterations.” The default is
C510-9’

o Specify the “Regression MDs Distribution.” The default is
“Beta.”

o Specify “Identify Leverage Points.” The default is “On.”

o Specify the “Select Leverage Distance Method.” The default is
“PROP.”

o Specify the “Number of Leverage Iterations.” The default
is”10.”
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o Specify the “Leverage Initial Distances” The default is “OKG
(Maronna Zamar).”

o Specify the “Leverage Value.” The default is “0.05.”
o Click “OK” to continue or “Cancel” to cancel the options

o Click on the “Graphics” button to get the options window.

ES OptionsRegressionGraphics

%Y Plot Title —Regression Line - Fixing Other Regressors at
¥V XY Plots
B ht A - ws X Plot
| Bweight Regression - v % Noline [V Confidence Interval
) -
¥ ¥ vs'Y-Hat Y vsr-HatTitle Mrimum Values ¥ Piedection Interval
IBlwexghl Regression - Y vs Y-Hat " Mean Values
Confidence Coefficient
[ Y vs Residual Y vs Residuals Title " Maximum Values S
vs hesiduals {Bweight Regression - Y vs Residu " ZeroValues
‘Y-Hat vs Residuals Title . A
r—Graphics Distribution
IV 'Y-Hat vs Residuals [Biweight Regression - Y-Hat vs R
¥ Beta " Chisquare

Residuals vs Leverage Title
[Blweight RegressionliResiduals vs —Residual/Lev. Alpha

QQ Residuals Title I 005 0K Cancel I

IB iweight Regression - Residuals Q

V¥ Residuals vs Leverage

¥ QQ Residuals

A

o Specify the preferred plots and the input parameters.
o Click “OK?” to continue or “Cancel” to cancel the options

o Click “OK?” to continue or “Cancel” to cancel the computations.

Output example: The data set “DEFINE.xIs” was used for Biweight regression. It.has 1
predictor variables (p) and 26 observations. When the “Leverage” option is on, the
leverage distances are calculated and outlying observations are obtained iteratively using
initial estimates as median and OKG matrix and the leverage option as PROP (i.e., using
PROP influence function). Then the weights are assigned to observations and those
weights are used in the finding the regression outliers iteratively. When the leverage
option is off, all observations are assigned one (1) as weights and then the regression
outliers are found using the Biweight tuning constant iteratively. Finally, the estimated
regression parameters are calculated.
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Output for Biweight (Leverage ON).
Data Set Used: Define {predictor variables p = 1).

i Regression Analysis O utput
Date/Time of Computaton  |3/472008 10 03 07 AM

User Selected Options
Fiom File |D \Naran\Scout_For Wmndows\ScoutsourceN\workDallnExceNDEFINE

Full Precision |OFF

Selected Regression Method | Bryveight

Residual Biweight Tuning Constant |4 {Used to Identfy Vertical Regression Outhers)

Number of Regression lterations |10 (Maximum Number f doesn't Converge)

Leverage |Identfy Leverage Points (Qutliers in X-Space)

Selected Leverage Method {PROP

Inttial Leverage Distance Method |OKG [Maronna Zamar) Matnix

Squared MDs |Beta Distrbution used for Levetage Distances based upon Selected Regression (Leverage) Vanables

Leverage Distance Alpha [0 05 (Used to Identify Leverage Pomts)

Number of Leverage lterations {10 (Maxmum Number § doesn't Converge)

Y vs Y-hat Plot |Not Selected

Y ws Aesidual Plot |Not Selected

Y-hat vs Residual Plot  {Not Selected

Tile For'Y vs X Plots | Bweight Regression - Y vs X Plot

Title for Residual QQ Plot  [Biweight Regression - Residuals QQ Plot

Residual Band Alpha {0 05 (Used in Graphics Residual Bands)

Title Residual vs Distance Plot |Biweight Regression - Residuals vs Unsquared Leverage Distance Plot

Show Intermediate Results |Do Not Display Intermediate Results

Intermediate Results Shown on Another Quiput Sheet

Leverage Points are Dutliers inX-Space of Selected Regression Vanables.

T

Number of Selected Regression Yanables| 1

Number of Observations| 26

Dependent Vanable] Y

ResidualValues used with Graphics Display

Upper Residual Indvidual (0 05) MD 1903

Lower Residual Indvidual (0 05)MD| -1 903

[ | , -

Correlation Matric
¥ X )
Y 1 0218
X 0218 1
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Output for Biweight (Leverage ON) (continued).

Eigenvalues of Correlation M atrt

Evall Eval 2

0782 1.218

Ordinary Least Squares [OLS) Regression Results

E stimates of Regression Parameters

Intercept X |
22.06 0256
Stdy of E stimated Regression Parameters
Intercept ®
4107 0233
ANOVATable
Source of Variation 5S DOF MS F-Value | P-Value
Regression 2249 1 2249 1.202 0.2838
Emor | 4430 24 187.1
Total | 4715 25

R Square Estimate|  0.0477

MaD Based Scale Estimate 8.862

Weighted Scale Estimatel 1368

|IQR Estimate of Residuals! 2579

Det. of COV[Regression Cosfficients] Matnz 0.391

Initial Weighted B egression Iteration with | dentified Leverage Ponts

E stimates of Regression Parameters

Intercept ®

22.06 0.256

Stdv of E stimated Reqression Parameters

Intercept X

4107 0.233
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Output for Biweight (Leverage ON) (continued).

ANOVATable
Source of Variation SS DOF MS F-Value | P-Value
Regression 2249 1 224.9 1.202 02838
Emor | 4490 24 1871
Total | 4715 25 -
A Square Estimate| 00477 T a
MAD Based Scale Estimate| 8862
Weighted Scale Estimate| 13.68
Unsquared Leverage Distance Indiv-MD(0.05)]  1.903
IQR Estimate of Residuals] 2579
Determinant of Leverage S Matix| 137.6

Regression T able with Leverage Option

392

(The complete regression table is not shown.)

Obs Y Vector Yhat Residuals | Hatl)] | Res/Scale {Stude™ Resl Wits[u] Res Dist | LevDist. |OLS R™st
1 6 22.32 116 32 00827 <1193 -1.246 1 1.193 1052 1.193
2 85 22.32 -13.82 0.0827 10 -1.055 1 1.01 1052 1.01

3 85 2258 1408 0.0758 1029 -1.07 1 1.029 0966 1.023
4 10 2258 1258 00758 0919 -0 556 1 0.919 0966 0919
5 12 23.09 1109 0.0638 081 0.838 1 081 0.796 o8n
6 40 2308 1691 00638 1237 1278 1 1237 0.7% 1237
7 425 2309 1941 00638 1.419 1467 1 1419 0.796 1418
8 45 2334 21.66 00587 1.583 1.632 1 1.583 0711 1.583
9 50 2334 2666 0.0587 1948 2.009 1 1.949 am 1.949
10 13 2309 -10.08 00638 0737 0762 1 0737 079 0737
1 14 23.09 -9.086 00638 -0.664 -0687 1 0.664 0.796 0.664
12 17 2334 -6 342 00587 0464 -0.478 1 0.464 oM 0.464
13 174 2334 5942 00587 0434 0 448 1 0434 0.711 0434
14 22 24.62 -262 00417 0192 -0196 1 0182 0.284 0.192
15 24 2462 062 0.0417 | -00454 -0.0463 1 0.0454 0.284 00454
16 25 24.62 038 0.0417 00277 00283 1 00277 0.264 00277
17 425 27.18 15.32 0.0514 112 1.15 1 1.12 0.568 112
18 43 27.18 1582 00514 1.157 1188 1 1.157 0568 1157
13 441 2769 16.41 00603 12 1.238 1 12 0.739 12
20 453 2782 17.48 00629 1278 132 1 1278 0781 1.278
21 20 2973 9734 0.119 0.712 -0758 1 0.712 1421 0.712
22 22 2973 7.734 0119 -0 565 -0.602 1 0.565 1.421 0.565
23 21 2939 839 0129 -0657 0704 1 0657 1.506 0.657
24 23 3025 -7245 014 -053 -0571 1 053 1.591 053



Output for Biweight (Leverage ON) (continued).

Final Reweighted Réglession Results
Estimates of Regression Parameters
Intercept x
1164 0358
I -
Stdv of E stimated Regression Parameters
Intercept X
1372 | 0089 1
ANOVATable
Source of Variation SS DOF MS F-Value | P-Value
Regression | 345 B 2545 | 00002
Error | 1733 1325 1308 h |
Total 5193 1425
R Square Estmate} 0 666
MAD Based Scale Estimate) 7 635
Weighted Scale Estimate} 3617
IQR Estimate of Residuals: 2553
Det of COV[Regression Coefficients} Matnk| 000416
Regression T able
Obs Y Vector Yhat Residuals | Hatli] |Res/Scale |Stude™ Res| Wisli] ResDist.
1 5 1199 -5993 00827 | -1657 173 0678 1657
2 85 1193 -3493 D082z | -0S66 -1008 0883 0966
3 85 1235 -3852 00758 | -1.065 -1.108 0853 1065
4 10 1235 -2 352 00758 | 065 -0676 0.946 065
5 12 1307 -1 068 00638 | -0295 -0305 0989 0295
B 40 1307 2693 0.0638 7.446 7696 0 7.446
7 425 1307 29.43 00638 8.138 841 1} 8138
8 45 1343 3157 00587 873 8.998 0 873
9 50 1343 36.57 00587 10.1 1042 0 1011
10 13 1307 -0 0681 00638 | 00188 | 00185 1 00188
1 14 1307 0932 00638 0258 0266 | 0952 0258

(The complete regression table is not shown.)

FinalWeighted Correlation M atmx
Y X
Y 1 0867
X 0867 1

Eigenvalues of Final Weighted Correlation Matr:
Eval1 Eval 2
0133 1867
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Output for Biweight (Leverage ON) (continued).
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Output for Biweight (Leverage ON) (continued).

