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Abstract

ANALYSES WITH INCOMPLETE DATA:

A MONTE CARLO EVALUATION OF INTERVAL ESTIMATES 

UNDER SPECIFIED CONDITIONS OF SELECTION

by

Philippa Parry 

Advisari Professor Alan L. Gross

Tha prasant rasaarch exaaines astiaatas of tha 

ralationship batwaan two variablas darivad froa saaplas 

ahara salaction has takan placa. Pairad inforaation is 

prasant only for cartain salactad subjects and, froa such 

incoaplata saaplas, infaranca is to be aade for tha 

relationship in tha total group of applicants. Wa explore 

tha extant to which selection conditions and violations in 

tha underlying assuaptions for tha data structure affect tha 

value of tha astiaatas darivad.

In particular, a vector of test scores ( Xt ) is 

available for Nt subjects. Through a selection process, 

criterion scores ( Y ) are available for Ns selected 

subjects, Ns < Nt. For Nt -  Ns cases, however, Y scores are 

aissing. Wa want to astiaate the XY ralationship in tha 

fu ll applicant group, tha total saapla.

Estiaatas for the XY ralationship in tha total saapla are 

darivad froa a probability distribution of tha aissing Y
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scores. These estimates for regression coefficients, 

residual variance, and difference coefficient, have been 

derived under restrictive conditions for the sampling 

distributions and selection modes. This research evaluates 

the accuracy and sensitivity of these estimates when the 

underlying assumptions are violated.

A 4 x 3 factorial design is created setting 4 

distributional types against 3 selection modes. At least 

100 simulated samples are computer generated for each 

distribution-selection condition and expected values are 

computed for each estimate.

Cell (1,1) investigates the accuracy of the proposed 

interval estimates when the assumptions of the model are 

met) the remaining 11 cells explore and compare the effects 

of separate, as well as simultaneous, violations of 

distribution assumptions under each specified selection 

mode. An estimate for the total sample correlation is 

computed and evaluated as well.
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INTRODUCTION

There are a  variety of reasons why researchers eay 

want to do statistical analyses of incoeplete data.

Attrition during an experiment eay account for missing 

observations and even missing cells in some design 

structures. In questionnaire type data a frequently 

encountered problem is the reduction of the data set through 

nonresponse. In situations where selection is based on a 

certain set of test scores, missing data is involved in the 

test validation procedures since criterion measures are 

available for the selected sample only. For whatever reason 

data become missing, whether through transcription errors, 

random loss, nonresponse, selection procedures or 

experimental design, i t  is important to pursue statistical 

models that may shed light on when we can reasonably ignore 

missing data and when we can Justify the derivation of 

information from samples with missing data.

Hocking and Speed (1978) have reviewed a series of 

commonly used procedures in Analysis of Variance with 

unbalanced data, that is, when observations as well as cells 

are missing in factorial designs. Their work calls 

attention to the distortions that occur in hypothesis 

testing when data are unbalanced. Freund (1980) has 

evaluated the results of analyses with missing cells in



ANOVA using two distinct computer routines. His work 

illustrates that i t  is extremely unclear exactly what is 

being tested under certain configurations of the available 

data. I f  analyses are to be useful, i t  is ieportant that 

conditions for the available data, the eissing data, and 

assueptions about their relationship be precisely defined. 

The research of Robert and Janet Elashoff (1966-1969) and of 

Rubin (1973) distinguishes between data that are aissing at 

randoa and those for which specific conditions aay be 

defined. There exists an extensive literature on procedures 

for parameter estimation in cases of randomly aissing data) 

the area of nonrandomly missing data is relatively  

unexplored.

The concern of the present research is the situation 

where selection in admissions for college, special project 

or personnel recruitment, is based on a set of test scores 

(X). Validating the test with criterion measures like  

grade point average or job performance assessment, involves 

missing data since criterion scares (Y) are available for 

the selected sample only. Questions of practical concern 

arei How good a predictor is the test? What would be the 

correlation of X and Y scores i f  everyone were admitted? 

What are the effects of certain selection procedures on the 

validity estimates of the test? What difference in 

criterion scores might we expect between the selected and 

unselected groups? How sensitive to variations in
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assumptions arm thm estimators that might provide answers to 

the above questions?

A review of attempts to address these questions 

reveals four principal areas of research!

1. Reconstruction of the total sample from an 

incomplete subsample to provide estimates of total sample 

statistics. This is not the same as parameter estimation, 

where the emphasis is to infer characteristics of the 

population on the basis of samples. Here we are interested 

in the XY relationship in the total group that sight have 

existed i f  selection had not taken place.

2. Examination of selection procedures to understand 

their precise effect on estimators. Gulliksen (1950) has 

provided numerous formulae that relate parameters in cases 

of explicit or incidental selection on one or more 

variables. He cautions that the actual selection facts of 

a given situation determine the choice of the formula that 

is appropriate. The problem then is to correctly identify 

the basis of selection. I t  is not always apparent which 

variable actually determines selection ; we may need to 

assess the "actual" versus the "intended" role of X as a 

predictor of Y. Further, selector variables may be 

unavailable, or d iffic u lt to measuref there is need, 

therefore, for procedures that might accomodate a wider 

range of selection models.

3. Investigation of the robustness of estimators.

-3-



The 1 invar nodal provides the theoretical franawork for 

astiaators that haw b«m produced in this area of study.

Ths usefulness of these sstisators becoees quastionabla whan 

tha strong distributional assuaptions of tha aodal ara not 

satisfiad by tha actual data. In particular, praliainary 

invastigation suggasts that linaarity is aost frequently 

violated under salaction conditions. Monte Carlo aathods 

ara especially suitable for assessing tha affects of aodal 

violations on the proposed astiaators.

4. Exploration of intarval astiaatas for the 

statistics of interest. Point astiaatas for tha papulation 

XY correlation,^ , have bean invastigatad for their 

properties under varying saapla sizes, salaction ratios, and 

parent population characteristics. Findings ara that these 

astiaators over- or under-estiaate tha paraaeter whan aodal 

assuaptions ara violated, whan selection is axtreoa, and 

whan correlations ara low. Thera is an obvious lia ita tion  

whan « single value is produced as an astiaatai i t  provides 

a single dieension of inforeationi greater than, lass than 

or equal to tha quantity of interest. Confidence intervals 

as estiaatas enhance tha location inforeation with a law l 

of assurance. We see interval astiaatas, therefore, as 

aore inforaptive devices than the typical point estiaatas.

The particular concern of this investigation seergas 

froa the issues outlined above. Reconstruction of the

-4-



total sample was achieved by the construction of a 

predictive probability distribution for the missing 

criterion scores. This led to the derivation of interval 

estimates of the XY relationship in terms of the constructed 

distribution. This dissertation provides a comprehensive 

evaluation of 1) the accuracy of the interval estimates and 

2) the robustness of the estimates under various 

distributional assumptions and selection modes.

By means of a 4 x 3 factorial structure and simulated 

samples the effects of nonlinearity, heteroscedasticity, and 

their simultaneous occurrence, could be explored under 

selection conditions that are typically encountered in 

practice. In addition to selection explicitly on the 

predictor variable, we explore Compensatory selections 

selection on a composite of X and Z, which does not mandate 

a minimum score on either variable, and where, in effect, Z 

might compensate for X. The third selection mode, Multiple 

Cut-off selection, sets minimum scores on both X and Z and 

guarantees the involvement of the variable of interest in 

the selection process.

The investigation involved the generation of over 4 

million random numbers in more than 10,000 bivariate and 

trivariate distributions. This was done on a microcomputer 

and the programs written in Basic are readily adaptable to 

other systems.

In this research we were able to illustrate
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convincingly that tha intarval astiaatas of tha XY 

ralationship in tha total saapla ara reliable, consistant, 

and possass a raasonabla pracision for usa in practical 

applications whan tha conditions of tha aodal ara aat. In 

addition, tha astiaatas ara shown to ratain usaful 

propartias avan whan tha distribution conditions ara 

violatad providad that tha pradictor variabla has spaci f ic 

involvaaant in tha salaction.

Tha problaa of aissing data is a racurrant ona in 

educational rasaarch. An understanding of the sensitivity 

of astiaatas to violations in tha underlying aodal benefits 

future applications where real data ara involved.
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CHAPTER I

REVIEW OF THE LITERATURE

1. Overview

Blu»on and Staalin (1975) identify two major thraads 

i n  tha litaratura on missing data analyses*

1) Tha statistical approach which ralias on classical 

estimation mathods lika laast squares and maximum 

likelihood, has the advantage that tha underlying modal has 

tractable characteristics that allow for analytic 

evaluation. However, tha analytic nicety of this approach 

necessitates strong distributional assumptions that might 

restrict its  applicability in a large class of actual 

research data.

2) The heuristic approach, more pragmatic methods geared 

less to the data generation process,emphasizes instead 

maximum usefulness of the available data. This is 

illustrated in methods where information from the incomplete 

sample is used to refine in it ia l estimates obtained from the 

complete portion of the sample (Hocking and Smith, 1968), 

and in the considerable multivariate literature where 

estimates for missing entries reconstruct the total sample. 

The evaluation process in the heuristic category relies on 

comparative judgement of efficacy among the different 

methods; this is generally achieved through Monte Carlo 

studies.
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Another important consideration is the distinction 

between studies where data may be assumed to be aissing at 

random, and those which involve nonrandomly missing data. 

Although estimation methods in both types of circumstances 

might exhibit parallels, the conditions and assumptions 

concerning the missing data feature in the formulation of an 

appropriate model. When the processes that caused the 

missing values cannot be ignored, as in selection or 

censoring, models must deal with the nonrandom missing 

values as well as the given data configuration.

Where explicit selection on X, say, has produced the 

missing data, the problem of inferring the total XY 

relationship is often referred to as the problem of 

“restriction of range". Studies in this area are directed 

at parameter estimation from the information in the selected 

group where the "range", in terms of variance, is  

restricted. The major problems in restriction of range 

derive from the failure of real data to satisfy the 

linearity and homoscedasticity assumptions of the underlying 

model, and the confusion about the actual basis of 

selection.

Again, i t  may well be that models underlying the 

selected and unselected samples d iffer radically. A linear 

model may not hold for the total sample whose 

characteristics we want to infer, even though we may be able 

to analyze the selected sample data under a linear model.

-8-



For those reasons, more flexible estimation methods than the 

traditional statistical approaches are sought.

We Mill examine the problem of this dissertation 
Mithin the context of previous research involving missing 
data. In section 2 Me Mill briefly discuss the statistical 
estimation methods that have been applied to this area of 
study, emphasizing how missing entries Mere handled, Mhat 
the goals of the estimation process Mere stated to be, and, 
finally, the types of distributional assumptions that were 
necessary.

Section 3 w ill deal more extensively with the issues 

in nonrandomly missing data analyses. Here we will examine 

the theoretical framework of the problem and discuss 

research related to selection models, point estimators and 

confidence intervals. Bayesian methods from which the 

estimators evaluated are derived w ill also be reviewed.

The final section of the literature review, Section 4, 

w ill treat the heuristic approach which characterizes the 

current trend in missing data analyses. Although research 

here is primarily related to data aissing at random, there 

are interesting illustrations of maximally accomodating 

available data in refining estimates. Studies from 

bivariate and multivariate analyses are examined for their 

impact on the design of the current study.
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2. Statistical Estimation Methods

The preferred statistical procedure in the research 

reviewed has been maximum likelihood estimation. This is 

because maximum likelihood estimators possess the desirable 

properties of sufficiency, efficiency and in most cases 

consistency.

In maximum likelihood estimation we want to compute 

the sample statistic that maximizes the likelihood function, 

i .e . we want to obtain an estimate of the ppopulation 

parameter that makes the observed sample most likely.

Maximum likelihood estimators are sufficient* they u tilize  

all of the information on the parameter that the sample 

contains, and are, in effect, the most likely representative 

of the parameter that the sample produces. Maximum 

likelihood estimators are efficient* based on the minimum 

variance principle the more efficient estimator w ill have 

smaller sampling variance; maximum likelihood does well 

against other methods. If  the observations come from 

identical dsitributions, maximum likelihood estimators are 

consistent* as sample size increases the maximum likelihood 

estimate tends to the true parameter value. The sampling 

distribution of a maximum likelihood estimator is  

asymptotically normally, distributed.