Gl dimireshandotdd

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graphs are
considered to be regression outliers. The observations to the right of the vertical lines are considered to be
leverage outliers. The regression lines are produced since there is only one predictor variable.
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Output for Biweight (Leverage OFF).

Hegressio.n Analysis l]ll]:l.t

Date/Time of ifomputalion

(37572008 7:3834 AM

User Selected Options

FromFile [D \Narain\Scout_For_Windows\ScoutSouce\WorkD atinE xce\DEFINE
Full Precision |QFF
Selected Regression Method  |Biweight

Residual Biweight Tuning Constant

Number of Regression Iterations

10 (Maximum Number if doesn't Converge)

Levetage |Off
Y vsY-hatPlot [Not Selected
Y vs Residual Plot  |Not Selected
Y-hat vs Residual Plot  |Not Selected

Title For Y vs X Plats

Biweight Regression - Y vs X Plot

Title for Residual QQ Plot

Biweight Regression - Residuals QQ Plot

Residual Band Alpha

0.05 [Used in Graphics Residual Bands)

Residual vs Distance Plot

Not Selected

Show Intermediate Results

Do Not Display Intermediate Results

4 {Used to ldentify Vertical Regression Outliers)

Intermediate Results Shown on Another Jutput Sheet

Number of Selected Regression Vanables

Number of Observations| 26

Dependent Variable

Residual Values used with Graphics Display

Upper Residual Indvidual (0.05) MD 1.903

Lower Residual Indvidual (0.05) MD{  -1.903

| |

Comrelation Matret

X

1 0218

0218 1

Eigenvalues of Correlation

Evall Eval 2

0782 1.218
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Output for Biweight (Leverage OFF) (continued).

Ordinary Least Squares (OLS)Regression Resuks

E stimates of Regression Parametess T
Intercept | x 7
2206 . 0256
Stdv of E stimated Regression Parametess
Intercept x
4107 | 0233
ANOVA T able )
Source of Yariation SS DOF MS F-Value | P-Value
Regression 2249 1 2249 1.202 0.2838
Emor | 4490 24 1871
Total 4715 25
R Square Estimate| 00477
MAD Based Scale Estimate 8.862
Weighted Scale Estimate] 13.68
IR Estmate of Residuals)y 2579
Det. of COV[Regression Coefficients] Matrix 0.391
Final Reweighted Regression R esults
E stimates of Regression Parameters
Intercept b
1164 0358 -
Stdv of E stimated Regression Parameters
Intercept X
1.372 (0.0696
ANOVATable
Source of Yaiiation 5SS DOF MS F-¥Yalue | P-Value
Regression 346 1 346 26 45 0.0002
Emor 1733 1325 13.08
o Total | 5193 1425
R Square Estimate 0.666
MAD Based Scale E stimate 7695
Weighted Scale Estimate 3617
IQR Estimate of Residuals)  25.53
Det of COV[Regression Coefficients] Matix| 000416
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Output for Biweight (Leverage OFF) (continued).

398

Regression T able

Obs Y Vector Yhat Residuals | Hatfii] | Res/Scale |Stude™ Res! Wts[ii] | Res Dist.

1 6 11.99 -5.993 0.0827 | -1.657 -1.73 0.678 1657

2 85 11.8\9 -3.493 0.0827 | -0.986 -1008 0883 0.966

3 85 12.35 -3.852 0.0758 | -1.085 -1.108 0.859 1.065

4 10 1235 -2.352 0.0758 | -0E5 -0.676 0.946 0.65 .

5 12 13.07 -1.068 00638 | -0.29 -0.305 0.989 0295

6 40 13.07 2693 0.0638 7.446 7.696 0 7.446

7 425 13.07 29.43 0.0638 8138 8.41 0 8138

8 45 13.43 31.57 0.0587 873 8.938 0 873

9 50 1343 36.57 0.0587 101 10.42 0 10.11
10 13 1307 -0.0681 0.0638 | -0.0188 | 00195 1 0.0188
11 14 13.07 0932 0.0638 0.258 0266 0.992 0.258
12 17 13.43 3574 0.0587 D388 1.018 0.879 0.988
13 17.4 13.43 3974 0.0587 1099 1.132 0.851 1.099
14 22 16.22 £.783 0.0417 1.875 1.916 0.539 1.875
15 24 15.22 8783 0.0417 2428 2.481 0.386 2428
16 25 1522 8.783 0.0417 2.705 2.763 0.281 2.705
17 425 18.8 237 0.0514 6.553 6.728 D 6.553
18 43 18.8 242 0.0514 6.691 6.87 0 6 691
19 441 1952 2458 0.0803 6.797 7.012 0 6.797
20 453 19.7 256 0.0629 7.079 7.313 0 7.079
21 20 22.38 -2.382 0.1 8 -0.659 -0.702 0.945 0.659
22 22 22.38 -0.382 0.118 -0.1086 -0.113 0.999 0108
23 21 22.74 -1.74 0.129 -0.481 -0.516 097 0.481
24 23 231 -0.0984 0.14 -0.0272 | -D.0293 1 . 00272
pic) 225 2281 -0.312 0.131 -00862 | -00925 0.999 0.0862
26 24 231 0.902 0.14 0249 0.269 0.992 0.243

Final Weighted Correlation M atrt
Y X
Y 0.867
X 0 867 1
Eigenvalues of Final Weighted Correlation Matr:

Evall Eval 2

0133 1.867




Output for Biweight (Leverage OFF) (continued).

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graph are
considered to be regression outliers. The Leverage Distances vs. Standardized residuals plot is not
produced even if checked on. The regression lines are produced since there is only one predictor variable.

399



9.6 Huber Regression Method
1. Click Regression B Huber.

QQ, Fle Edt Configure Data Graphs Stats/GOF OutliersfEstimates f‘{eg,re;sfon Multivanate EDA  GeoSte

3] Scaut 4.0 - [D:\Narain\Scout_Fon_Windows\ScoutSource\WorkDatInExce \STARELS. xls])

Navigation Panel I 0 1 2 oLs 5
S ] ) LMS
ame ! £33 Iterative OLS
DANaram\Scout_Fo . LI S - Biweight ==
IR O R R -
CI I I MVt ,
4 456 574 PROP "
5 | 43 519 Method Comparison T
2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o If the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options” button to get the options window.

¥ Huber, Qptions _
—RegressionValug ———————— —!dentdy Leverage Points Intid Leverage Distances
| 0.05 ¥ Levelage " Classical W' Display Intervais
Residudl Influence Function Apha —Select Leverage Distance Method " Sequental Classical Conf Coefhcrent
€ Classical € Robust (Median, 1 48MAD) [0
c al
Sequential Classica & OKG (Maronna Zamai)
i~ Number of Regression Iterations  — € Huber
T  KG (Not Onthogonalzed] [¥ Display Diagnostics
¢ PROP
[Max = 50]  MCD
; € MVT (Tumming)
rResiduals MDs Distubution ———
& Beta (" Chisquare —Number of Leverage lterations —
r~Intermediate Iterations —————— | 10 [Leverage Vauels)
& Do Not Display [Max = 50]
" Dusplay Every Sth 0K |
—Leverage MDs Distibution l 005
 Display Every 4th )
& Beta Levetage InthJDie:\ace Function
 Display Every 2nd I
Cancel
(e
€ Display Al Chsquare A

o Specify the “Regression Value.” The default is “0.05.”
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o Specify the “Number of Regression Iterations.” The default
is”10.”

o Specify the “Regression MDs Distribution.” The default is
“Beta.”

o Specify the “Identify Leverage Points.” The default is “On.”

o Specify the “Select Leverage Distance Method.” The default is
“PROP.”

o Specify the “Number of Leverage Iterations.” The default
is”10.”

o Specify the “Leverage Initial Distances.” The default is “OKG
(Maronna Zamar).”

o Specify the “Leverage Value.” The default is “0.05.”
o Click “OK?” to continue or “Cancel” to cancel the options.

o (lick on the “Graphics” button to get the options window.

Gl thionngg;essiQnﬁsqphics

%Y Plot Title Regression Line - Fixing Other Regressors at
¥ XY Plots l Huber Regression - Y vs X Plot
C Nolmne ¥ Confidence Interval
© Mii
M ¥ vsY-Hat Yvs Y‘H atTitle inimumValues 15 predection Interval
|Huber Regression - Y vs Y-Hat Pl & Mean Values
- ) Confidence Coefficient
Y vs Residuals Title Maximum ¥ alues
v
I Y vs Residuals lHuber Rearession - Y vs Residual  ZeroValues 035
Y-Hat vs Residuals Title -
—Graphics Distrbution
M Hat vs Residuals [Huber Regression - Y-Hat vs Resi
(¢ Beta ¢ Chisquare

Residuals vs Leverage Title
!Huber Regression - Residuals vs Residual/Lev. Alpha

I 0.05 0K ] Cancel J

¥ Residuals vs Leverage

I~ QQ Residuals

Vi

o Specify the preferred plots and the input parameters.
o Click “OK” to continue or “Cancel” to cancel the options.

o Click “OK?” to continue or “Cancel” to cancel the computations.
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Output example: The data set “BRADU.xIs” was used for Huber regression. It has 3
predictor variables (p) and 75 observations. When the “Leverage” option is on, the
leverage distances are calculated and outlying observations are obtained iteratively using
initial estimates as median and OKG matrix and the leverage option as PROP (i.e., using
PROP influence function). Then the weights are assigned to observations and those
weights are used in the finding the regression outliers iteratively. When the leverage
option is off, all observations are assigned one (1) as weights and then the regression
outliers are found using the Huber function iteratively. Finally, the estimated regression
parameters are calculated.

Output for Huber (Leverage ON).
Data Set Used: Bradu (predictor variables p = 3).