The major disadvantage in maximum likelihood is that 

there is bias in many cases. With large sample sizes there 

is no problem because of the consistency property; when N

-10-



is small, the issue o-f bias and its  precise effect must be 

resolved.

Analyses o-f a variety of missing data patterns have 

been conducted by Lord (1955), Anderson (1957) and Nicholson 

(1957) using Maximum likelihood. The underlying structure 

in each case was a multivariate normal model and the 

equations for the likelihood functions were quite 

complicated sometimes. In fact, Anderson’ s work was 

offered as a simplification for estimating means, variances 

and correlations by the maximum likelihood method.

Another statistical alternative, the method of least 

squares, provides the best unbiased estimators for the 

linear model. This was the method used by earlier 

researchers, in classical as well as modified forms, to 

estimate means and regression weights. A fifi and Elashoff 

(1966) have done an extensive review of this literature and 

what emerges is the heavy reliance on normality assuNiptions 

and the minimal use made of incomplete data. In effect, 

estimates depend only on the complete saM̂ ile) partial data 

in the variables with missing entries are discarded. I t  

follows, then, that when the number of complete cases is  

small relative to the total sample, least squares estimators 

may not perform as well as other methods. The work of Lin 

(1971) in estimating difference of means in samples with 

missing data from a bivariate normal population, 

demonstrates that maximum likelihood is more efficient than

-11-



least squares when there is a moderate number o-f complete 

pairs of observations.

When the structure underlying the data is of known 

distributional form, the statistical methods when applied 

will exhibit predictable properties. Least squares 

estimators may sometimes coincide with maximum likelihood 

when populations have a normal distribution. When the 

underlying distribution is blatantly not normal, as in 

limited range questionnaire response data, both estimation 

methods for missing data may be useless. Since most 

practical research produces irregular probability functions, 

there arises the need to weigh the attractiveness of 

analytic methods against the severity of model violations. 

The search for estimation techniques that u tilize  the 

information collected, and, at the same time, rely less 

heavily on the assumptions of the multinormal model 

continues.

Pragmatic alternatives to the statistical approach 

have as their main feature the estimation of missing 

entries. Earlier research, except for Wilks (1932), showed 

l i t t l e  interest in value substitution for missing data 

points. Heuristic methods are documented for multivariate 

analyses reviewed in a later section.
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3. Issues in Nonrandomly hissing Oats Analyses

3.1 Estimating the XY relationship

In considering the problem, i t  is valuable to note th« 

theoretical relationship between parameters of a selected 

(selection based on X), and a total population where no 

selection has occurred. This is illustrated in the 

equationi

'xy
» x *  1

1 ♦ — (  1 )
2 2 

* W  P .'xy*

-.5
1.1

* refers to the selected population
2

» , P denote variance and correlation respectively

The assumptions of equation 1.1 are: (Lord and Novick

(1968) p .142)

1) the true regression function of Y on X is a linear 

function throughout the domain of X:

E(Y X) = « + 0X 1.2

2) the conditional variance of Y, given Xv does not depend 

on X

2 2 
* (Y I X) •  9 (Y I X') for a ll X, X' 1.3

This says, in effect, that the minimum mean square error
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regression function is not affected by explicit selection on 

X) the saee regression line holds throughout. Equation 1.1 

is not an estieate, but rather yields the exact relationship 

between the paraeeters of a fu ll population and a papulation 

selected on X.

In problems where one must estimate the population 

correlation between X and Y <̂ xy> using an incomplete XY 

data set, the same basic assumptions of linearity and 

homoscedasticity underlie the estimate. In particular, 

under the assumption that the sample is drawn from a 

bivariate normal population, selection is based on X, and Y 

measured for only the selected cases, Cohen (1995) derived 

the maximum likelihood estimator of the population XY 

correlationi

A
P xy

2
sx

r 2 —
sx 1 —.3

1 ♦ ------< — -  1) 
2

r

1.4

Ns
V  _2 
^  <x -  x ) /Ns, variance

X0 in the selected group
i-1 i s

correlation between X and Y in the selected group

A ~ the maximum likelihood estimator of the
2 

9 9
X

population variance of X, its  representation 

depending on the conditions of selection.

Equation 1.4 with the maximum likelihood estimates 

substituted for the parameters, is identical to 1.1.

-14-



Whereas equations 1.1 and 1.4 consider the population 

correlation ( f i x y ) , one might be interested in the 

correlation between X and Y in the total applicant group 

(Rxyt). Using the same format as for the parameter 

estimator ^xy, one might consider R a likely estimate of 

Rxyt s

R =

2
Sx

2
sx 1

1 +  (  1 )
2 2 

Sx r

1.5

variance in the total group for X

One would then need to examine the accuracy of this point 

estimate in the same way that studies concerned with 

estimating f i x y  have investigated bias and mean squared 

error. One would expect to deal with the issues of point 

estimators raised in Section 3.3.

-15-



3.2 Conditions of Selection

The assumptions that govern the choice and ultimate 

usefulness o-f estimators in missing data analyses are 

related to the processes that cause the data to be missing. 

Where data are missing at random, researchers may choose to 

abandon consideration of the data generation process and 

concentrate on the resulting pattern of observed data. In 

nonrandomly missing data analyses the applicable aiodel is 

determined by the selection process that gives rise to the 

unobserved data.

As we have noted in the preceding section, estimates 

for ^xy depend on the conditions of selection. This Mans 

essentially that the estimates depend on the information in 

the available data. Cohen (1953) explains the distinction 

between censored samples and truncated samples. Discussion 

of these and other issues in selection follow.

Censored samples

In this category the size of the total sample Nt is 

known. X scores are available for Nt subjects, while Y 

scores are only present for Ns, Ns < Nt. Here, where there 

is a Masure Xj for each subject in the total sample, the 

variance in the total sample is computed:

2
Sx « variance in the total sample 

Ns
= V  (x -  57 ) /Nt 

i-1 i t
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2
and this value is substituted for ?x in Equation 1.4 The 

equation is useful regardless of the manner of selection on 

X.

Truncated Samples

In truncated samples the number of unmeasured cases is 

unknown. Here X and Y scores are observed for Ns cases 

and each xA satisfies the restriction x4> x’ or x̂ < x’ , le ft  

or right truncation on a specified cut score x’ . Neither 

X nor Y is measured for Nt -  Ns unselected cases and the 

size of the unselected sample is unknown. For this reason 

we need a different computation for the estimate of 

population variance from the one used in censored samples.

In the le ft truncated sample, for x > x * , £2  in Equation 1.4 

is replaced byi

2
sx + $ < x -  x' > 

s
where $ can be obtained from a table compiled by Cohen 

(1961).

Modified Restrictions in Samples

Modifications of censored and truncated sample 

estimators of validity will apply in 1) doubly restricted 

samples, where the selected sample consists of subjects 

whose X scores fa ll in some specified ranges x' < x < x M , 

where x’ and x" denote fixed boundary scores, or 2) samples 

where a proportion of subjects are selected for measures on

-17-



Y, tht proportion and manner of selection determined by 

certain criteria , e.g. 10% of subjects above x*f and 30X 

below x' form the selected sample.

Exact use of the formula in Equation 1.1 requires the 

population standard deviation on one of the variables, 

typically X. For the case of selection on X where the 

selection ratio is known, e.g. top 10%, but the standard 

deviation of X in the applicant population is unknown, Sands 

et a l. (1978) provide a table of estimates of the 

correlation between X and Y corrected for restriction in 

range. These estimates depend on the selection ratio and 

represent a modification of the censored sample case.

£  P X V #  2 1

J  2 Z y y  2 2
f  C 1 -  0 > C 1 ♦ -------------( - )  3 + P

xy* ♦  $  xy*
* refers to the selected population

♦  ■ the selection ratio

Z » the standard normal deviate corresponding to $

y *  the ordinate on the standard normal curve that

corresponds to Z 

In this case the variance ratio, selected to to tal, is 

replaced by a quantity representing selection ratio , and use 

is made of the properties of the normal curvet 

2
sx z y y 2
—  =  1 +  (  -  )  2 .2
2 <t> <t>

Sx
The normality assumption is clearly a central feature of
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this formula and i t  allows for corrected validity  

coefficients as a function of the selected group features 

and selection ratio.

Cohen (19S5) notes in his censored data studies that 

"the process to select X may d iffer from the process to 

select which X’ s have Y measured." This indicates the 

complexity of modelling selection processes and illustrates  

again that the issue is not simply truncation or restriction 

in range in many cases, though these fora subsets of 

nonrandomly missing data analyses.

In practice i t  is true that other variables besides 

test scores affect selection) some are readily quantifiable 

and may be weighted to perform as a univariate selector. 

Variables like interviews, letters of r ecommendation, sex, 

may be recorded formally and used in some consistent way in 

the selection process. However, because of the d ifficu lty  

in assigning quantitative relationships among such 

variables, these need not be included in the analysis.

One may assume that the probability models underlying 

the distribution of Y scores in selected and unsetected 

groups are identical i f  one of the following conditions 

hoidst

1) selection is solely on X.

2) selection is based on X together with a set of 

Z-variables, (Zl, Z2, ...Zk) where Y and Z are conditionally 

independent given X.

For example, i f  X is an admission test score, Y is freshman
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grade point average, and the Z variables are sex and 

geographic location, i t  may be plausible to assume condition 

2. This, however, is seldom the case when other measured 

variables are present.

Linn (1968) explored the problem o-f using an available 

measured variable as i f  i t  were the explicit selector. He 

examined ^xy in Equation 1.1 to see what effects there would 

be i f  selection were based, not on X, but on some other 

variable Z. Fixing the correlations between the predictors 

X, Z and criterion Y respectively at .6, and varying the 

correlation of X wih Z and the selection ratio, he computed 

the corrected XY correlation. Compared with the given .6 

value, the calculated ^xy overestimated for <<oxz < .3 and 

underestimated for / oxz   ̂ .3. The over- or 

under—estimation varied directly as the selection ratio.

Cohen (1937) provided maximum likelihood estimates for 

>»xy when selection is in terms of a third variable, Z, say. 

Assuming that the joint distribution of X, Y and Z is  

trivariate normal in the applicant population, the estimate 

has the following form:

r ♦ k r r
xy* xz* yz

?xy(z) ■ 2.3
2 2 3

C ( 1 + k r ) 1
xz* yz*

2

k -
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* refers to the statistics of the selected group

2
* the maximum likelihood estimate of variance

z
Nt 2

■* y: (z -  ? ) /Nt for censored samples.
i= l i t

For selection on a third variable Z, xy(z) typically 

yields a value greater than the computed XY correlation in 

the selected group. This is consistent Mith the idea of 

reduced variance in the selected group, so that the ratios 

of variance, selected to total, are less than 1. Levin 

(1972) has illustrated that i t  is possible for the 

correlation in the selected sample to exceed the maximum 

likelihood estimate. I f  a third variable Z has extreme 

correlations Mith X or Y, (close to 1 or 0), then i t  is 

possible for rxy (the correlation of X Mith Y in the 

selected group) to exceed /frxy(z).

I t  appears then, that relationships among measured 

variables that are included in the selection process need to 

be carefully assessed. I t  is important also to identify 

the actual basis of selection. Roe (1979) suggests a 

strategy for differentiating "intended" from "actual" 

selection. His method may be viemed as an effort to reduce 

a multivariate selection to an essentially univariate one, 

but i t  also represents a means of including available 

measured variables, Zl, Z2, ...Z k , in an approximation of 

the explicit selector. Roe constructs a selector variable 

based on the role of each variable in the selection that 

actually took place. Using 8 * 1, 0, selected or
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unselected, a regression equation is constructed using the 

Z-variables as the predictors. The predicted S value is 

given as 2

S = bo + blZl + ____ bkZk

It  the point biserial correlation between S and 8 is high, 

we treat S as the explicit selector variable, that is, 

equate X with S.