Date/Time of Computation

3/5/2008 751 39 AM

User Selected Options

From Flle

D \Narain\Scout_For_Windows\S coutSource\WorkD atinE xceNBRADU

Full Precision

GFF

Selected Regression Method

Huber

Residual Influence Function Alpha

005 (Used to Identify Vertical Regression Outlers)

Number of Regression lterations

10 (Maximum Number if doesnt Converge)

Levelage

Identfy Leverage Points {Outhers in X-Space]

Selected Leverage Method

PRGP

Initial Leverage Distance Method

0KG (Maronna Zamar) Matret

Squared MDs

Beta Distnbution used for Leverage Distances based upon Selected Regression (Leverage]) Vanables

Leverage Distance Alpha

0.05 (Used to Identfy Leverage Poirts)

Number of Leverags lterations

10 (Maximum Number if doesnt Converge)

Y vs Y-hat Plot

Not Selected

Y vs Residual Plot

Not Selected

Y-hat vs Residual Plot

Not Selected

Title For 'Y vs X Plots

Huber Regression - Y vs X Plot

Title for Residual GQ Plot

Huber Regression - Residuals QQ Piot

Residual Band Alpha

005 (Used n Graphics Residual Bands)

Title Residual vs Distance Plot

Huber Regression - Residuals vs Unsquared Leverags Distance Plot

Show Intermediate Results

Do Not Display Intermediate Results

Intermediate Results Shown on Another Output Sheet

Leverage Points are Butliers in X-Space of Selected Regression Vanables.

Number of Selected Regression Vanables} 3

Number of Ubservallons: 75

Dependent Vanablel y

Residual Values used with Graphics Display

Upper Residual Indvidual (0 05) MD 1.94
Lower Residual Indvidual (005)MD| -1 94
Conelation Matrot !
v x1 %2 ®3
¥ i 0346 0562 0743
x1 0946 ] 0979 0708
TR 0962 0979 1 0757
<3 0743 0708 0757 ]
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Output for Huber (Leverage ON) (continued).

Eigenvalues of Comrelation M atm:

Evall Eval 2 Eval 3 Eval 4

0.0172 0.0556 0.368 3559

Ordinary Least Squares (OLS) Regression Results

Estimates of Regression Parameters

Intercept | ®2 ¥3

-0.388 0239 0335 0.383

Stdv of Estimated Regression Parameters

Intercept x1 %2 ®3

0.416 0.262 0155 0.129

ANOVATable
Source of Yariation 55 DOF MS F-¥alue | P¥alue
Regression 543.3 -3 181.1 35.77 0.0000
Ermor 3595 71 5.063
Total 902.8 74
R Square Estimate 0602
MAD Based Scale Estimate 1.067
Weighted Scale Estimate| 2.25
QR Estimate of Residuals]  1.468
Det. of COV[Regiession Coefficients] Matrix{5.5107E-8

Initial Weighted Regression lteration with ldentiied Leverage Points

E stimates of Regiession Parameters

Intercept 1 %2 %3

-0.0105 00624 00119 -0107

Stdv of E stimated Reg}lession Parameters

Intercept %1 ®2 %3

0197 0.0683 0.0684 00713
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Output for Huber (Leverage ON) (continued).

404

(The complete regression table is not shown.)

ANDOVA Table
Source of Yariation 5SS DOF MS F-Value | P-Value
Regression 0.898 3 0299 0.94 04272
Error 18.14 57 0.318
Total 19.04 60
A Square Estmate| 00472
MAD Based Scale Estimate|  0.902
‘Weighted Scale Estimate 0564
Unsquared Leverage Distance Indv-MD(0 05)f 2 743
IQR Estmate of Residuals;  1.236
Determinant of Leverage S Matiix| ~ 1.357
- o Regression T able with Leverage Option
Obs ¥ Vector Yhat Residuals | Hatfi)] | Res/Scale [Stude™ Res] Wtsli,|] Res Dist | Lev Dist |OLS R™ist
1 97 2174 1187 0063 21.05 21.74 |2.364E13 2105 29.44 1.502
2 101 -2 265 12.36 0.0598 2192 2261 |[1.074E13 2192 oA 1775
3 103 2418 12.72 0.0857 2254 2358 |1886E-14 2254 3189 1334
4 95 -2.528 12.03 00805 2132 2223 |6931E-15 2132 3286 1.138
5 10 -2 443 12.44 00728 2206 2291 |126BE-14 2206 3228 1.36
6 10 2217 1222 |+ 00756 2166 2252 |7.228E-14 21 66 3059 1.527
7 108 2219 13.02 0068 2308 239 |6578E-14 2308 3068 2006
8 10.3 224 12.54 00631 2223 2297 |1634E-13 2223 298 1.705
9 98 2475 12.07 008 214 2232 |1768E-14 214 3195 1204
10 99 -2 437 12.34 0.0863 2187 2289 |5017E-14 2187 30.94 135
1 02 2782 2582 00942 4577 4809 [1.424E-16 4577 3664 348
12 0.4 -2.946 2546 0144 4513 4877 |3684E17 4513 37.96 4,165
13 07 -2.589 3299 0.109 5.83 6.177 {1 069E-16 583 36.92 2719
14 0.1 -2.556 2.656 0.564 4.708 7.127 [1.478E-18 4708 41.09 1.69
15 04 00115 | -0.412 00579 | 0.73 -0.752 1 0.73 2002 0234
16 06 0177 0423 00753 0.75 0.78 1 075 2165 0.385
17 -0.2 -0.0128 -0.187 0.0393 | 0.332 0339 1 0.332 1.938 0.287
18 0 -00619 0.0619 0.0231 on 0.1 1 on 0786 0.175
19 01 00971 0197 00312 0349 0.355 1 0- 349 1287 029
20 04 00113 0.412 00476 073 0748 1 073 2067 0.151
21 03 -0 0253 0325 00294 164 1665 1 1.64 1059 0299
22 03 0151 0.451 00457 0799 0818 | 1 0799 1746 0415
23 -08 0 0561 -0 856 00293 | -1518 -154 1 1518 1.163 0139



Output for Huber (Leverage ON) (continued).

1 L 1 1 1

Final Rleweighled 'Heglessior.l Results

E stimates of Regression Parameters

—Wtércepl %1 ¥2 %3
0413 0237 -0.382 0.44

Stdv of Estimated Regression Parameters
Intercept | %2 x3
0378 0238 0142 0118

ANDVATable
Source of Yariation 55 DOF MS F-Value | P-Value
Regression 610 3 2033 48.96 00000
Enor 2903 7005 4153
Total 8009 7305

R Square Estimate]  0.677

MAD Based Scale Estimate 1.158

Weighted Scale Estimate 2.038

IQR Estmate of Residuals 1579

Det of COV[Regression Coefficients] Matnx|2.8216E-8

Regression T able
Obs Y Vector Yhat Residuals | Hatll)] | Res/Scale [Stude™ Res] ‘Wts(ii] Res Dust
1 97 6.944 2.756 0.063 1.352 1.397 1 1.352
2 101 6.722 3378 00599 1657 1.709 1 1.657
3 103 8045 2255 00857 1106 1.157 1 1.106
4 95 7.667 1833 0.0805 09 0.938 1 0.9
5 10 7.651 2349 0.0729 1153 1.197 1 1.153
6 10 7.201 2799 00756 1374 1.429 1 1374
(The complete regression table is not shown.)
Final Weighted Conelation M atix
[ %1 %2 ®3
y 1 094 0957 0,813
%1 034 1 0977 0774
x2 0357 0.977 1 0.833
x3 0813 0.774 0833 1

Eigenvalues of Final Weighted Correlation Matr
Ewval1 Eval 2 Eval 3 Eval 4
0.0165 0.0618 027 3652
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Output for Huber (Leverage ON) (continued).
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Output for Huber (Leverage ON) (continued).

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graphs are
considered to be regression outliers. The observations to the right of the vertical lines are considered to be
leverage outliers. Regression lines are not produced since there are three predictor variables. Select other
“X” variables by using the drop-down bar in the graphics panel and click on “Redraw.”
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Output for Huber (Leverage OFF).

o o N J’HeglessionAnalysis Output
Date/Time of Computation |3/5/2008 8 15 51 AM
User Selected Options
FromFile |D \Naram\Scout_For_Wmndows\ScoutSowce\WorkDatnE xce\BRADU
FulPiecsion |OFF i o T
Selected Regression Method  |Huber
Residual Influence Function Alpha 005 (Used to Identfy Vertica! Regression Outhers)
Numbes of Regression Iterations |10 (Maxmum Number  doesnt Converge)
Leverage |Off
Y vs¢'r-hat Plot  (Not Selected
Y vs Besidual Piot  [Not Selected
Y-hat vs Residual Plat  [Not Selected
Title For Y vs X Plots  |Huber Regiession - Y vs X Flot
Title for Residual QQ Plot | Huber Regression - Residuals QQ Plot
Residue! Band Alpha |0 05 (Used in Giaphics Residual Bands)
Tale Restdual vs Distance Pt |Huber Regression - Residuals vs Unsquared Leverage Distance Plot
Show Intermediate Results |Do Nat Display Intermediate Results
Intermediate Results Shown on Another Output Sheet

Number of Selected Regression Vanables 3
Number of Ubsewa!wns; 75
Dependent Vanab!e] y

ResidualValues used with Graphics Display
Upper Residual Indvidual (0 05} MD 1.94
Lower Residual Indvidual (0 0S)MD| -1 94

CorrelationMaliix
y #1 %2 %3
y 1 0946 0962 0743
1 0945 1 0979 0708
®2 0962 0979 1 0757
x3 0743 0708 0757 1

Eigenvalues of Comelation M abix
Eval1 Eva2 Eval 3 Eval 4
0.0172 00556 0368 3559
Ordinary Leatt Squares (0L S) Regression Results

Estimates of Regression P. t
Intercept x1 %2 ¥3
-0388 0239 -0.335 0383

Stdv of E stimated Regression Parametess
Intercept x1 %2 ®3
0416 0262 0155 0129

ANOVATable
Source of Variation SS DOF MS F-Value | PValue
Regiession 5433 3 181.1 3577 00000
Ersor 3595 71 5063
Total 9028 74
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Qutput for Huber (Leverage OFF) (continued).