I t  is noted that the Roe method because of its  use of 

regression weights in constructing a selector variable, 

involves additional sampling variance in the maximum 

likelihood estimates. On the other hand, this method does 

provide a preliminary means of examining data vis a vis the 

assumptions that govern the estimators that we may use.

For example, i t  would be inaccurate to use a correction 

formula that assumes selection explicitly on X when the 

correlation of X with S is low.

In summary, equations are available to correct for the 

results of selection; in order to choose the most 

appropriate one for a particular situation we need to f i t  

the data generation process to an appropriate selection 

model.
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3.3 Evaluating Point Estimators

The properties o-f the maximum likelihood estimator o-f 

validity in censored samples, Equation 1.4, have been 

investigated in several empirical studies, (Lord and Novick, 

1968). Since its  sampling distribution is unknown, 

conditions that determine bias, consistency and efficiency 

are the subject of study. Under certain conditions £xy 

has been shown to perform better than the uncorrected 

correlation estimate from the complete, or selected sample.

Kagan (1977) investigated bias and mean squared error 

of xy as an estimate of the population parameter and 

found that i t  was consistent as a point estimator only when 

the selection ratio  was moderate, sample size greater than 

or equal to 40, and correlation in the population greater 

than or equal to .5.

Lord and Novick (1968) note the tendency for test 

score data to violate linearity and homoscedasticity, (the 

two assumptions of the^xy formula), at the extremes of the 

distribution. The sigmoid shaped distribution, flattening 

at the ta ils  of the line, has been proposed as more 

representative of actual selection data. Greener and 

Osburn (1980) examined ^xy under varying degrees of 

linearity and homoscedasticity violation in simulated 

samples. They considered mild and extreme cases of three 

distribution types graphically expressed as sigmoid, 

fan-shaped and football, and set these against the normal 

linear case. For each of the seven cases they simulated 9
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bivariate distributions each with 4000 observations -for 

correlation values .1 through .9. They were able to report 

that the corrected correlation £xy was better than the 

uncorrected for Moderate selection ( 40X or less screened 

out), and that extrmne violations yielded poor estiMates.

There are some indications that linearity and 

hoffloscedasticity violations may compensate for each other; 

however, the Greener and Osburn study investigated these as 

isolated conditions and did not examine simultaneous 

violation. In addition, since they simulated entire 

distributions with such a large set of observations, the 

applicability of their findings to samples typically 

encountered in practice is s t i l l  uncertain.

Sample size, selection ratio , and the size of the 

observed correlation between X and Y are factors that affect 

£xy, causing an over or under estimate of the validity of X 

as a predictor of Y. I t  is the interdependency of these 

factors that prevents precise analytic definition of the 

behavior of the estimator with respect to bias, and makes 

continued investigation necessary. For this, confidence 

intervals rather than the typical point estimates promise 

greater usefulness for the practicioner.
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3.4 Confidence Intervale

Monte Carlo studies by Forsyth (1971) and Gullickson 

and Hopkins (1*976) tested their confidence interval 

estieates for <oxy. In order to c larify  the inferential 

properties of his estimate Forsyth used Fisher’ s log 

transformati on t

Zr -  .5 LOGe t (1 + r ) (1 -  r) 3 

with standard error l / ^ N - 3

and generated 24 sampling distributions, each with 1000 

points, for three sample sizes (23, 50, lOO), four selection 

ratios (10, 23, 50 and 75%) and two population correlation 

values (.8 and .5 ). His work showed that for the 

traditional standard error datas

1) for a given correlation value and selection ratio , the 

standard error of estimate is independent of N

2) the stringency of selection increases the variance of the 

estimate

3) as the correlation increases the estimate improves. 

Forsyth found that with the same population correlation his 

empirical solution for a given N agreed with the Pearson 

value for a smaller N, and that this was consistent. He 

then proposed a technique of "scaling" for sample size in 

the standard error formula, arriving pretty much by tr ia l 

and error at a formula that improved results. Gullickson 

and Hopkins (1976) argue that although Forsyth’ s adjustment 

could be shown to increase the proportion of confidence 

intervals enclosing the population correlation value, he had
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not solved the interval estimation problem. Forsyth shotted 

that the standard confidence intervals can be quite 

inaccurate for selected samples. Gullickson and Hopkins 

used a modified estimator of f i x y  rather than the maximum 

likelihood estimator, and though they could not extract a 

simple formula they provided a series of nomograms that 

could yield confidence intervals once their estimator had 

been calculated.

Useful information about the conditions that determine 

precision of the interval estimates has been provided by 

these studies, e.g. the greater the selectivity the eider 

the interval, and precision is recovered, interval width 

reduced i f  N is increased or the estimated correlation value 

increased. In addition, Gullikson and Hopkin’ s work 

provided a test for the hypothesisi A  ■ 0. Investigation 

of confidence intervals based on the maximum likelihood 

estimator s t i l l  remain to be done, and these for statistics  

of the total sample are undertaken here.
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3.5 Bayesian Methods

Rubin (1977) proposes a technique that allows 

quant i-fi cat ion o-f the sim ilarities and dissimilarities in 

missing data samples. This involves constructing a prior 

distribution -for the parameters o-f the incomplete sample 

given the complete sample parameters. Using the observed 

data, a conditional probability interval is derived for 

those statistics that would have been calculated i f  data had 

not been missing. Rubin’ s research concerns questionnaire 

response data where conjectures about the nonrespondents are 

formalized in the construction of prior distributions. He 

assumes that the same statistical model underlies the 

complete and the incomplete samples and relates differences 

in parameter values, slope, intercept and variance to other 

processes.

Earlier work by Gross and Perry (1983) explored an 

extension of Rubin’ s method considering cases where the 

underlying models are assumed to be 1) equal and 2) unequal 

in parameter values) later research produced the interval 

estimators described in Chapter I I  and Appendix 1. On an 

actual data set, applied to a selection problem for N * 152, 

encouraging results were obtained for the total sample 

statistics for which interval estimates have been derived.

The fundamental features of the Bayesian interval 

estimate strategy aret

1) Constructing a prior distribution for the parameters 

which underlie the incomplete or unselected sample, given
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the selected sample parameters. I f  6s and 6u denote the

parameters of the selected and unselected samples 

respectively, P* (6u I 6s) formalizes prior assumptions 

concerning the sim ilarities or differences in the sample 

models.

2) Using the X,Y data of the selected sample, a set of 

sufficient statistics, Ds, is computed. For our case, 

these are the regression weights and residual variance.

The posterior distribution of 6s given Ds is computed for 

the complete sample using Bayes Theorem!

P"(6sI Ds) « P’ (6s) L(Ds|6s) 5.1

where P (6s) is the. marginal prior for the selected sample 

parameters and L(Ds|6s) is the likelihood function.

3) The posterior distribution of 6u given Do is computed asi

4) The predictive distribution of the missing Y scores given 

the X data in the unselected sample and the selected sample 

information may be obtained as follows!

Pred(Yu|Xu, Ds) - J  PM(6u|Ds) L(Du|6u) d6u 5.3 

where Du represents sufficient statistics from the 

unselected sample, from its  X data.

5) I f  the predictive distribution of the missing Y scores is 

known, probability distributions for the statistics of 

interest may be obtained and interval estimates constructed.

The Bayesian method allows for subjective analyses to 

be quantified in the specification of the prior 

distribution. In the case where there is vague prior

5.2
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information and a uniform distribution is assuaad, estimates 

resulting from the posterior distribution are identical Mith 

classical aaxiaun likelihood, depending entirely on the 

observed data.

For selection explicitly on X, or on X and a set of 

other variables assumed to be conditionally independent of 

Y, given X, the models underlying the selected and 

unselected samples are assumed to have equal parameter 

values, ©u * 6s. Estimates for regression coefficients and 

residual variance in the total sample can then be centered 

about the corresponding values in the selected sample. The 

interval estimates evaluated in this study have been derived 

by this method.
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4. Heuristic Methods

When XI, X2, . . .  Xn variables are involved, analyses 

that take into account only complete n-tuples sacrifice a 

great deal of information. Hocking and Smith (1968) aimed 

for a more general method than the patterned cases of 

missing data that occupied earlier practicioners. They 

developed the procedure by grouping variables into two sets, 

one for which a ll variates were observed and the other for 

which there was some subset of observations. This may be 

viewed as a meta-analysis of our problem. Starting with 

parameter estimates from the complete set, they produced 

modifications by optimally adjoining sufficient statistics 

from the incomplete set. Monte Carlo studies were done on 

two examples using 1000 data sets to investigate small 

sample properties of the estimators. Considering a "nested" 

and "non-nested” example with total sample size 50 and 55 

respectively, they illustrated by comparing the cases 1) 

when the incomplete information is ignored, 2) when only one 

group is adjoined, and 3) when a ll data is used, that their 

technique was consistent and efficient. For the nested case 

they were able to establish equivalence with maximum 

likelihood estimators. The model for this work was a 

multivariate normal distribution.

In the general multivariate literature the major 

concern is the estimation of the variance-covariance matrix 

or the correlation matrix, so that factor analysis or other 

multivariate techniques may be efficiently employed. Though
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some researchers set out to predict correlation matrices 

directly by regression or extensions of regression methods, 

others are involved mith sample reconstruction, actual 

estimation of the missing data points.

Timm <1970) extended the ideas of Wilks (1932) for 

reconstructing the data matrix Y, a random sample of N 

p-variate observations mith missing data from a multivariate 

distribution. Using Monte Carlo analysis he compared three 

methods mith respect to their ab ility  to predict either the 

variance-covariance or correlation matrix. In one case the 

mean of a ll nonmissing values for a variable Mas used to 

estimate missing values, in another, the regression equation 

estimated missing entries, and in the third, the principal 

components solution of the known submatrix estimated the 

unknown elements. No uniformly best procedure emerged from 

this study; many conditions were varyingi sample size, 

number of variables, percentage of missing data, and average 

intercorrelations. The methods were assessed against the 

complete matrix. Timm’ s work, though not definitive because 

of the diffuse scale of his undertaking, inspired much of 

the later research in the multivariate domain.

Gleason and Staelin (1975) acknowledged the strong 

influence of Timm's work in their own research, comparing 

estimation methods for missing data in multivariate 

analyses. They reviewed a regression equation method where 

nonmissing entries are treated as independent variables and 

the regression equation, derived from complete submatrices,
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estimates missing entries. They note the equivalence o-f the 

solution produced by this technique and maximum likelihood 

estimates, but propose a principal components solution that 

is both computationally simpler and -faster than regression.

Finkbeiner (1979) compared a maximum likelihood method 

of estimating parameters of the multiple factor model with 

five heuristic methods that included mean replacement for 

missing data, regression replacement and principal 

components estimates. He chose a sample size of 64, a 

borderline size between large and small samples that he 

documents, and with 50 replications for each pattern ran a 

Monte Carlo study. The mean replacement method was shown to 

bias variance-covariance estimates downward, but i t  was good 

with respect to mean squared error and cheap in terms of 

computer time. Maximum likelihood though possessing good 

analytic properties was a very expensive method.

In multivariate regression Glasser (1964) showed that 

estimates for regression coefficients are consistent when 

a ll pairs of observations for each pair of variables are 

used in the computation. The efficiency of his approach 

depended on the correlation among the independent variables 

and the proportion of observations missing, but no 

assumptions were made about the distribution of the X 

variables. The only assumptions were that the data were 

missing at random and that the conditional distribution of 

Y, given X, was norpal.

The literature illustrates the variety of heuristic
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methods aimed at reconstructing the situation when the data 

are complete. Although there is disagreement about the 

precise application of incomplete data, there is, 

nontheless, strong committment to defining its  involvement 

in data analyses. Evaluations of heuristic methods rely not 

only on the classical concepts of efficiency and 

consistency, but include the speed and cost of running the 

algorithm.
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CHAPTER I I

EMPIRICAL INVESTIGATION

1. Objectives o-f the Investigation

The principal objective is to provide a comprehensive 

evaluation o-f the interval estimates proposed for inferring 

the XY relationship in the total sample. Interval 

estimates have been derived for BO and Bl, the regression 

weights for the total sample of applicants, for the residual 

variance S2e, and for the difference between criterion means 

in the selected and unselected samples, D ■ Vs -  7u, (Gross 

it Perry, 1983). A summary of the general method is given 

in Appendix 1. These estimates have been derived under 

restrictive conditions; there is need to evaluate their 

significance and accuracy when the assumptions are violated. 

In particular, the present research assessesi

1) the accuracy of the estimates of the 4 total sample 

statistics when the linearity and homoscedasticity 

assumptions of the underlying model are met.

2) the robustness of the estimates under selected conditions 

of linearity and homoscedastic violations, and under 

particular choices of selection modes.

3) the usefulness of R, a derivative of the Pearson 

correction formula, as an estimate of the XY correlation in 

the total sample.
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2. Definition of Estimates and Procedures

2.1 Statistics for the Total Sample

A vector of test scores (Xt) is available for Nt 

subjects. Through a selection process criterion scores (Y) 

are present for Ns selected subjects, Ns < Nt. For Nt -  Ns 

cases, Y scores are missing. A schematic illustration is 

given in Figure 1.

The problem might occur when candidates are admitted 

to an institution or training program, and the statistical 

concern is to infer the XY relationship in the total 

applicant group. On the basis of such information one 

might conceivably justify admission, or denial of admission, 

of a given candidate.

The population of interest here is a fin ite  group of 

applicants; we are concerned with the inference of total 

sample statistics from incomplete data as distinct from 

parameter estimation for an in fin ite  population. In 

particular, the goal is to reconstruct the missing Y scores 

of the unselected cases. The predictive probability 

approach yields a distribution for the missing Y scores from 

which estimates of total sample statistics are derived.

The following statistics for the total group are of 

interest:

1) Rxyt the correlation between X and Y in the total 

applicant group

2) BO and Bl the least squares weights for predicting Y from 

X in the total applicant group, Y = BO + BIX + e
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3) S2e the residual variance

4) D * Y* -  Yu, the difference betweer 

in the selected and unselected groups.
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Figure 1
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2.2 Equations for Interval EstiMates

Regression weights in the total saaples

1) BO ■ bo i  Ao

2) B1 > bl i  A1

Ao

A1

2 2 _.5
SSx «• Nt 7( SSe, \  /SSx, + Ns X. SSx + Nt X \  

Ns -  2/ \  Ns SSx , Nt SSx /

L\Ns -  2 /  \  SSx* SSx /J

t (Ns -  2) 
.975

t (Ns -  2) 
.975

• refers to the selected group 

bo(bl * regression constant and slope in the selected saaplt

SSe * residual s u m of squares

SSx = sue of squares for X

t.975(Ns -  2) ■ .975 percentile point on a t-distribution

with Ns -  2 degrees of freedoa

95% confidence interval for the residual variance in 

predicting Y froa X in the total saaple is givens

3) 61 /(Nt - 2) s< S2e s< G2/ (Nt -  2)

SSe*
61

r ss«* i
------------- [ FMNu

L Ns -  2 J
,Ns -  2) (Nu) + Ns -  23
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‘ _ S S e . _ - j  

.Ns -  2 J
62 *--------------------| C F"(Nu,Ns -  2) (Nu) ♦ Ns - 2 1

Nu = Nt -  Ns, the size of the unselected sample 

F’ (Nu,Ns - 2 ) ,  F"(Nu,Ns -  2) are two points on an F 

distribution with degrees of freedom (Nu,Ns - 2 ) .

95X interval for the difference in Y «eans in the selected 

and unselected samples is giveni

4) D * <Ys -  Yu) ±  Ad

Yu * average predicted Y score for the unselected cases, 

obtained by using the least squares weights bo and bl for 

the selected cases and the X scores for the unselected 

cases.

Ad [ SSe, / I I  2 VI.5
  [ — + — + (X -  Xu) /SSx I t  (Ns -  2)

NS -  2 \  Ns Nu 7J .975

Estimate of the XY correlation in the total sample!

2 - .5
sx 1

5) R = 1 + ---------< --------------1 )
2 2

Sx r

sx *  variance of X in the selected group 

r « Correlation between X and Y in the selected group

Sx = variance of X in the total group.
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2.3 Experimental Design

The accuracy and robustness of the estimates are 

examined in a 4 x 3 factorial design, where the independent 

variables are distributional assumptions and selection 

models (Figure 2). The basis of the estimates is the normal 

linear model, but a more typical situation for real data is 

that 1) the same regression line does not apply to the ta ils  

as to the center of the distribution and 2) the variance in 

the ta ils  is often less than at the center of the 

distribution, (Lord Sc Novick, 1968). In addition, there is 

some evidence that the effects of linearity and 

homoscedasticity violation may compensate for each other, 

(6ross, 1982).

These considerations determine the choice of the 4 

distributional types that are matched with 3 selection 

models.

Distributional types: (Figure 3)

1) Bivariate normal, linear and homoscedastic

2) Sigmoid: S-shaped, flattening at the extremes; nonlinear

and homoscedast i c

3) Football shaped: concentration of variance in the center

of the distribution; linear and heteroscedastic

4) Simultaneous nonlinear and heteroscedastic

Selection models:

1) Selection explicitly on X. Scores are ranked on X, and 

this single variable is the basis of selected XY samples
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corresponding to 80, 50, and 30 percent of the total saeple 

drawn.

2) Compensatory selection: selection on a composite of X and 

Z.

In this trivariate situation with two possible selector 

variables, scores are ranked on the sum of X and Z, (X and Z 

on the same scale), and selected samples of 80, 50, and 30 

percent are drawn. Here the XY samples selected represent 

selection on the basis of X, or Z, or both} the variables 

may compensate for each other in attaining the critical cut 

scores.

3) Multiple cut-off selection: selection on both X and Z.

The process here consists essentially of ranking for 

selection f irs t on X, then on the basis of Z. For this we 

use a system advanced by Gross (1982) that is summarized as 

follows:

If  the probability of a subject being rejected, P(R), is 

defined to be 1) the probability of rejection on the basis 

of X, P(Rx), or 2) the probability of having been selected 

on X, Sx, then rejected on the basis of Z, Rz, we have:

P(R) * P(Rx) + <1 -  P(Rx)) (P(Rz| Sx))

Defining k to be the relative importance of the two 

conditions of rejection:

k = P(Rx) /  C(1 -  P(Rx)) <P(Rz|Sx))3 

yields
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P (Rx) = Ck/(k 1)3 . P (R)

For the ratio k/(k + 1) » O salaction is basad antiraly on 

Z, and for k/(k l) = l ,  subjects scoring highast on X 

alona, ara selacted. Valuas of tha ratio between 0 and 1 

re f1 act salaction procedures based on both variables.

Hare k/(k + 1) was sat at .5 and selected samples 

corresponding to 80, 50 and 30 percent of tha total sample 

ware drawn.

Call (1,1) of the basic design in Figure 2, reflects the 

assumptions under which the estimates ware derived! linear 

homoscedastic with selection explicitly  on X. For this 

reason, evaluation of the accuracy and precision of tha 

estimates is based on entries hare; tha remaining 11 calls 

address robustness through comparison with C all(1,1).

Sample sizes, correlations, selection ratios

Large sample sizes of 1000 and 10000 that are featured 

in reviewed Monte Carlo studies allowed researchers to 

ignore sampling errors but, at the same time, limited the 

applicability of their findings in more typically 

encountered cases. Here we consider sample sizes of 50, 100 

and 200.

XY samples, and XYZ samples are randomly generated with 

population correlations corresponding approximately to high, 

medium and low: .7, .5, .3. Although the estimates were 

derived with a fixed X model, we are interested in producing
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conditions where the model might apply and where we can also 

manipulate conditions effectively.

Total sample statistics <B0f Bl, S2e, D, Rxyt) are computed 

in each case, and the estimates -for these statistics when 

selection ratios correspond approximately to high, medium 

and low: .8, .5, .3. Additional selection ratios are 

computed -for Cell (1,1) in order to illustrate  relationships 

demonstrated in the analysis. A selection ratio of 1 yields 

the statistics for the total sample) the estimates from the 

incomplete samples are assessed in relation to these.
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Figure 2 

Basic Experimental Design

■
Selection Method !

!Distribution Type on X on X +■ Z
1

MCi X and Z

! Linear 
! Homoscedastic

Cel 1(1,1) C ell(1,2) C ell(1,3) !

! Non-1i near 
! Homoscedastic

C ell(2,1) C ell(2,2) C ell(2,3) !

! Linear
! Heteroscedastic

Cell(3,1) C ell(3,2) Cell(3,3) !

! Nonlinear 
! Heteroscedastic

Cell(4,1) C ell(4,2) Cell(4,3) !

Within each of the 12 cells above, there are 9 subcells, 

corresponding to variations in sample size and correlations. 

For each subcell, a Monte Carlo run with 100 replications 

yields empirical distributions For 20 statistics* BO, Bl, 

S2e, D, Rxyt on 4 selection ratios (100X, BOX, SOX, 30X).
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Figure 3 

Distributional Typi

Linear
homoscedast i c

2. Sigmoid 
nonlinmar 
homoscmdasti c

1. Footbal1 
1i near
hmtmroscedast i c

2. Simultaneous 
nonlinear 
heteroscedastic

 conditional variance o-f Y given X
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2.4 Simulation Procedures

Computer programs were written to provide simulated 

samples of the distribution types. Programs were written in 

Basic for the Apple I I  Plus microcomputer.

1) Linear homoscedastic

For the bivariate normal distribution, N(XfY) pairs 

were obtained. First, values for the normal random variate 

X were obtained, then Y was generated with mean X, and 

standard deviation (1 -  >’* .

For both X and Y mean was set at 0 and standard 

deviation 1.

Scores were ranked on X, and values of the statistics were 

computed for the total sample and selection ratios of .8,

.5, .3. This process was repeated for the set of population 

correlation values, p  -  .3, .5, .7 and sample sizes, N ■ 50, 

100, 200.
For each of the 9 distinct total samples, 100 

replications were generated, thus the results in Table 1 are 

the expected values of estimates of statistics and 

parameters derived from 100 samples.

2) Nonlinear distributions: sigmoid

The sigmoid distribution fora was chosen since i t  

appeared to approximate the type of data encountered in 

educational research. Lord and Novick (1968) have argued in 

favor of a regression model such as the sigmoid form.

For the N(X,Y) pairs of the sigmoid distribution, the 

random normal variate X was f irs t  obtained, then Y was
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generated with mean: kX + aX3 ,

where k = /o *  .15 and a = -.05  

and standard deviation: (1 Y*

This function produces bivariate distributions that are f lat  

at the extremes. Figure 4 illustrates the distribution.

This function was used as the aiore extreme case of nonlinear 

sigaioid distribution by Greener and Osburn (1980) and a ll 45 

distributions (5 replications for each of 9 population 

correlation values, using N * 4000) that they generated were 

significantly nonlinear.

The constants are chosen so that the expected value of 

the slope of the curvilinear regression line in this case 

equals the preset population correlation p  . I t  should be 

noted also, that increasing the value of k and adjusting m 

correspondingly, in an effort to increase nonlinearity, 

distorts the flattened ends of the curve into hooks as is 

indicated in the scaled plot of Figure 8.

For the nonlinear distributions 100 replications of 

each of the 9 sample types yielded the expected values 

tabled.

3) Heteroscedastic distributions: football

Here the distribution was divided into 10% intervals 

on X. The standard deviation was computed for each 

interval, and that value multiplied by a fractional 

constant. Values chosen were: .8, .9, 1, 1.1, 1.2, 1.2,

1.1, 1, .9, .8 as multipliers for each decile of the
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bivariate normal distribution.

4) Trivariate normal distributions

Where an additional selector variable is present we 

require N(X,Y,Z) triples. The relationships that are 

necessary so that X, Y, and Z are distributed normally each 

with a mean of 0 and standard deviation of 1, are detailed 

in Appendix 3. We investigated samples where P x y  ” p x z  = 

p y z  = .3, .5, .7 and replicated each sample type 100 times 

for each of the N values.