R Square E stimate 0602

MAD Based Scale Estimate 1087

Weighted Scale Estmate 225

IQR Estmate of Residuals]  1.468

Det of COV[Regression Coefficients] Matnx|5 5107E-8

Final Reweighted Regression Resuks i

E stimates of Regression Parameters

Intercept %1 ®2 x3

0413 0237 -0382 044

Stdv of Estimated Regression Parameters

Intercept ¥ %2 %3 ]

|
0378 0238 0142 o1

N U

|
ANOVATable f
Source of Variation SS DOF MS F-Value 1 P-Value
Regression 610 3 2033 4836 | 0.0000
Eror 2909 70.05 4153
Total | 9009 7305 o

R Square Estimate] 0677

MAD Based Scale E stimate 1.158

Weighted Scale E stimate 2038

IQR Estimate of Hemdualsl 1578

Det. of COV[Regression Coefficients] MaluxP 8216E-8

Regression Table

Obs Y Vector Yhat Resduals | Hatl,] |Res/Scale[Stude™ Res Wis[i] Res Dist
1 97 6.944 2.756 0063 1352 1397 1 1352
2 101 6722 3378 00598 | 1657 1709 1 16567
3 103 8045 2255 00857 1106 1157 | 1 1108
4 95 7667 1633 | 00805 | 09 0938 1 03

5 10 7651 2349 | 00728 | 1153 197 T 1 1153
3 10 7201 2793 | 00756 1374 1429 i 1374
7 108 £635 3805 00683 1916 1985 | 1 1916

(The complete regression table is not shown.)
Final Weighted Correlation M atix
y 1 %2 %3 o
9 1 094 0957 0813
A 034 1 0977 0774

%2 0957 0977 1 0833
a3 0813 | 0774 | 083 | 1 i

Eigenvalues of Final Weighted Correlation Matr

“Evall Eval 2 Eval 3 Eval4

D065 | 00618 027 3652
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Output for Huber (Leverage OFF) (continued).

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graph are
considered to be regression outliers. The Leverage Distances vs. Standardized residuals plot is not
produced even if checked on. Regression lines are not produced since there are three predictor variables.
Select other “X” variables by using the drop-down bar in the graphics panel and click on “Redraw.”
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9.7

MVT Regression Method

1. Click Regression » MVT.

:IJ:D,, Fle Edt Corfigure Data Graphs Stats/GOF Outlers/Estimates Regréssion.'

Navigation Panel |

Name |

D:\Narain\Scout_Fo

2.

a 1 2
b,li?:' Anr-Flow Temp
1 Y. 80
2 3 B0
3
2 Zz] 52
5 18, 62

T |

Scouti4.0;< LQ:-\Nar'@in}Scouta__FO.rr:Wihdix_ws,\.S.cqut_S_O.u reeWorkDatInExce\STACKLOSS))

Multivanate EDA GeoStats Programs Window Help
oLs 5 6 7 £
LMS :
Iterative OLS
Blwerght SR D R
Huber ‘ ‘

PROP
Method Comparison

The “Select Variables™ screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o If the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options” button to get the options window.

B8 MVT Options )

—Regression Values ———————
! o
Residual Trm Pescent

Alpha for Residual Outhers

| 005

i~ Number of Regression lterations  —

o

[Max = 50]

— Resduals MDs Distrbution
 Beta  Chisquare

Intermediate Iterations
& Do Not Display
 Display Every 5th
€ Display Every 4th
€ Display Every 2nd
" Display All

r—idertify Leverage Ponts

_’7 Leverage

—Select Leverage Distance Method —
" Classical

" Sequential Classical

€ Huber

< PROP

€ MVT {Tnmming)

r~Inital Leverage Distances
" Classical

" Sequential Classical

C Robust [Median, 1 48MAD}
& OKG [Marorna Zamar)

€ KG [Not Orthogonabzed)
 MCD

¥ Display Intervals

Confidence Coefficient

os

¥ Display Diagnostics

rNumber of Leverage Iterations —

o

[Max = 50]

— Leverage MDs Distrbution

* Bela
¢ Chisquare

r~Leverage Values)

I 005

Leverage Influence Function
Ipha

o Specify the “Regression Value.” The default is “0.05.”
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o Specify the “Number of Regression Iterations.” The default
is”10.”

o Specify the “Regression MDs Distribution.” The default is
“Beta.”

o Specify the “Identify Leverage Points.” The default is “On.”

o Specify the “Select Leverage Distance Method.” The default is
“PROP.”

o Specify the “Number of Leverage Iterations.” The default
is”10.”

o Specify the “Leverage Initial Distances” The default is “OKG
(Maronna Zamar).”

o Specify the “Leverage Value.” The default is “0.05.”
o Click “OK” to continue or “Cancel” to cancel the options.

o Click on the “Graphics” button to get the options window.

BS OptionsRegressionGraphics

XY Plot Title i—Regiession Line - Fixing Other Regressors at

I XY Plots ] MVT Regiession - ¥ vs X Plot .

" NolLine ¥ Confidence Interval

- .
[V ¥ vsY-Hat YvsYHaTlle Minimum Values ¥ Predection Interval

IMVT Regression - Y vs YY-Hat Plot ¢ Mean Values
] Confidence Coefficient
% Y vs Fosdua Y vs Residuals Tille € Maximum Values —
Vs Residuals lMVT Regression - Y vs Residuals " Zeto Values

] Y-Hat vs Residuals Title
W Y-Hat vs Residuals |MVT Regression - Y-Hat vs Resid

—Graphics Distribution

(¢ Beta (" Chisquare

Residuals vs Leverage Title )
[MVT Regression - Residuals vs U~ [~ Residual/Lev. Alpha

QQ Residuals Title 005

¥ Residuals vs Leverage

oK Cancel

¥V QQ Residuals

IMVT Regression - Residuals GQ

A

o Specify the preferred plots and the input parameters.
o Click “OK?” to continue or “Cancel” to cancel the options.

o Click “OK” to continue or “Cancel” to cancel the computations.
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Output example: The data set “STACKLOSS.xlIs” was used for MVT regression. It has
3 predictor variables (p) and 21 observations. When the “Leverage” option is on, the
leverage distances are calculated and outlying observations are obtained iteratively using
initial estimates as median and OKG matrix and the leverage option as PROP (i.e., using
PROP influence function). Then the weights are assigned to observations and those
weights are used in the finding the regression outliers iteratively. When the leverage
option is off, all observations are assigned one (1) as weights and then the regression
outliers are found using the trimming percentage and a critical alpha iteratively. Finally,
the estimated regression parameters are calculated.
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Output for MVT (Leverage ON).
Data Set Used: Stackloss (predictor variables p = 3).

" Date/Time of Eomputéilon

User Selected Options

"RegressionAnalysis Output

3/5/2008 8 22 37 AM

" FromFile

D:ANaran\Scout_For_Windows\S coutSource\WorkDatinE xce\S TACKLOSS

Full Precision

OFF o

Selected Regression Method

Multivanate Tnming (MVT)

Residual MYT Trumming Percentage

01 (Used to Identify Vertical Regression Quthers)

Alpha for Residual Outliers

005 (Planned Future Modification Used to Compare Residual MYT MDs)

Number of Regression [terations

10 (Maxmum Number if doesn't Converge)

Leverage

Identfy Leverage Ponts [Dutliers in X-Space)

Selected Leverage Method

PROP

Inihal Leverage Distance Method

OKG (Maronna Zamar) Matnx

Squared MDs

Beta Distrbution used for Leverage Distances based upon Selected Regression (Leverage) Variables

Leverage Distance Alpha

005 [Used to Identify Leverage Points)

Number of Leverage Iterations

10 [Maximum Number if doesn't Converge)

Y vs Y-hat Plot  |Not Selected
Y vs Residual Plot  {Not Selected
Y-hat vs Restdual Plot | Not Selected T

Title For Y ws X Plots

MVT Regression - ¥ vs X Plot

Title for Residual QQ Plot

MVT Regression - Residuals QQ Plot

Residual Band Alpha

005 [Used in Graphics Residual Bands)

Title Residual vs Distance Plot

MVT Regression - Residuals vs Unsquared Leverage Distance Flot

Show Intermediate Results

Do Not Display Intermediate Results

Intermediate Results Shown on Another Output Sheet

Leverage Points are Outliers in X-Space of Selected Regression Vanables.

Number of Selected Regression Vanables| 3
Number of Observations| 21
Dependent Vanable| Stack-Loss
Residual Values used with Graphics Display
Upper Residuad Indwidual (0.05) MD 1889
Lower Residual Indvidual (0 05)MD| -1 889
Correlation M atrix ,
Stack-Loss [AirFlow  {Temp Acid-Conc
Stack-Lass| 1 0782 | 05 052 -
Aur-Flow 0.782 1 0391 0876
" Temp 05 0391 1 04 ) — T T T
AcdConc| 092 0876 04 1 IR
Eigenvalues of Correlation Matm¢
Evalil Eval 2 Eval 3 Eval4
00532 0215 0734 2997
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Output for MVT (Leverage ON) (continued).