The simulation process employed provides independent 

samples for each sample type considered. However, in order 

to enhance comparability across the distribution types and 

selection models, we held the seed for the random generation 

of X constant for any given p -N combination. For example, 

for N = 50, p  = .3, the seed was 13 for generating X in all 

cel Is.

The simulation process was checked for accuracy, 

stability and randomness. In order to validate the 

stability of the estimates for each sample type, 

replications were made using different random number seeds. 

An example of this is presented in Appendix 4, page 96.

Here, for N = 50, p  » .5, under conditions of linear 

homoscedasticity and selection on X, estimates were computed 

using 10 different random number seeds. Inspection of the 

values in the table confirm that there is l i t t l e  variability  

in the estimates of interest.
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Intermediate caculations were hand checked, partial 

and fu ll iteration results were computed and compared, and 

plots of the distribution of X attested to the precision of 

the random number generator.

Additional tables in Appendix 4 provide computed 

values of the mean, standard deviation and correlation 

estimate. These serve as validity checks for the sample 

type that is generated in each case.
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Figure 4 

Plot o-f Nonlinear Distribution

Broken lines Mark standard deviations from the mean. 

Scaling by setting variance at 0, produces definitive  

sigmoid shape.
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Figure 5

Scatter Plot of Bivariate Normal Distribution

Scatter plot of 75,000 random pairs in a bivariate normal 

di stribution.
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Figure 6

Scatter Plot o-f Nonlinear Bi variate Distribution

Scatter plot o-f 75,000 ra n d o m  pairs in a nonlinear bivariati 

distribution, correlation-.?. Here is an exaeple o-f how th« 

distribution o-f X is soeetiees eore ieportant than the XY 

relationship.
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Figure 7

Scaled Plot o-f Bivariate Noreal Distribution

m m

Scaled scatter plot o-f 75,000 random pairs in linear 

bivariate normal distribution -for correlation - .7 . Scaling 

provides equal density of points over the distribution on 

the horizontal axis and more clearly illustrates linearity.
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Figure 8

Scaled Plot of Nonlinoar Distribution

,v./
. Y JT  *1. , ■>* ..

I1: t. ?’

i  • * ■

11

Scaled scatter plot o-f nonlinear distribution for 

correlation *.7. The function!

3
y = kX + mX ( k “ / a *  .3, m «•-. 1 ) 

illustrates the distortion of the flattened ends of the 

sigmoid into hooks.
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3. Results

The accompanying tables, Table 1 -  Table 12, summarize 

the main results o-f the investigation. Each table 

represents a cell of the basic 4 x 3  design in Figure 2. 

Table 1 reports -for Cell (1,1), Table 2 -for Cell (2,1) and so 

on reading down the columns. Each table is composed o-f 3 

subtables presenting computations for N ■ 50, 100, 200 

respectively over the correlation values .3, .5, .7.

The entries in each table are means, expected values 

produced from the 100 samples generated for each of the 9

sample types, or <®-N combinations.

The evaluative variables considered are i

1) E(W), expected width of the interval for each interval 

estimate.

2) P(I),  probability of inclusion (given in percent) of the 

estimated statistic in the interval.

3) B(r) and B(R), the expected tendency of r and R to over

or under estimate the XY correlation in the total sample.

These are essentially estimates of biast

B(r) * E(r -  Rxyt), where r is the correlation of X with Y 

in the selected sample and Rxyt refers to the XY correlation 

in the total sample.

B(R) * E(R -  Rxyt), where R is the estimate of total sample 

XY correlation defined in Section 2.2, equation 5.

Tables that lis t  the total sample values, means and standard 

deviations, as well as other statistics of interest in these 

samples may be found in Appendix 4.
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Starting with Table 5 the distributions are trivariate, thus 

column 1 which gives the correlation refers to the 

population correlation Tor each pair of variables, for 

example: correlation = .3 means ^xy *  /xz  ■ /*yz ■ .3.
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TABLE 1
CELL 1-1 SELECTION ON XLINEAR HOMOSCEDASTIC

SAMPLE SIZE = 50

: CORR- 
: ELATION

SELECTION
RATIO

80 Bl S2e D Rxvt ;

E(N) i P (I)
I

EIU) ! p in E (M) i P (I) E(H) : r i d BID i BiR) :
1 V
1 . J .8 .37 93 .59 93 .38 96 1.90 93 -.0 9 - .0 3  ;c

J 1.18 95 1.22 95 .82 93 2.36 95 - .1 9 - .0 2  :
.3 2.64 94 2.16 92 1.67 94 3.81 94 -.2 0 .09 :

: .5 .8 .36 95 .54 95 .32 98 1.74 95 -.0 9 .00 :
.5 1 . 1 0 96 1.13 97 .68 95 2.16 96 -.1 6 .02 :
.3 2.52 98 2.02 98 1.45 96 3.55 98 -.1 9 .03 :

: .7 .8 .30 97 .45 98 .23 98 1.46 97 -.1 0 . o o  :
.5 .92 95 .94 94 .50 97 1.81 95 -.21 - .0 3  :
.3 2.09 96 1.66 98 1.04 96 2.94 96 -.2 7 -.0 3  :

SAMPLE SIZE = 100

! CORR- 
: ELATION

SELECTION
RATIO

BO Bl S2f 0 Rxyt

E(N)
»

i p i n E(N) : P II )
I

EIN) i p in
I

EIN) 1 P II ) b i d  : SIR) i

: .3 .8 .27 96 .40 95 .27 96 1.35 96 -.0 7 -.0 1  :
.5 .82 99 .82 97 .57 99 1.65 99 -.1 2 -.0 1  1
.3 1.80 94 1.40 96 .96 93 2.57 94 -.1 6 .03 :

: .5 .8 .24 96 .36 96 .22 98 1.21 96 -.1 0 . o o  :
.5 .74 96 .74 96 .46 95 1.47 96 - .1 9 -.0 4  I
.3 1.61 95 1.26 96 .76 95 2.29 95 -.2 4 - .0 4  :

: .7 .8 .21 94 .31 93 .15 97 1.02 93 -.11 . o o  ;
J .62 94 .63 97 .32 96 1.25 94 -.1 9 . o o  :

.3 1.36 94 1.08 96 .52 93 1.94 94 -.2 4 .00 !

SAMPLE SIZE = 200

1 CORR- 
1 ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt 1

ELM) i p in EIN) i P II ) EIN) ! P II) EIN) : P II ) B ID  ! BIR) !

! >3 .8 .19 96 .28 95 .19 95 .95 95 -.0 6 .oo  :
.5 .57 92 .57 93 .39 97 1.14 92 - .1 2 .oo :
.3 1.22 93 .95 95 .61 100 1.74 93 -.1 4 .01 :

! .5 .8 .17 92 .26 93 .16 97 .86 92 - .1 0 .oo  :
.5 .52 94 .53 96 .32 97 1.05 94 -.1 7 .oo  :
.3 1.12 92 .89 92 .50 97 1.60 92 -.2 0 .02 :

: .7 .8 .14 95 .21 96 .11 100 .71 95 -.1 1 -.0 1  1
.5 .42 95 .43 95 .22 97 .85 95 -.2 1 - .0 2  :

.90 93 .71 93 .34 95 1.29 94 -.2 6 - .0 2  :
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TABLE 2
CELL 2-1 SELECTION ON XNONLINEAR HOMOSCEDASTIC

SAMPLE SIZE = 50

I CORR- 
: ELATION

SELECTION
RATIO

80 Bl S2e D Rxyt !

e ih ) : P (I)
•

EIN) 1 P II ) EIN) : P II ) EIN) i P II ) B ID  I fiiR ) 1

: .3 . 6 .38 93 .59 94 .38 95 1.91 93 -.0 7 . o o  ;
J 1.17 89 1.23 94 .83 94 2.36 90 -.2 3 -.0 4  !

.3 2.65 93 2.16 90 1.68 94 3.82 92 -.2 9 .05 :

: .5 . 8 .36 95 .54 97 .32 98 1.75 95 -.0 9 .00 1
5 1.11 91 1.13 95 .69 95 2.17 91 -.21 -.0 3  !

.3 2.53 98 2.03 98 1.46 97 3.56 98 -.3 0 -.0 3  :

: .7 . 8 .30 97 .45 95 .23 97 1.47 96 -.0 9 .00 I
.5 .93 93 .95 95 .51 96 1.83 93 -.2 5 -.0 7  !
.3 2.10 93 1.67 93 1.05 98 2.95 93 -.3 6 -.1 2  1

S A M P L E  S I Z E  =  1 0 0

! CORR- 
; ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt 1

EIN)
1
1 P II ) EIN) : P II ) EIH) ! P II ) EIN) 1 P II )

l
B lr )  i BIR) 1

: .3 .8 .27 95 .40 96 .27 98 1.35 95 -.0 6 .00 I
.5 .83 94 .83 96 .57 99 1.65 94 - .1 8 -.0 7  I
.3 1.81 93 1.41 93 .96 94 2.58 93 -.2 7 -.0 5  !

: .5 .8 .25 96 .36 96 .22 97 1.22 95 -.0 9 .00 1
.5 .74 86 .74 90 .46 95 1.48 86 -.2 4 -.11  :
.3 1.61 85 1.26 89 .76 95 2 .30 85 -.3 5 - .1 4  ;

; .7 .8 .21 93 .31 93 .15 94 1.03 93 -.1 0 .oo :
.5 .63 90 .64 94 .32 94 1.25 90 -.2 3 -.0 4  :

1.37 93 1.08 91 .52 92 1.95 93 -.3 4 -.11  :

S A M P L E  S I Z E  =  2 0 0

i CORR- 
1 ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt !
)

EIN) 1 P II )
I

EIH) ! P II )
1

EIH) 1 P II )
l

EIN) i P II ) B lr )  ! b ir ) :

: .3 .8 .19 98 .28 96 .19 94 .95 98 -.0 5 .02 :
.5 .57 83 .57 B6 .39 98 1.15 83 -.1 7 -.0 6  :
.3 1.22 89 .95 90 .61 100 1.75 89 -.2 5 -.0 7  ;

! .5 .8 .17 94 .26 90 .16 95 .86 94 -.0 8 .01 :
.5 .52 89 .53 89 .32 98 1.05 89 -.2 2 -.0 6  :
.3 1.13 91 .09 89 .50 96 1.61 91 -.3 0 -.1 1  ;

1 .7 .8 .14 96 .21 96 .11 97 .71 96 -.1 0 .oo ;
.5 .43 78 .43 82 .22 97 .86 78 -.2 5 -.0 7  :
.3 .91 77 .71 72 .35 97 1.30 77 -.3 7 -.1 6  !
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TABLE 3
m m m m m m m

CELL 3-1 SELECTION ON XLINEAR HETEROSCEDASTIC
SAMPLE SIZE = 50

CORR­
ELATION

SELECTION
RATIO

BO Bl S2« D Rxvt

E IN) : P U ) EIN) 1 P II) EIN) : P II ) EIN) i P II) B lr )  1 BIR)

.J .8 .37 92 .59 91 .38 96 1.91 92 -.1 0 -.03
s 1.16 95 1.22 95 .82 94 2.36 95 -.1 9 -.0 3
T
J 2.61 94 2.14 93 1.63 95 3.77 94 -.1 9 .07

.5 . 8 .36 95 .54 96 .33 95 1.76 95 -.11 -.0 2
.5 1.09 92 1.12 96 .67 94 2.15 92 -.1 5 .03
.3 2.43 97 1.96 99 1.35 98 3.43 97 -.1 7 .06

.7 . 8 .31 100 .46 100 .24 93 1.50 100 -.11 -.01
.5 .90 96 .93 96 .49 94 1.79 95 -.1 7 .00
.3 1.85 93 1.48 96 .83 98 2.62 93 -.1 8 .04 ;

SAMPLE SIZE = 100

CORR­
ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt

EIN) I P II ) EIN) ! P II )
i

EIN) : P II )
i

EIN) P II )
I

B lr )  I BIR) 1

.3 .8 .27 96 .40 96 .27 97 1.35 96 - .0 9 -.0 2  :
.5 .82 99 .82 98 .57 99 1.64 99 - .1 2 .00 :
*
J 1.78 96 1.39 97 .94 93 2.55 96 -.1 6 .04 1

.5 .8 .25 96 .36 97 .22 97 1.22 96 -.11 -.0 2  1
.5 .74 95 .74 97 .45 96 1.47 95 - .1 8 .oo :
.3 1.55 96 1.22 95 .71 92 2.21 96 -.2 0 .01 :

.7 .8 .21 97 .32 96 .16 89 1.05 97 -.1 2 -.0 3  :
.5 .62 91 .63 94 .32 96 1.24 91 -.1 6 .02 1
.3 1.21 91 .96 93 .41 85 1.73 91 -.1 5 • 08 :

SAMPLE SIZE = 200

! CORR- 
ELATION

SELECTION
RATIO

BO Bl S2e D Rx vt

EIN' : Pin EIN) 1 P II ) EIN) i P II ) EIN) ! P II ) B lr )  ! BIR)

: .3 .8 .19 94 .28 94 .19 95 .95 95 -.0 8 .00
J .57 92 .57 95 .39 97 1.14 92 -.1 2 .01

.3 1.20 94 .94 93 .59 97 1.73 94 -.1 3 .03

i .5 .8 .17 92 .26 91 .16 92 .87 92 -.11 .02
.5 .52 94 .53 96 .32 97 1.04 94 -.1 6 .03
.3 1.08 89 .85 89 .46 94 1.54 89 -.1 7 .08

i T  
• .8 .15 97 .22 95 .11 70 .73 97 -.1 2 .03

.5 .42 93 .42 94 .22 95 .84 93 -.1 7 .01

.3 .81 89 .63 91 .27 84 1.16 90 -.1 7 .06
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TABLE 4
■  ■ ■ M M

CELL 4-1 SELECTION ON XNONLINEAR HETEROSCEDASTIC
SAMPLE SIZE = 50

CORR­
ELATION

80 Bl S2e D Rxyt

SELECTION
RATIO EIH) ' P II ) EiW) : P II) EIN) 1 P II) EIN) i P II )

t
B lr )  i BIR)

#3 .8 .38 94 .59 93 .38 94 1.92 93 -.0 9 -.01
.5 1.17 94 1.23 94 .83 95 2.36 94 -.2 3 -.0 5
. j 2.62 92 2.14 91 1.64 94 3.78 92 -.2 8 .03

.5 .8 .36 95 .54 96 .33 98 1.76 95 -.1 0 .00
. 5 1.10 95 1.13 96 .68 96 2.16 95 -.1 9 -.0 27 2.44 98 1.96 99 1.37 98 3.44 98 -.2 6 -.0 3

.7 .8 .31 98 .46 99 .24 93 1.50 99 - .1 0 .00
.5 .91 95 .93 96 .50 94 1.80 95 -.21 -.0 2
.J 1.86 95 1.49 96 .84 97 2.63 95 -.2 6 -.0 3

SAMPLE SIZE -  100

I CORR- 
: ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt

EIN)
i

! P I I )
1

EIN) I P II )
I

EIH) I P II )
1

EIH) I P II ) B lr )  I BIR)

! .3 .8 .27 95 .40 96 .27 99 1.35 95 -.0 7 .00
.5 .82 97 .82 97 .57 99 2.65 97 -.1 7 -.0 6
.3 1.79 94 1.39 94 .94 94 2.55 94 -.2 6 -.0 6

I .5 .8 .25 98 .36 96 .22 99 1.23 98 - .1 0 .00
.5 .74 89 .74 92 .46 96 1.47 90 -.2 2 -.0 6
.3 1.56 91 1.22 90 .71 93 2.22 91 -.31 -.1 0

I .7 .8 .21 96 .32 94 .16 90 1.05 96 -.11 -.0 2
.5 .62 94 .63 94 .32 95 1.24 94 - .1 9 .00

7
. J 1.22 94 .97 94 .42 84 1.74 94 -.2 4 .00

SAMPLE SIZE = 200

CORR­
ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt I

EIH) i P II ) EIH) ! P II )
I

EIH) ! P II)
l

e ih ) ; P II )
I

B lr )  I BIR) !

.3 .8 .19 96 .28 95 .19 95 .95 97 -.0 7 .00 !
.5 .57 85 .57 88 .39 98 1.14 85 -.1 7 -.0 5  !
.3 1.21 88 .94 90 .60 99 1.73 89 -.2 4 -.0 8  ;

.5 .8 .17 95 .26 92 .16 93 .87 94 - .1 0 .00 !
.5 .52 92 .53 91 .32 97 1.04 92 - .2 0 -.0 2  I
.3 1.09 94 .86 93 .46 96 1.55 94 -.2 7 - .0 5  :

.7 .8 .15 94 .22 96 .11 81 .73 94 -.11 -.0 2  !
.5 .42 91 .42 91 .22 96 .85 91 -.21 -.0 2  :V .82 90 .64 88 .2B 85 1.17 90 -.2 7 -.0 3  !
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TABLE S

CELL 1-2 COMPENSATORY SELECTIONLINEAR HOMOSCEDASTIC
SAMPLE SIZE * 50

CORR­
ELATION

SELECTION
RATIO

90 91 S2e D Rxyt

EIN) : P in E(U) : p m EIN) 1 P H )
i

EIN) I P II) B lr )  I BIR)

.3 .9 .32 82 .45 85 .37 94 1.64 82 -.11 -.0 7
.5 .84 85 .98 88 .82 94 1.71 83 -.21 -.11
. j 1.92 84 1.42 88 1.64 100 2.35 84 -.2 6 -.0 4

.5 .9 .32 86 .45 88 .32 95 1.57 86 -.1 2 -.0 7
.5 .85 87 .86 92 .67 96 1.67 88 -.1 9 -.0 8
T 1.70 86 1.42 93 1.38 94 2.39 85 -.2 6 -.0 8

.7 .9 .28 85 .40 90 .22 98 1.35 87 -.1 3 -.0 5
.5 .76 80 ■ 78 85 .47 97 1.50 80 -.2 3 -.0 9
.3 1.59 87 1.31 93 .99 99 2.25 87 -.3 3 -.1 4

SAMPLE SIZE * 100

CORR­
ELATION

SELECTION
RATIO

BO B1 S2t D Rxyt !
1

EIN) ! P I I ) EIN) : P II )
1

E IN) ! P II ) EIN) !' P I I )
1

B lr )  i BIR) :

.3 .8 .24 80 .32 87 .27 95 1.18 81 -.1 0 -.0 7  !
.5 .59 77 .60 90 .56 99 1.19 78 -.1 6 -.1 0  :
.3 1.10 85 .92 90 .91 92 1.57 83 -.1 9 -.0 6  :

.5 .8 .22 70 .30 82 .22 95 1.09 69 -.1 2 -.0 6  :
.5 .57 64 .57 76 .44 97 1.15 65 -.2 3 -.1 4  !
.3 1.13 63 .92 79 .72 93 1.61 65 -.3 2 -.1 9  :

.7 .8 .19 65 .28 75 .15 97 .95 64 -.1 2 -.0 4  :
.5 .53 69 .54 80 .31 94 1.06 69 -.2 3 -.0 9  !
.3 1.07 79 .87 88 .50 94 1.52 80 -.2 9 -.11  !

SAMPLE SIZE = 200

CORR­
ELATION

SELECTION
RATIO

BO B1 S2e D Rxyt !

e in ) : P II ) EIN) I P II ) EIN) ! P II )
t

EIN) i P II )
i

B lr )  ! BIR) i

.3 .8 .16 57 .22 77 .19 98 .82 56 -.0 9 -.0 6  I
.5 .41 58 .42 75 .39 99 .83 59 -.1 6 - .1 0  i
.3 .76 65 .63 83 .58 98 1.09 66 -.1 9 -.1 0  :

.5 .9 .15 60 .22 76 .15 95 .77 60 -.11 -.0 5  :
.5 .41 52 .41 72 .31 92 .82 53 -.21 -.1 1  :

T .76 56 .63 71 .47 94 1.09 56 -.2 7 -.1 7  :

.7 .8 .13 42 .19 56 .10 96 .66 43 -.1 2 -.0 4  :
.5 .36 39 .36 56 .21 94 .72 40 -.2 4 -.1 0  :
.3 .70 51 .56 68 .32 94 1.00 51 -.3 2 - .1 5  :
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TABLE 6

CELL 2-2 COMPENSATORY SELECTIONNONLINEAR HOMOSCEDASTIC
SAMPLE SIZE = 50

CORR­
ELATION

SELECTION
RATIO

BO B1 S2t D Rxyt

E(M) : Pin EIN) ! P II )
l

e in ) : P II ) e in ) : P II )
l

B lr )  ! BIR)

. 3 .8 .33 83 .45 89 .38 97 1.64 85 - .0 9  - .05
. 5 .85 80 .88 88 .82 95 1.71 78 -.2 1  - .11
.3 1.63 82 1.42 87 1.65 98 2.35 82 - .3 0  - .04

.5 .8 .32 86 .45 92 .32 97 1.57 86 -.1 1  - .05
. 5 .85 79 .87 92 .66 95 1.67 79 -.21  - .10
.3 1.70 82 1.42 85 1.38 95 2.39 81 - .3 3  - .11

.7 .8 .27 87 .41 89 .23 98 1.38 87 - .1 0  - .02
.5 .78 70 .81 81 .50 96 1.57 68 -.2 6  - .12
.3 1.60 73 1.34 79 1.02 96 2.31 74 -.3 8  - .18

SAMPLE SIZE = 100

! CDRR- 
1 ELATION

SELECTION
RATIO

BO B1 S2t 0 Rxyt

EIN)
I
i P in

1
EIN) : P II )

I
EIN) I P II )

t
EIN) ! P II )

I
B lr )  ! BIR)

: .3 .8 .24 84 .32 91 .27 93 1.18 85 -.0 9 -.0 5
.5 .60 69 .60 87 .56 99 1.19 72 -.1 8 - . 1 2
.3 1.10 73 .93 82 .92 92 1.58 72 - .2 5 -.0 8

! .5 .8 .22 70 .30 87 .22 95 1.09 72 - . 1 0 -.0 4
.5 .57 50 .57 72 .44 97 1.15 48 -.2 5 -.1 7
.3 1.12 47 .91 63 .72 93 1.60 48 -.4 0 -.2 5

: .7 .8 .19 72 .28 84 .15 94 .95 72 - .1 1 - . 0 3
.5 .53 53 .54 68 .31 93 1.05 55 -.2 5 - .11
.3 1.06 60 .86 66 .49 95 1.52 60 -.3 7 - . 2 0

SAMPLE SIZE = 200

! CORR- 
; ELATION

SELECTION
RATIO

BO 81 S2t D Rxyt !
I

e in ) : PII) EIN) 1 P II )
l

e in ) : P II )
l

EIN) i P II)
1

B lr )  1 BIR) :

; .3 .8 .16 63 .22 83 .19 96 .82 62 -.0 8 -.0 4  1
.5 .41 45 .42 72 .39 99 .83 44 -.1 7 -.1 2  :
.3 .76 46 .63 65 .59 97 1.09 47 -.2 5 -.1 4  1

: .5 .8 .15 61 • 64 82 .15 92 .77 63 -.1 0 -.0 3  :
.5 .41 35 .41 62 .31 92 .81 36 -.2 3 -.1 3  1
.3 .76 32 .63 50 .47 95 1.08 31 -.3 4 -.2 5  :

: .7 .8 .13 43 .19 66 .11 95 .66 47 -.1 1 -.0 3  1
• 5 .36 16 .36 37 .21 94 .72 16 -.2 7 -.1 3  1
.3 .70 15 .56 21 .32 93 1.00 15 -.4 1 -.2 6  :
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TABLE 7
CELL 3-2 COMPENSATORY SELECTIONLINEAR HETEROSCEDASTIC

SAMPLE SIZE « 50

! CORR- 
; ELATION

SELECTION
RATIO

80 B1 S2e D Rxyt 1

E(N) 1 P(I> EiU) : P (I) EIN) 1 P II) EIN) 1 P II )
I

B lr )  1 BIR) ;

! .3 . 8 .32 80 .45 82 .37 95 1.64 83 -.1 1 -.0 7  :
J .84 84 .88 88 .81 94 1.71 83 -.21 -.1 2  !
Y
J 1.61 83 1.41 88 1.62 100 2.34 85 -.2 6 -.0 7  :

: .5 .8 .32 86 .46 88 .32 94 1.58 86 -.1 3 -.0 7  :
J .85 88 .86 95 .67 96 1.66 88 -.1 9 -.0 7  :

.3 1.66 87 1.39 93 1.33 94 2.34 86 -.2 4 -.0 9  :

: .7 .8 .28 86 .41 90 .23 99 1.38 85 -.1 3 -.0 5  1
.5 .75 81 .77 87 .46 96 1.49 81 -.2 0 -.0 6  :
.3 1.46 92 1.21 94 .86 100 2.07 92 - .2 5 -.0 8  :

SAMPLE SIZE * 100

! CORR- 
: ELATION

SELECTION
RATIO

BO B1 S2« D Rxyt 1

EIN)
t
\ P II ) EIN)

t
: P in EIN) 1 P II )

<
EIN) i P II ) B lr )  1 BIR) 1

: .3 .8 .24 80 .32 86 .27 95 1.18 81 -.11 -.0 7  ;
.5 .59 77 .60 90 .56 99 1.19 80 -.1 7 -.1 1  1
. J 1.09 87 .92 93 .90 92 1.56 85 - .1 8 -.0 8  !