Ordinary Least Squares (0LS) Regression Resuls

Estimates of Regression Parameters

Intercept | An-Flow Temp Acid-Conc
3392 0.716 1295 0152
Stdv of E stimated Regression Parameters
Intercept | An-Flow Temp Acid-Conc
119 013 0368 0156
ANOVATable
Source of Vanation 5SS DOF MS F-Value | P-Value
Regression | 1890 3 6301 539 00000
Etror 1788 17 10.52
Total | 2069 20
R Square Estimate 0314
MAD Based Scale E stimate 2768
Weighted Scale Estimate 3243
1QR Estimate of Residuals) 4313
Det of COV[Regression Coefficients] Matnk|1 0370E-5

Initial Weighted Regression |teration with | dentified Leverage Ponts

E stimates of Regression Parametess

Intercept | Aur-Flow Temp Acid-Conc
3954 0703 1291 -0.151
Stdv of E stimated Regression Parameters
Intercept | An-Flow Temp Acid-Conc -
121 0143 0373 0162
ANOVATable
Source of Yariation " 55 DOF MS F-Yalue | P-¥Value
Regression | 1421 3 4735 44 06 00000
Error 1722 16 03 1075
Total 1593 19.03
R Square E stimate 0892
MAD Based Scale Estmate] 2738
‘Weighted Scale Estmate] 3278
Unsquared Leverags Distance Indiv-MD(0 05) 2619
IQR Estimate of Hes;duals; 4169
Determnant of Leverage S Matnﬂ 5200 -
Regression T able with Leverage Option -
Obs YVector [ Yhat Residuals | Hall] [Res/Scale [Stude™ Res Wis{i] T ResDist | LevDist. |OLS R™ist
1 42 3858 3417 0302 1042 1247 0562 1042 2931 0997
2 37 3873 373 | TT0318 | 0829 0641 G467 T 055 302 0891
3 37 2N 4694 l 0175 1432 1576 | 1 1432 2073 1405

(The complete regression table is not shown.)
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Output for MVT (Leverage ON) (continued).

416

Final Reweighted Regression Results

E stimatez of Regression Parameters

Intercept | Au-Flow Temp Acid-Conc
-42.45 0.957 0556 -0.109
Stdv of E stimated Regression Parameters
Intercept | Air-Flow Temp | Acid-Conc
7.385 0.0945 0264 0.0968
ANOVA Table
Source of Yariation 5S DOF MS F-Value | P-Value
Regression | 1830 3 630 158.1 00000
Eror b8 78 15 3.966
Total 1350 18
R Square Estimate] D969
MAD Based Scale Estimate]  2.069
Weighted Scale E stimate 1.996
IQR Estimate of Residuals]  2.995
Det. of COV[Regression Coefficients] Matrix| 3.4468E-7
Regression Table
Obs Y Vector Yhat Residuals | Hatfii] |Res/Scale |Stude™ Res] Wtsliy] | Res Dist.
1 42 394 2.604 0302 1.305 1 561 1 1.305
2 37 395 -2.504 0318 -1.254 -1519 1 1.254
3 37 3339 3.607 0175 1.807 1989 1 1.807
4 28 2073 7.273 0129 3.643 3902 0 3643
5 18 1962 -1.616 00522 | -081 -0.832 1 0.81
6 18 2017 2172 00775 | -1.088 -1.133 1 1.088
(The complete regression table is not shown.)
Final Weighted Cormrelation M abm¢
Stack-Loss |Air-Flow Temp Acid-Conc
Stack-Loss 1 0.336 0474 0979
Air-Flow 0836 1 0418 0883
Temp n474 0.418 1 0423
Acid-Conc 0.979 0863 0423 1
Eigenvalues of Final Weighted Correlation Matrix
Eval1l Eval 2 Eval 3 Eval 4
00163 019 0.724 3.063




Output for MVT (Leverage ON) (continued).
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Output for MVT (Leverage ON) (continued).

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graphs are
considered to be regression outliers. The observations to the right of the vertical lines are considered to be
leverage outliers. The regression lines are not produced since there are three predictor variables. Select
other “X” variables by using the drop-down bar in the graphics panel and click on “Redraw.”
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Output for MVT (Leverage OFF).

Date/Time of Computation

-RegressionAnalysis Output

" User Selected O ptions

| 11 0/2008 847 07 AM

“"Full Precision

(OFF

From File ’ DN alaln\S coul Fm Wlndows\S coutS owce\kaD allnExcel\S TACKLUS S

Selected Regression Method

MYT Tim P Pelcentage

l Multivanate Triming [MVT)

f 0.05 Used to ldenllfp F!eglessuon Dulllers]

Number of Regression Iterations

Leverage

Off

“Reslev Rectangle Alpha

" Title for Residual QQ Flot

10 (Masimum Number if doesn't Converge)

ﬁﬁg[Used with quphlcs-{:—ormaence BanasT T
MVT Regression - Residuals Q0 Plot T

Title Restdual vs Distance Plot

[MVT Regression - Residuals vs Unsquared Dlstance F'lol

Title For ¥ vs X Plots)

lMVT Regression - Y vs X F‘Iot S

Show Intermediate Results

Do Not Display Intermediate Results

Residual QQ Plot !Not Selected
Y vs Residual Plot | Not Selected T T T T T T o T
Y-hat vs Residual Plot |Not Selected 7

Intermediate Results Shown on Another Output Sheet

Number of Selected Regression Vanables! 3

Number of Ubsewatlons'?

Dependant Vanable Stack Loss

Uldlnaly Least Squares (0 LS] Hegressmn Fleub

Fleglessmn Paramelers Vector Estlmahes

Intercept | 2arFlow | Temp }Actd -Conc | -
-38 92 l 0718 1.295 -0.152
Stdv of Regression Estimates Vector
IEtérEeEt‘T AiFlow | Temp. | AcidConc ["’* B B T - T
_1_1_9__|__p_135>- 0% | oW | [ | | !‘“ '4
|
T ANOVATable “]’ i T
Source of Yaiiation SS DOF MS F-Value | P-Value |
L _Fl_eglession» 1830 3 o 6301 _ 5_99 _ UAU?I'JEI‘-..— . ’ ] -
Eror | 1738 17 1082 T T T
_ Tolal | 2063 2 1 0 - ‘!‘ o 'i""_
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Output for MVT (Leverage OFF) (continued).

R Square Estimates]  0.914 { '
MAD Based Scale E stimates|  2.768 | i - )
Weghied Scale Estmates|  3.243 | [
IOR Estimates| 4313 | |
" Det. of COV[Regression Coefficients] Matrix| 1.0370E5 | [ - e

Results From the Regression Dperation

RegressionParameters Vector E stimates T
_rntercepl Air-Flow Temp. | AcidConc Ty
-437 0.889 0817 -0.107
Stdv of Regression E stimates Vector
Intercept | Ar-Flow Temp. |AcidConc | i
3452 | 0119 | 035 | 015 | |
i R
ANDVATable
Source of Yariation SS | DOF MS | FValue | PValue
Regression | 1957 3 6523 9882 | 0.0000
i Eror | 1056 16 6.601 | |
Total 2063 19 ]
__ - | _ | | R .
R Square Estimates) 0,943
MAD Based Scale Estimates]  3.046 —
Weighted Scale Estimates{ 2563
IQR Estimates]  3.365 o
Det of COV[Regression Coefficients] Matnx! 2 2471E-6 |—- -
Regression T able T T o
" Obs Y Yector Yhat Residuals | Hatfty] | Res/Scale Slude‘c—F'{é—sT TWisliil | ResDist |
1 42 39.94 2.062 0.302 0.803 096 1 0.803
T2 7| 737 | 4004 | 3045 | 0318 | 185 [ 443 | 1 | 1i&, |
3 37 3375 3248 0175 1264 1392 1 1264
T4 28 21.7 6.302 0129 | 2453 2627 1 2453
5 18 20.07 -2.065 00522 | 0804 -0.826 1 0 804
6| 18 | 2088 | 2em 00775 | 1122 | Aie8 | 1 [ 1i2Z2 |
7 19 2106 -2 055 0.219 -0.8 -0.905 1 08 o
g |7 [ 2108 | 085 0219 | 0411 | 0465 | 1 | 04nm B
9 15 17.33 2.325 .14 -0.905 -0.976 l 1 0.905

(The complete regression table is not shown.)
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Output for MVT (Leverage OFF) (continued).

MVT Regression - Residuals QQ Plot

172 [0 051 = +189 |

022 g "

Standardized Residuals
2 Lo g s Rz
8 B &8 B8 8 8

1 pg (A005) =1 59]

03 02
Normal Quantiles



Output for MVT (Leverage OFF) (continued).
~ MVT Regression - Y vs X Plot
4550

i

®50

*%0

3150

2850

Stack-Loss 7
]
13

155

135

1.5

R

850

750

£50

€7
AirFlow

Interpretation of Graphs: Observations which are outside of the horizontal lines in the graph are
considered to be regression outliers. The Leverage Distances vs. Standardized residuals plot is not
produced even if checked on. Regression lines are not produced since there are three predictor variables.
Select other “X” variables by using the drop-down bar in the graphics panel and click on “Redraw.”

Note: There are at least four regression outliers (1, 3, 4, and 21) in the data set of size 21on the previous
page. However, the trimming percentage selected is only 5%, which is equivalent to one outlier in the data
set of size 21. The user may want to use the MVT method with a higher trimming percentage to identify all
of the outliers.

9.8 PROP Regression Method
I: Click Regression » PROP.

™ Scout 4.0 - [D:Warain\Scout_For_Windows\ScoutSource\WorkDatinExce RSSTARCLS]

oy File Edit Configure Data Graphs Stats/GOF Outliers/Estimates Gl =all Multivariate EDA GeoStats Programs Window Help
Navigation Panel | B VR 5 5 G
q ] T | LMS 1 ' 1
cliil 4 3-7‘~ Iterative OLS
D:\WNaraim\Sceut_Fo... 1 : Biweight
Z 4.5 Huber
P s am
5 519 43 | Method Comparison
2 The “Select Variables™ screen (Section 3.3) will appear.
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o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o Ifthe results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

o Click on the “Options” button to get the options window.