: .5 .8 .22 71 .30 81 .22 97 1.09 69 - .1 2 -.0 6  :
.5 .57 69 .57 80 .44 95 1.14 71 - .2 2 -.1 2  :
.3 1.10 67 .90 83 .69 93 1.57 69 -.2 9 -.1 7  ;

: .7 .8 .20 73 .28 80 .16 93 .97 72 -.1 3 -.0 5  :
.5 .53 71 .54 81 .31 96 1.06 71 -.2 1 -.0 7  :
.3 .98 79 .80 87 .42 84 1.39 79 -.21 - .0 3  :

SAMPLE SIZE = 200

CORR­
ELATION

SELECTION
RATIO

BO B1 S2( D Rxyt

EIN)
•

i P i n
i

EIN) : P II )
i

e in ) : P II )
l

e in ) P II )
<

B lr )  I BIR)

.3 .8 .16 58 .22 76 .19 98 .82 55 - .1 0 -.0 6
.5 .41 60 .42 75 .39 99 .83 61 - .1 6 -.1 0
.3 .75 67 .63 84 .58 98 1.08 67 -.1 9 -.1 1

.5 .8 .15 58 .22 73 .15 98 .77 60 - .1 2 -.0 5
.5 .41 55 .41 76 .31 93 .82 56 -.2 1 - . 0 9

YJ .75 60 .62 73 .45 94 1.07 60 -.2 5 -.1 2

.7 .8 .13 40 .19 50 .11 86 .67 41 -.1 2 -.0 5
.5 .36 47 .36 65 .21 93 .72 48 -.2 2 - . 0 7

Y .65 59 .52 79 .28 82 .93 58 -.2 4 -.0 6
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TABLE B

CELL 4-2 COMPENSATORY SELECTIONNONLINEAR HETEROSCEDASTIC
SAMPLE SIZE = 50

CORR­
ELATION

SELECTION
RATIO

80 Bl S2e D Rxyt

EIN) ; P in EiN) : P II )
i

e in ) : P II )
t

e in ) : P II )
<

B lr )  I BIR)

.3 .9 .3 ! 84 .45 90 .38 97 1.64 85 -.1 0 -.0 5
.5 .84 80 .88 89 .82 95 1.71 79 -.2 2 -.1 2
.3 1.62 81 1.41 87 1.62 99 2.34 82 -.3 0 -.0 7

.5 . 8 .32 87 .46 90 .32 97 1.58 85 -.1 2 -.0 5
J .85 79 .86 93 .67 95 1.66 79 -.21 -.0 9

.3 1.66 81 1.39 87 1.32 95 2.34 81 -.31 -.1 3

.7 .8 .28 88 .41 90 .23 98 1.38 87 -.1 1 -.0 4
.5 .75 73 .77 81 .45 95 1.48 72 -.2 2 -.0 8
.3 1.45 75 1.20 84 .85 100 2.06 76 -.31 -.1 4

SAMPLE SIZE = 100

CORR­
ELATION

SELECTION
RATIO

BO Bl S2t D Rxyt 1

EIN) ! P I I )
1

EIN) 1 P II )
I

e in ) : P II )
i

EIN) i P I I ) B lr )  1 BIR) 1

.3 .8 .24 83 .32 91 .27 95 1.18 83 -.0 9 -.0 5  :
.5 .59 70 .60 88 .56 99 1.19 73 -.1 8 - .1 2  :
.3 1.10 75 .92 85 .91 93 1.57 73 -.2 4 -.11  :

.5 .8 .22 71 .30 87 .22 . 97 1.09 70 -.1 1 -.0 4  !
.5 .57 51 .57 72 .44 96 1.14 51 -.2 4 -.1 4  :
.3 1.10 49 .89 65 .69 92 1.56 50 -.3 7 -.2 4  :

.7 .8 .19 74 .28 88 .16 94 .97 75 -.11 -.0 4  1
.5 .52 59 .53 70 .31 91 1.05 58 -.2 3 -.0 8  :
. j .97 61 .79 69 .41 80 1.38 61 -.2 8 -.0 9  :

SAMPLE SIZE = 200

; CQRR- 
1 ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt !

EIN) : P i i ) EIN) I P II ) EIN) i P II ) E(H) : P II ) B lr )  i BIR) :

: .3 .8 .16 60 .22 80 .19 96 .82 62 -.0 8 -.0 5  1
.5 .41 47 .42 73 .39 99 .83 46 -.1 7 -.1 2  :
.3 .75 47 .63 70 .58 97 1.08 49 - .2 5 -.1 6  :

1 .5 .8 .15 60 .22 78 .15 96 .77 61 -.1 0 -.0 4  :
.5 .41 43 .41 65 .31 93 .81 43 - .2 2 -.1 1  i
.3 .74 37 .61 58 .45 94 1.06 36 -.3 2 i

O
 

CM 
1

1 
I

: .7 .8 .13 45 .19 64 .11 89 .67 44 -.1 1 -.0 4  1
5 .56 19 .36 45 .21 94 .72 19 -.2 4 - . 1 0  :

.3 .64 23 .52 33 .27 78 .92 23 -.3 2 -.1 4  :
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TABLE 9
CELL 1-3 MULTIPLE CUTOFFLINEAR HOMOSCEOASTIC

SAMPLE SIZE * 50

! CORR- 
: ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt !

E(N) ! p m E(N) : P II )
i

e in ) : p m
i

EIN) i P II )
1

B lr )  1 BiR) :

; .3 . 8 .33 89 .50 92 .37 95 1.65 89 -.0 8 -.0 4  ;
J .92 89 1.06 93 .82 95 1.86 88 -.1 8 -.0 5  ;
▼
J 2.10 90 1.90 90 1.65 97 3.04 90 -.21 .11 :

; .5 .8 .32 96 .47 96 .32 96 1.56 96 -.0 8 -.01  !
.5 .93 93 .99 93 .67 96 1.83 93 -.1 5 -.01  :

J 2.20 97 1.83 96 1.3B 95 3.10 96 -.2 0 .03 :

: .7 .8 .28 91 .41 95 .22 98 1.37 91 -.11 -.0 2  ;
.  J .85 92 .87 92 .47 95 1.67 92 -.2 2 -.0 5  :
.3 1.92 94 1.55 97 .97 98 2.70 94 -.2 8 -.0 7  ;

SAMPLE SIZE -  100

! COfiR- 
; ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt

EIN) : pm
I

e in ) : pm e in ) : pm EIN) : pm B lr )  i BIR) i

: .3 .8 .23 87 .34 91 .27 100 1.17 86 -.0 8 -.0 4  :
. 5 .65 95 .71 98 .56 97 1.30 95 -.11 -.0 3  :
.3 1.41 99 1.21 99 .94 95 2.01 99 -.1 4 .01 :

: .5 .8 .22 83 .32 91 .21 94 1.09 83 - .0 9 -.0 2  :
. 5 .64 90 .66 92 .45 97 1.28 90 - .1 8 -.0 5  :
. j 1.40 92 1.14 95 .72 96 2.00 92 -.2 4 -.0 7  :

| ,7 .8 .19 90 .29 95 .15 9B .96 92 - .1 0 -.0 2  :
.5 .53 92 .60 95 .31 95 1.16 92 - .2 0 -.0 3  :
.3 1.29 95 1.03 96 .50 96 1.83 95 -.2 5 -.0 2  :

SAMPLE SIZE = 200

CORR­
ELATION

SELECTION
RATIO

80 Bl S2e D Rxyt

EiN) : p m
I

EIN) I p m
I

EIN) 1 P II )
1

e in ) : P II )
i

B lr )  ! BIR)

. 3 .8 .16 78 .24 90 .19 95 .81 78 -.0 6 -.0 2
.5 .45 86 .49 91 .38 97 .91 86 - .1 2 -.0 3
. 3 .97 93 .83 96 .59 98 1.38 93 -.1 4 .00

.5 .8 .16 83 .23 92 .15 92 .78 83 -.0 9 -.0 2
.5 .45 89 .47 97 .31 98 .90 89 -.1 7 -.0 2
.3 .96 90 .79 92 .47 94 1.37 91 -.1 9 .00

.7 .8 .13 68 .20 84 .10 96 .67 66 -.1 1 -.0 2
r 

• J .40 84 .40 89 .21 95 .79 84 -.21 -.0 4
v 

0 J .85 92 .67 94 . 33 94 1.21 92 -.2 7 -.04
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TABLE 10

CELL 2-3 MULTIPLE CUTOFFNONLINEAR HOMOSCEDASTIC
SAMPLE SIZE = 50

CORR­
ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt

EIN) i P II ) EIN) i P II ) EIN) ; P II) EIN) ! P I I ; B l r )  ! BIR)

.3 .3 .33 89 .51 95 .38 98 1.67 88 -.0 6 .00
.5 .93 83 1.06 92 .82 95 1.87 83 -.2 0 -.06
.3 2.11 88 1.91 91 1.66 96 3.05 88 -.2 7 .09

.5 .8 .32 95 .47 95 .32 98 1.56 94 -.0 7 .00
.5 .94 88 1.00 90 .67 95 1.84 89 -.1 9 -.05
.3 2.21 94 1.84 96 1.39 95 3.11 94 -.3 0 -.0 4

.7 .8 .28 92 .42 96 .22 97 1.38 91 -.0 9 .00
.5 .85 88 .88 90 .48 96 1.68 88 -.2 5 -.0 87 . J 1.93 87 1.56 90 .98 99 2.72 87 -.3 8 -.1 6

SAMPLE SIZE = lOO

CORR­
ELATION

SELECTION
RATIO

BO Bl S2» D Rxyt

EIN)
•
! p i i >

i
e in ) : p in EIN) : P II ) EIN) 1 P II ) B lr )  I BIR)

.3 .8 .23 91 .34 93 .27 97 1.17 90 -.0 6 -.01
.5 .65 90 .71 96 .57 99 1.31 90 -.1 5 -.0 6
.3 1.42 92 1.22 95 .96 96 2.02 90 -.2 2 -.0 6

.5 .8 00 • 64 84 .32 95 .22 96 1.10 86 -.0 8 .00
.5 .65 81 .67 88 .46 98 1.28 81 -.2 2 -.1 07* J 1.40 80 1.14 84 .73 96 2.00 77 -.3 4 -.1 5

.7 .8 .19 90 .29 93 .15 93 .97 90 -.0 9 .00
.3 .58 81 .60 88 .32 94 1.17 82 - .2 4 -.0 6
.3 1.29 81 1.03 35 .51 93 1.84 81 -.3 4 -.13