B PROP Options _
—Regression Vahie ————————— ~|dentdy Leverags Pomts Indial Laverage Distances ———
I—_——ODE— 7 Leveiage © Classcal ¥ Display Intervals
Aesidual Influence Function Alpha —Select Leveraga Distance Method — s el Classical Conhdence Coefficient
 Clossical € Robust Medan, 1 48MAD) [ oss
I
Sequential Classical @ OKG Maronna Zemar)
~Number of Regression lteraions  —  Hubes
10  KG (Not Dithogonalzed) 7 Display Dragrostcs
& PROP
Max =50} € MCD
€ MVT (Tnmming)
—Residuals MDs Distribution  ~—————
@ Beta " Chisquae —Number of Leverage ltesations ——
[~ Intermediate lterabons ————— I 10 [ Leverage Valuels)
& Do Not Display {Max = 50]
¢ Drsplay E 5th oK
playEvely r~Leverage MDs Distibuton ———— r———gbs— 4‘
¢ Display Every 4th
- @ Beta Levexagelrﬂtjmce Function
Display Every 2nd
Cancel
" Display A € Chisquare —J

o Specify the “Regression Value.” The default is “0.05.”

o Specify the “Number of Regression Iterations.” The default
is”10.”

o Specify the “Regression MDs Distribution.” The default is
“Beta.”

o Specify the “Identify Leverage Points.” The default is “On.”

o Specify the “Select Leverage Distance Method.” The default is
“PROP.”

o Specify the “Number of Leverage Iterations.” The default
is°10.”

o Specify the “Leverage Initial Distances.” The default is “OKG
(Maronna Zamar).”

423



o Specify the “Leverage Value.” The default is “0.05.”
o Click “OK” to continue or “Cancel” to cancel the options.

e Click on the “Graphics” button to get the options window.

c OptionsRegressionGraphics.

XY Plot Titte r~Regiession Line - Fixing Other Regressors at
W XY Plots [ PROP Regression - ¥ vs X Plot
* Nolne W Confidence Interval
. ™ Mi
W Y vsY-Hat Y wsY-HatTitle Minmum Velues & orodection Interval
IPF\DP Regression - Y vsY-Hat Pi " Mean Values
~ Confidence Coefficient
. ' vs Residuals Title Maximum Values
v
W ¥ vs Residuals IPHUP Regression - Y vs Residual " Zero Values 095
Y-Hat vs Residuals Title .
. r—Graphics Distribution
M YHat vs Residuals [PROP Regression - Y-Hat vs Resi P
* Beta " Chisquare

Residuals vs Leverage Title
[PROP Regression - Residuals vs [ ResidualiLev. Alpha

Q0 Residuals Title 0.05 oK J Cancel I

]PRDP Regression - Residuals QQ

V' Residuals vs Leverage

W QQ Residuals

A

o Specify the preferred plots and the input parameters.
o Click “OK” to continue or “Cancel” to cancel the options.
o Click “OK” to continue or “Cancel” to cancel the computations.

Output example: The data set “STARCLS.xIs” was used for PROP regression. It has |
predictor variables (p) and 47 observations. When the “Leverage” option is on, the
leverage distances are calculated and outlying observations are obtained iteratively using
initial estimates as median and OKG matrix and the leverage option as PROP (i.e., using
PROP influence function). Then the weights are assigned to observations and those
weights are used in the finding the regression outliers iteratively. When the leverage
option is off, all observations are assigned one (1) as weights and then the regression
outliers are found using the PROP function iteratively. Finally the estimated regression
parameters are calculated.

424



Dale/Time of Compraiion

User Selected Gptons

Output for PROP (Leverage ON).
Data Set Used: Star Cluster (predictor variables p = I).

: Regression Analysis 0 uiput

3/12/2008 8 09 44 &AM

Fiom Fils

D \Naram\Scoul_For_Wna:ws\Scw!Sowce\WorkDallnExcel\STX‘RC[S_ o -

Full Precision

OFF

Selected Regression Method

PROP

Residual Influence Function Alpha

005 (Used to [dentfy Vertical Regression Quthers)

Number of Regression lterations

10 (Maximum Number  doesn't Converge)

Leverage |ldentdy Leverage Pomts [Uihers n X-Space]
Selected Leverage Method |PROP T
Intial Leverags Distance Method  |OKG (Maronna Zamar) Matrx - T - T/
- Squated MDs  |Beta Distiubution used for Leverage Distances based upon Selected Regression {Leverage) Vanables
Leverage Distance Alpha {005 (Used to ldentify Leverage Pomts) -
Number of Leverage lterations |10 (Maximum Number if doesn't Converge) T T
¥ vs Yhat Plt |Not Selected . T
Y vs Resrdual Plot  {Not Selected
Y-hat vs Residual Plot | Not Selected - - T
THle ForY vs X Plots |PROP Regression - Y vs X Plot T/
Title for Residual QQ Plot  |PROP Regression - Residuals QQ Plot —
i Restdual Band Alpha {005 (Used in Graphics Aesidual Bands) T T T o

Title Residual vs Distance Plot

PROP Regiession - Residuals vs Unsquared Leverage Distance Plot

Show Intermediate Results

Do Not Display Intermediate Results

Intesmediate Resulls Shown on Anathet Output Sheet

Levetage Points ate Dutliers inX-Space of Selected Regression Vanables.

"7 7 Number of Selected Regression Vanables; 1

Number of Observations, 47

Dependent Vanablel y

Aesidual Values used with Graphics Display

Upper Residual Indvidual (0 05) MD

1329

Lower Residual Indvidual (0 05) MD

1329

]

1

Correlation Matiot
p ® ) - T I
v 1 21
: 07 i -t *‘ T -
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Output for PROP (Leverage ON) (continued).

Eigenvalues of Conrelation M atrix

Eval1 Eval 2

0.79 1.21

Ordinary Least Squares [0LS)Regression Resulls

Estimates of Regression Parameters

Intercept ]
6.733 -0.413
Stdv of E stimated Regression Parametém
Intercept %
1.237 0.286
ANOVATable
Source of Variation SS DOF MS F-Walue | P-Value
Regression 0.665 1 0.665 2.085 01557
Error 14.35 45 0.319
Total 15.01 46
R Square Estimate; 00443
MAD Based Scale Estimate] 0 651
Weighted Scale Estimate 0.565
|QR Estimate of Residuals)  1.025
Det. of COV[Regression Coefficients] Matrix| 5.5584E -4

Initial Weighted Regression [teration with |dentihed Leverage Points

E stimates of Regression Parameters

Intercept %

797 293

Stdv of E stimated Regression Parameters

Intercept e

2.396 0.543

(The complete regression table is not shown.)
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Output for PROP (Leverage ON) (continued).

(The complete regression table is not shown.)

ANOVATable
Source of Variation SS DOF MS | FValue | PValue
Regression 4205 1 4205 2309 00000
Errar 5647 39.06 0.145
Total 9.852 4008
R Square Estimate|  0.427
MAD Based Scale Estimate| 045
- Weighted Scale Estmate] 038 T
Unsquared Leverage Distance Indiv-MD(0 05) 1929
1QR Estimate of Resduals) 0606
Determinant of Leverage S Matnx| 00118 - -
Regression T able with Leverage Opbon -
Obs Y Vector Yhat Residuals | Hat[li] | Res/Scale Stude™ Res; Wisli) ResDist | LevDist. [OLS R™ist
1 523 4836 0394 00222 1.037 1.049 1 1037 0348 043
2 5.74 5393 0347 00373 0.914 0.931 1 0914 1405 1472
3 493 4513 0417 00219 1096 1.108 1 1096 1362 0182
4 574 5.393 0347 00373 0.914 0931 1 0914 1405 1.472
5 5.19 4631 ' 0559 00213 1.471 1487 1 147 0993 0308
3 | 546 51 036 00271 0948 0361 1 0348 0483 0903
7 465 3283 1367 00781 3.598 3745 00135 3598 5237 0985
g 527 5422 0152 00387 | -0.399 -0.407 1 0393 1.497 0.647
9 557 4513 1057 0.0219 2.779 281 1 2773 1.362 0.951
10 512 4836 0284 00222 0.748 075 | 1 0748 0348 0.235
" 573 2257 3473 0194 9.134 1017 {3 3033E-4 9134 9 465 0.6M1
12 5.45 5012 0438 0025 | 1153 | 1168 1 1153 0206 0863
13 542 5158 0262 0.0287 0€89 0633 1 0689 0.667 0847
14 405 3781 0269 00444 0708 0.724 00923 0708 3663 1924
15 426 4.601 031 00214 -0838 -0908 1 0.898 1086 1347
16 458 4982 -0.402 00244 ! -1 058 1071 1 1.058 0114 0685
17 394 4426 0.486 00229 1277 -1 292 1 1277 1639 1.957
18 418 4982 0802 00244 21 2136 1 2N 0114 1393
19 418 4426 -0246 00229 | -0646 -0653 1 0648 1639 1.532
20 5.89 2.257 3.633 0.194 9.555 1064 |3.3033E-4 9.555 8 465 0955
21 438 460 0221 00214 -0 582 -0 589 1 0582 1086 1134
22 422 4.601 -0 381 00214 | 1003 -1014 1 1003 1085 1.418
23 442 4,982 -0.562 00244 1479 -1.497 1 1479 0114 0.968
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Output for PROP (Leverage ON) (continued).

428

Final Reweighted heglession Results

E stimates of Regression Parametess

Intercept % B
-7 955 2926
Stdv of E stimated Regression Parameters i
Intercept e
1911 0.434 )
ANOVATable
Source of Variation SS DOF MS F-Value | P-Value
Regression 5.401 1 5401 45 44 00000
Error 4614 | 3883 HE
Total 0m 39.83
R Square Estmate| 0539
MAD Based Scale Estimate 045
Weighted Scale Estmate|  0.345
1QR Estimate of Residuals) 0607
Det. of COV[Regression Coelficients] Matnx| 5 4829E -4 )
Regression T able
Obs Y Vector Yhat Residuals [ Hatfii] [Res/Scale!Stude™ Res] Wits[i)] | Res Dist
1 5§23 4831 0339 | 0022 1157 I 117 1 1157
2 574 5.387 0.353 00373 1.023 1043 1 1023
3 493 4509 0421 0.0219 122 1234 1 122
4 574 5387 0353 0.0373 1023 1043 1 1023
5 518 4626 0564 00213 1635 1652 1 1635
6 546 5.095 0.365 00271 1.06 1.075 1 1.06
7 4 65 3.281 1369 00781 3972 4137 00628 3972
8 527 5.416 -0.146 00387 | -0425 -0.433 1 0425
(The complete regression table is not shown.)
Final Weighted Coirelation M atmx
y %
y 1 0753
% 0759 1
Eigenvalues of Final Weighted Correlation Mabmx
Evall Eval2
0241 1759




Output for PROP (Leverage ON) (continued).
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Output for PROP (Leverage ON) (continued).

PROP Regression - Y vs X Plot

651
831 A

611

"
-
45 s Fl
.

an 7

3 7

Interpretation of Graphs: Observations which are outside of the horizontal lines on the residual Q-Q plot
or on the residual versus unsquared leverage distances represent regression outliers. Observations lying to
the right of the vertical lines represent leverage outliers, leverage points lying between the two horizontal
lines represent good leverage points, and the rest of the leverage points represent bad leverage points. Both
the classical and robust regression lines are also shown on the y vs. X scatter plot.
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Output for PROP (Leverage OFF).
In order to demonstrate the usefulness of the leverage options (when several leverage points may be
present), the Star cluster data is considered again with the leverage option off.
The output thus obtained is given as follows.

" Date/Tme of Co?r'lphul-;au.o.n—

:RegressionAnalysis Output

3/12/2008 8 15 48 AM

User Selected Options

From File

D \Narain\S cout_For_Windows\S coutS ource\WorkD atirE xcel\STARCLS

Full Precision

OFF

Selected Regression Method

PROP

Residual Influence Function Alpha

0.05 (Used to Identify Vertical Regression Qutliers)

Number of Regression lterations

10 (Maximum Number if doesn't Converge)

Leverage |Off
Y vsY-hat Plot |Mot Selected
Y vs Residual Plet  {Not Selected o
‘Y-hat vs Residual Plot  |{Not Selected

Tille For Y vs X Plots

PROP Regression - Y vs X Plot

Title for Residual Q Plot

PROP Regression - Residuals Q4 Plot

Residual Band Alpha

005 (Used in Graphics Residual Bands)

Title Residual vs Distance Plat

PROP Regression - Residuals vs Unsquared Leverage Distance Plot

Show Intermediate Results

Do Not Display Intermediate Results

Intermediate Results Shown on Anather Output Sheet

Number of Selected Regression Variables| 1

Numbes of Qbservations] 47

Dependent Vanable| y

ResidualValues used with Graphics Display

Upper Residual Indvidual (0 05) MD

1929

Lower Residual Indvidual (0.05) MD

-1.929

]

| l

Correlation Matint

y 1 021

X 021 1

Eigenvalues of Correlation M atnx

Eval1 Eval 2

079 121
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Output for PROP (Leverage OFF) (continued).

432

Ur.dinarp Least Squalés iU LS) Hegléssion RBQ.‘S

Estimates of Regression Parametess

Intercept e

6.793 -0.413

Stdv of Estimated Regression Parameters

Intercept %
1237 0.286
ANOVA Table
Source of Yariation 5SS DOF MS F-Value | P-Value
Regression 0.665 1 0.665 2.085 0.1557
Error 14.35 45 0319
Total 15.01 46
R Square Estimate|  0.0443
MAD Based Scale Estimate 0.651

Weighted Scale Estimate 0.565

IQR Estimate of Residuals) 1025

Det. of COV[Regression Coefficients] Matnx|5.5584E-4

Final Reweighted Regression Results
Estimates of Regression Parameters
Intercept %
6.799 -0.414
Stdv of Estimated Regression Parameters
Intercept %
1235 0.286
ANOVATable
Source of Yariation 5SS DOF MS F-Value | P-Value
Regression 0668 1 0.668 2.102 0.1540
Error 14.29 44.95 0.318
Total 14.95 45.95




Output for PROP (Leverage OFF) (continued).

R Square Estmate| 0.0447
MAD Based Scale E stimate 0651
Weighted Scale Estimate| 0564
1QR Estimate of Residuals;  1.025
Det of COV[Regression Coefficients] Matrix|5 5303E-4
Regression T able
Obs Y Vector Yhat Residuals | Hatij] |Res/Scale {Stude™ Flej Wisli] Res Dist.
1 523 4983 0.242 00222 0.429 0433 1 0.429
2 5.74 491 0.83 00373 1.473 1.501 1 1.473
3 493 5034 -0104 00219 -0.184 0187 1 0184
4 574 491 083 00373 1473 1501 1 1473
5 519 5017 0.173 00213 0306 0309 1 0306
6 546 4951 0.509 00271 0903 0915 1 0.903
7 465 5208 -0 558 00781 099 -1.031 1 093
g 527 4308 0364 00387 0646 0.659 1 0646
9 557 5.034 0536 00219 0951 0961 1 0.951
10 512 4988 0132 0.0222 0233 0.236 1 0233
1 573 5353 0.377 0194 0.669 0745 1 0663
12 5.45 4564 0.486 0025 0.863 0874 1 0.863
13 5.42 4943 0.477 00287 0846 0859 1 0846
14 405 5138 -1 088 00444 -1.929 -1974 1 1929
15 426 5022 -0.762 00214 -1 351 -1 366 1 1.351
16 458 4968 -0.388 00244 -0688 -0.6986 1 0.688
17 394 5.046 -1.106 0.0229 -1.963 -1.985 0951 1.963
18 418 4968 -0.788 0.0244 -1.397 1.415 1 1397
13 418 5046 -0 866 00229 -1.837 -1.555 1 1537
20 5.89 5.353 0537 0194 0.952 1.061 1 0952
21 438 5022 | -0.642 00214 | 138 | 418 T 717 ] 1138
(The complete regression table is not shown.)
Final Weighted Correlation M atrix
y X
¥ 1 0212
% 0212 1
Eigenvalues of Final Weighted Correlation Matr
Evall Eval 2 [
0.788 1212
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Q-Q plot of Standardized Output for PROP (Leverage OFF).
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Q-Q plot of Standardized Output for PROP (Leverage OFF).

~ PROP Regression-Y vs X Plot

630 5
€0
810
-
600
520 i
580
570 = ;.
s80 -

s

N
s

Interpretation of Graphs: Observations (if any) lying outside of the horizontal lines in the Q-Q plot are
considered to be regression outliers. The Leverage Distances vs. standardized residuals plot is not
produced as the leverage option was not activated. Regression lines are produced since there is only one
predictor variable. It is easy to see from the above graph (where both the classical and robust regression
lines are overlapping and attracted toward the outliers) that one should use the leverage option to properly
identify all of the leverage points. Once the leverage points are identified, the robust regression method
should be used to distinguish between the good and bad leverage points.

9.9 Method Comparison in Regression Module

The “Method Comparison” option in the “Regression” drop-down menu can be used to
compare the regression estimates of bivariate data obtained using various classical and
robust regression methods. Regression lines for the selected regression methods are
drawn on two-dimensional scatter plots. These comparisons are done in the “Bivariate
Regression Fits” drop-down menu. The method comparison module also compares the
residuals obtained by a single regression method against residuals obtained from one or
more methods. A comparison of fits (Y-hat) from one method against fits from the other
methods is done in a similar way. These comparisons of the residuals and fits from the
various regression methods are done in “R-R Plots” and “Y-Y-hat Plots,” respectively.
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9.9.1 Bivariate Fits

.

2.

436

Click Regression B> Method Comparison B> Bivariate Regression Fits.

= Scout ZQQBJ:[:(;):J\r_:l_a__rg_i!!:\s;;qut;ﬁqn-__Winvas)SC;J_thqurég)WQrmqlIhE-xcéliS;TARGiié]_
gg{ Fle Edt Configure Data Graphs Stats/GOF Cutlers/Estimates QA{QC BN Multvariate EDA  GeoStats  Programs  Window  Help

Nawigation Panel

Name

D WaraimScout_Fo
D \Naraim\Scout_Fa

Index_Plot gs
Index_Plot_a
InterQC gst

D \Naram\Scout_Fo .

| 0 1 2 : ols ’ 6 7 8
P " LMS[LPS
| — s T Tteratrve OLS )
G T ) | Bweght N . . }
2 | 5 4 ] ber S -
t 3 493 426 ! YT |
gst 1 574 455 li"_ PROP - : T
5 T Y ¥ A “tethod Comparison F|  Bivariate Regression Fits | I
5 Eag” wag” . ) Muttivariate R-R Plot t =
46; 1 ‘
- iR —= -— - | Mukrvanate Y-¥Y-Hat Plot -
7 i LD [ 1

The “Select Variables” screen (Section 3.3) will appear.

(]

Variables Select Y Axis Variable
Name l D | Count ] » | Nome D l Court 1
Y 0 47
¥ 1 47
« l
» I Select X Axis Variable
Name [
« |
Select Group Variable
Options | | |
0K I Cancel I
7

Select the Y axis variable and the X axis variable from the “Select
Variables to Graph” screen.

If the results have to be produced by using a Group variable, then select a
group variable by clicking the arrow below the “Group by Variable”
button. This will result in a drop-down list of available variables. The
user should select and click on an appropriate variable representing a
group variable.

Click on “Options” for method comparison options.



@ Select: Reg}reé_sion,Mbl;hp_d _ﬁmg@l_‘.isqn.'(),gﬁ_qns_,.

—Select Regiession Method (s}
™ oLs

I~ LMs

[ lterative OLS w/o Leverage
[ lterative OLS with Leverages
[~ Bwveght w/o Leverage

[~ Bmveight with Leverage

™ Huber w/o Leverage

I~ Huber with Leverage

[~ MVT w/a Leverage

[ MVT with Leverags

I~ PROP w/o Leverage

I~ PROP wath Leverage

oK | Cancel

Ttlofor Graph |

o The options in the window shown above represent the different
options.

@ Select: Re&res_sibh.M’e_l !io_d n]garis_o__ mQ'_gliiJ__ ns:

~Select Regression Method (8) ~Reg lteratve OLS and/or MY¥T
o o
™ LMs Citical Alpha
¥ lterative OLS w/o Leverage
[~ lterative OLS with Leverage Reg Biweight Tunng Constant
[v Bweight w/o Leverage ,__4—
[T Bmueight uath Leverage Tuning Constant

[V Huber w/o Leverage
- r—Reg Huber and/or PROP ——
[ Huber with Leverage

| 005
¥ MVT w/o Leverage
™ MVT wih Laverage Irfluence Function Alpha
¥ PROP w/o Leverage i~Regression MDs Distibutton  ~—
™ PROP wath Leverage @ Beta  Chisquate

—Number of Regression lterations  — —Reg Multvanate Tuimming  ~——

| 10 | o1 oK | Cancel |
=51 ALk
Titte for Graph I Regression Line Plot
4
o The options selected in the window shown above are the options

for the regression methods without the leverage option.
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438

—Select Regression Method [s] ———
I~ oLs

™ Ms

™ lteratve OLS w/o Leverage
¥ lteratrve OLS wath Leverage
™ Bmwvesght w/o Leverage

¥ Bawexght wath Leverage

I~ Huber w/o Leverage

¥ Huber wih Leverage

™ MVT w/o Leverags

[¥ MVT wath Leverage

I PROP w/o Leverage

The “Iterative OLS w/o Leverage” requires the input of a
“Critical Alpha.”

The “Biweight w/o Leverage” requires the input of a
“Tuning Constant.”

The “Huber w/o Leverage” requires the input of an
“Influence Function Alpha.”

The “MVT w/o Leverage” requires the input of a “Critical
Alpha” and a “Trimming Percentage.”

The “PROP w/o Leverage” requires the input of an
“Influence Function Alpha.”

{568 Select: RegressionMethod Comparison Optionsy
& B B _

‘R'eg Itesateve OLS and/or MYT — —Laverage Distance Method ~——

005 © Classical
-~
Crtoal Aha Sequential Clossical
© Huber
—Reg Bmerght Tuning Constant -‘ & PROP !—Lev Huber and/as PROP
—— 1 (e e
Influence Function
Tunng Constart ol Leverage Estmales ——— Apha
~Reg Huber and/or PROP —— | Classwal Leveiage MDs Distibuscn
[-_—-005 " Sequential Classical @ Beta © Chsquae
ik F n  Robust (Median, MAD)
unct
e ondpha & (OKG [Matonna Zama |

 Regression MDs Distrbuban —, " KG [Not Orthogonahzed)

¥ PROP with Leverage  Beta " Chisquae ¢ MCD
~ Number of Regression lterations  — [~ Reg Multvanate Tiimming  —— 1 Number of Leverage Iteratons
| ) [ o1 10 oK Concel |
Mast=50) Peveaage IMas =50
Tale for Graph ! Regiession Lne Plat J
4
o Options in the window selected above represent options for the

regression methods with leverage.

The “Leverage Distance Method” remains the same for
any of the regression methods.

The “Classical” and “Sequential Classical” requires the
input of a “Critical Alpha”

The “Huber” and “PROP” requires the input of an
“Influence Function Alpha” and the “Leverage MDs
Distribution.”

The “MVT?” requires the input of a “Critical Alpha” and a
“Trimming Percentage.”

The Leverage Distance Method requires an “Initial
Leverage Estimates™ selection to start the computations.



Graphical Display for Method Comparisons Option.
Data Set: Bradu (X1 vs. Y).
Methods: OLS, LMS, PROP w/o Leverage (PROP influence function alpha for regression outliers = 0.2).

Data Set: Bradu (X3 vs. Y).
Methods: OLS, LMS, PROP w/o Leverage (PROP influence function alpha = 0.2).
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It is noted that the LMS (green line) method finds different sets of outliers when
compared to the PROP (violet line) method. As shown earlier, in multiple linear LMS
regression of y on x1, x2, and x3, observations 1 through 10 were identified as regression
outliers (and bad leverage points). Here the LMS regression of y on x1 (and also of y on
x2) also identified the first 10 points as regression outliers; whereas the LMS regression
of y on x3 identified observations 11, 12, 13, and 14 as bad leverages and regression
outliers. However, the PROP method, without the leverage option, identified
observations 11, 12, 13, and 14 as regression outliers and bad leverage points for all of
the regression models: y vs. x1, x2, and x3; y vs. x1; y vs. x2; and y vs. x3. In practice, it
is desirable to supplement statistical results with graphical displays. In the present
context, graphical displays also help the user to determine points that may represent good
(or bad) leverage points. Without the first 10 points, this data set should be used to
obtain any regression model.

Output for Method Comparisons.

Data Set: Bradu (X1 vs. Y).

Methods: PROP w/o Leverage (influence function alpha = 0.2), PROP with Leverage (initial estimate as
OKG, influence function as 0.05), and OLS.

Regression Line Plot

18

108

88

Mos
PROP (Mihout Leverage)
HPROP (With Leverage)

12 02 08 18 23 kL 48 58 €8 i (1] 98 108 1"s 128132
x1
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Output for Method Comparisons.
Data Set: Bradu (X1 vs. Y).
Methods: All (12 methods).

Regression Line Plot

Mos

Huws

[l terative OLS (Wehout Leverage)

I terstive OLS (Weh Leversge)

I PROP (Without Leverage)

I FROP (With Leverage)
Huber (Without Leverage)
Huber (With Leverage)

[ oiweigrt (Vanou Leverage)

[ Biweight (Wih Leverage)
MVT (Without Leverage)
MYT (With Leverage)

12 02 08 15 28 38 48 58 €38 78 88 98 108 ns 128
x1

As mentioned before, the user should select the various options carefully. It is suggested
not to select all of the available options to generate a single graph. Such a graph will be

cluttered with many regression lines. This is illustrated in the above figure.

Note: Sometimes a line will be outside the frame of the graph. In such cases, a warning message (in
orange) will be printed in the Log Panel.
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9.9.2 Multivariate R-R Plots
1. Click Regression B> Method Comparison B> Multivariate R-R Plot.

dows\ScoutSource\WorkDatInExce \STARELS])

ELALEA LAt LA

Nawigation Panel ’ 0 1 2 i oS » 5 7 8
LMS{LPS
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2. The “Select Variables” screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables” screen.

o Click on the “Options” button to get the options window.

o The options in the window shown below are the options when all
the check-boxes in the “Method(s) for Residuals on Y-Axis” are
checked. The default option is of plotting the “Observed Y”
against “OLS” residuals.
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o The options required for the various regression methods are
discussed in the previous sections of this chapter.

o Select a method for X-axis and one or more methods for the Y-
axis.

o Specify the required parameters of the selected methods in the
various options boxes.

o “Display User Selections™ option stores the user selected options
for the various methods into a new worksheet for reference.

o “Store Residuals to Worksheet” options stores the residuals of
each of the selected y-axis methods and the x-axis method in a new
worksheet.

o Click on “OK?” to continue or “Cancel” to cancel the options
window.

e (lick on “OK” to continue or “Cancel” to cancel the generation of R-R

Plots.

Output for R-R Plots.
Data Set: Bradu.
Methods: 13 (All) methods on Y-axis vs. Observed Y on X-axis.
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Data Set: Bradu.
Methods: 5 (OLS, LMS, Biweight, Huber and PROP with leverages) methods on Y-axis vs. OLS on X-
axis.
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9.9.3 Multivariate Y-Y-hat Plots’
l. Click Regression B> Method Comparison » Multivariate Y-Y-hat Plot.
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2. The “Select Variables™ screen (Section 3.3) will appear.

o Select the dependent variable and one or more independent variables from
the “Select Variables™ screen.

o Click on the “Options” button to get the options window.

o The options in the window shown below are the options when all
the check-boxes in the “Method(s) for Fits on Y-Axis” are
checked. The default option is of plotting the “Observed Y
against “OLS” fits.
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o The options required for the various regression methods are
discussed in the previous sections of this chapter.

o Select a method for X-axis and one or more methods for the Y-
axis.

o Specify the required parameters of the selected methods in the
various options boxes.

o “Display User Selections™ option stores the user selected options
for the various methods into a new worksheet for reference.

o “Store Residuals to Worksheet” options stores the residuals of
cach of the selected y-axis methods and the x-axis method in a new
worksheet.

o Click on “OK” to continue or “Cancel” to cancel the options
window.

Click on “OK” to continue or “Cancel” to cancel the generation of Y-Y-
hat Plots.

Output for Y-Y-hat Plots.

Data Set: Bradu.

Methods: 13 (All) methods on Y-axis vs. Observed Y on X-axis.
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Data Set: Bradu.
Methods: 5 (OLS, LMS, Biweight, and PROP with leverages) methods on Y-axis vs. OLS on X-axis.
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Data Set: Bradu.

Methods: 3 (OLS, PROP with and without leverage) methods on Y-axis vs. PROP with leverage on X-

axis.
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