SAMPLE SIZE = 200

CORR­
ELATION

SELECTION
RATIO

BO Bl S2e 0 Rxyt

EIN) 1 P II )
I

e in ) ; P II )
i

e in ) : P II) e in ) : P II ) B lr !  ! BIR) :t

.3 .8 .16 81 .24 90 .19 95 .82 82 -.0 4 .oo :
.5 .45 72 .49 85 .39 98 .91 73 -.1 5 -.0 6  :
.3 .97 82 .83 91 .59 98 1.39 81 -.2 2 -.0 9  ;i

.5 .8 .16 86 .23 94 .15 90 .78 86 -.0 7 .00
5 .45 70 .47 92 .31 99 .90 70 -.2 0 -.0 6  :
y .96 76 .79 82 .47 93 1.37 76 -.2 9 -.1 2  ;

T .3 .13 65 .20 89 .11 96 .67 64 -.1 0 - . 0 1  :
. 5 .40 49 .40 64 » 4 i 96 .79 48 -.2 5 - .o s  ;
.3 .85 61 .67 65 .34 95 1.22 60 -.3 8 -.1 7  ;
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TABLE 11
CEL 3-3 MULTIPLE CUTOFFLINEAR HETEROSCEDASTIC

SAMPLE SIZE = 50
BO 81 S2e D Rxyt

CORR­ SELECTION ; I
i
i I

I

ELATION RATIO EIN> ; P in e in ) : p in e in ) : P II ) EIN) ! P II ) B lr )  1 BIR)

.3 .8 .33 87 .50 92 .38 95 1.66 88 -.0 9 -.0 4
.5 .92 89 1.06 93 .82 95 1.87 88 -.1 9 -.0 6

*J 2.09 89 1.89 91 1.62 97 3.02 90 -.21 .08

.5 .8 .32 95 .48 97 .32 96 1.57 94 -.1 0 -.0 3
.5 .93 92 1.00 95 .67 94 1.84 94 -.1 5 .00
.3 2.13 96 1.78 96 1.30 95 3.01 97 -.1 7 .04

.7 .8 .29 92 .42 95 .23 98 1.40 91 -.11 -.0 3
.5 .83 94 .86 96 .47 96 1.65 94 -.1 8 -.0 2
.3 1.71 95 1.39 96 .80 98 2.43 95 -.1 9 .01

S A M P L E  S I Z E  -  1 0 0

CORR­
ELATION

SELECTION
RATIO

BO 81 S2e D Rxyt

EIN)
l

i P in
«

e in ) : P II )
I

EIN) ! P II) EIN) ! P II )
I

B lr )  I BIR) 1

.3 .8 .23 84 .34 91 .27 100 1.17 84 -.0 9 -.0 4  ;
.5 .65 95 .71 98 .56 97 1.30 95 -.1 2 -.0 2  1
.3 1.40 98 1.20 98 .93 95 2.00 98 -.1 3 .02 ;

.5 .8 .22 82 .32 90 .22 98 1.10 82 -.1 0 -.0 3  !
.5 .64 92 .66 96 .45 95 1.28 92 -.1 8 -.0 3  :
.3 1.36 94 1.11 94 .68 93 1.94 94 -.21 .oo :

.7 .8 .20 89 .29 95 .16 96 .99 90 -.1 2 -.0 3  :
• 5 .58 96 .60 96 .31 94 1.16 96 - .1 7 .oc :

1.15 96 .92 95 .40 84 1.64 96 -.1 6 .06 :

S A M P L E  S I Z E  =  2 0 0

i CORR- 
: ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt 1
i

EIN) i P I I ) EIN) i P II ) EIN) ! P II )
i

e in ) : P II )
t

B lr )  I BIR) 1

.3 .8 .16 77 .24 87 .19 96 .81 77 -.0 7 -.0 3  I
.5 .45 86 .49 92 .38 97 .91 86 -.1 2 -.0 3  1
.3 .96 95 .82 95 .58 98 1.37 95 -.1 3 .02 ;

; .5 .8 .16 79 .23 91 .16 94 .78 79 -.1 0 -.0 3  !
.5 .45 93 .47 97 .31 99 .90 93 -.1 6 .oo :
.3 .93 94 .77 94 .44 86 1.33 93 -.1 6 .06 :

: .7 .8 .14 64 .20 73 .11 89 .68 63 -.1 2 -.0 3  :
.5 .39 91 .40 94 .21 89 .79 91 -.1 8 -.0 1  :
. 3 .76 94 .60 96 .27 76 1.09 94 -.1 7 .05  !
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TABLE 12

CELL 4-3 MULTIPLE CUTOFFNONLINEAR HETEROSCEDASTIC

SAMPLE SIZE - 50

: corr-
: ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt
i

EIN) 1 P II ) EIN) 1 P II )
i

EIN) : P II ) EIN) : P II ) B lr )  1 BiR) :

; .3 .8 .33 89 .51 95 .38 97 1.67 89 -.0 7 -.01  :
-.5 .93 84 1.06 92 .82 95 1.87 83 -.2 0 -.0 7  1
.3 2.10 88 1.90 91 1.64 97 3.03 88 -.2 7 .05 :

: .5 .8 .32 95 .48 95 .32 99 1.57 95 -.0 9 -.01  1
.5 .94 90 1.00 92 .67 95 1.84 91 -.1 8 -.0 4  :
.3 2.14 95 1.79 94 1.31 96 3.02 95 -.2 6 -.0 3  :

: .7 .8 .29 91 .42 98 .23 98 1.40 91 -.1 0 -.0 2  :
.5 .84 89 .86 92 .47 96 1.65 89 -.2 1 -.0 4  1
.3 1.72 85 1.40 92 .81 98 2.44 86 -.2 8 -.0 7  :

SAMPLE SIZE * 100

! CORR- 
1 ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt
i

EIN) 1 P II ) EIN) i P II )
i

EIN) i P II )
I

EIN) 1 P II )
»

B lr )  i BIR) I

: .3 .8 .23 90 .34 93 .27 98 1.17 90 -.0 7 -.0 2  ;
5 .65 93 .71 96 .57 98 1.30 93 -.1 5 -.0 6  ;

.3 1.41 93 1.21 95 .95 96 2.01 93 -.2 2 -.0 7  ;

: .5 .8 .22 82 .32 95 .22 98 1.10 83 -.0 9 -.0 2  !
• 5 .64 82 .67 90 .45 98 1.28 82 -.2 1 -.0 7  :
.3 1.36 85 1.11 87 .68 94 1.94 85 -.3 0 -.1 2  :

: .7 .8 .20 90 .29 97 .16 94 .99 90 -.11 -.0 2  ;
.5 .58 89 .60 91 .31 93 1.16 89 -.2 0 -.0 3  :
.3 1.16 90 .93 92 .41 83 1.65 91 -.2 4 .oo :

SAMPLE SIZE * 200

CORR­
ELATION

SELECTION
RATIO

BO Bl S2e D Rxyt 1
i

EIN) i P II )
i

EIN) ! P II )
I

EIN) i P II )
l

EIN) ! P I I ) B lr )  ! BIR) 1

.3 .8 .16 80 .24 92 .19 96 .82 81 -.0 5 .00 1
.5 .45 75 .49 84 .39 98 .91 75 -.1 5 -.0 6  !T .96 83 .82 95 .59 98 1.38 83 -.2 2 -.0 9  :

.5 .8 .16 83 .23 95 .16 94 .78 84 -.0 9 .oo :
.5 .45 79 .47 92 .31 99 .90 79 -.1 9 -.0 4  ;

.93 83 .77 87 .45 86 1.33 84 -.2 6 -.0 6  ;

1 .8 .14 58 .20 80 .11 92 .68 58 -.11 -.0 2  ;
.5 .39 68 .40 74 .21 91 .79 68 -.2 2 -.0 5  ;
.3 .77 84 .61 85 .28 77 1.10 84 -.2 7 -.0 4  !

-68-



CHAPTER III

SUMMARY AND DISCUSSION

1. Overview

Tables 1 - 1 2  demonstrate the following consistencies 

for the interval estimates of BO, Bl, S2e, D t

1) Interval width decreases as ^ increases.

2) Interval width decreases as N increases.

3) Interval width decreases as selection ratio increases.

These consistencies may be observed in each of the 12 tables

when one examines E(W). The probability of inclusion in the 

interval, P(I) ,  is not as well behaved. In Table 1, which 

presents values for Cell(1,1) when the conditions of the 

model are met, P(I) values are reasonable (close to .95).

In the other 11 cells, though interval widths remain close 

to the values established for the corresponding estimates of 

Cell(1,1), the probability of inclusion is seriously 

affected.

I t  may be observed also that E(W) values for 

corresponding cases across a ll 12 tables, vary within a 

narrow range. For example, N *  50, /• * .3, selection ratio 

■ .8, E(W) estimates for BO range from .324 to .376 for the 

12 cells) similar illustrations apply to the other 

estimates. An explanation for this is the fact that the 

distribution of X is held constant for each sample type C*-N 

combination), so variance in E(W) is restricted to the
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effect of the Y distribution in computations. In addition, 

especially for high correlation values, nonlinearity is not 

as evident in the E(W) variable. Since X is distributed 

normally, data points are concentrated in the center of the 

distribution so that distortions confined to the ta ils  of 

the distribution do not seem to have significant effect.

I t  follows, then, that although relationships may be 

determined from the use of both evaluative variables, E(W) 

is a more effective measure of within cell relationships, 

while P(I) more adequately describes differences across the 

cells in the basic design.

The logical relationship between E(W) and P(I) has not 

been overlooked. In particular, i t  is plausible to expect 

that i f  the interval is wide enough i t  would more likely  

contain the estimated statis tic . We explored additional 

selection ratios for the estimates and found, for example, 

when 10% of the sample is selected, interval widths balloon 

but the inclusion proportions are not specifically affected. 

I t  is not unreasonable, therefore, to discuss E(W) and P(I) 

as independent measures in the analysis.
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2. Evaluation of the Accuracy of the Interval Estimates 

Table 1, the results of Cell (1,1) in the basic 

design, demonstrates the performance of the estimates w h e n  

the conditions of the model are met: linear, homoscedastic

distribution with selection explicitly on X.

The following general conclusions may be made:

1) Estimates of BO, Bl, S2e, D for the total sample are 

consistent in terms of E(W) with respect to sample size, 

selection ratio and correlation. The intervals are 

narrower, thus better, the higher the values of N, selection 

ratio and population correlation.

2) The estimates are reliable. The median value of P(I) for 

each estimate in C ell(1,1) » 95. There is an expected 95X 

inclusion rate for the cases considered.

3) The estimates are potentially useful since the widths of 

the intervals may be explained or predicted, relative to 

sample size, selection ratio and correlation. The values in 

Table 1 are reasonable numerically when compared with E(M) 

values for selection ratios of .2 or .1, as seen in Table 

13. Because of the observed consistency we may expect 

interval width to be less than 1 standard deviation i f  N ■ 

50 and the selection ratio .8, or i f  N * 10O and ratio .5, 

or N = 200 and ratio as low as .3. All estimates except D 

conform, and those for S2e rate even better.

Tables 13 -  15 use some of the information from Table 1 and 

Appendix 4, page 97, to highlight the following
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relationships that occur in C ell(1,1):

1) Decrease in E(W) values across the rows in Table 13 

illustrates consistency with total sample size.

2) Increase in E(W) values for each estimate down the 

columns illustrates that the estimates worsen as the 

selected sample size is smaller, as the selection ratio  

decreases.

3) Tables 14 and IS hold selected sample size constant and 

examine E(W) values for the applicable ratios of various N. 

By this means we illustrate  that E(W) is a function of the 

selection ratio, rather than the absolute number of selected 

cases. For example, i f  complete information is available 

for 80 subjects, i t  matters that they are drawn from a total 

sample of 100 as opposed to 200 subjects! the expected 

width of the regression constant estimate is .27 rather 

than .81, (Table 15).

4) Decrease in E(W) values across the rows of Table 14 and 

Table 15 illustrate  consistency with the correlation of the 

X and Y variables.

In summary, the results of the analysis of C ell(1,1) 

attest to the accuracy and consistency of the interval 

estimates. Small standard deviations for the expected 

values computed, and checks in the simulation also confirm 

the stability  of these estimates. When the conditions of 

the model are met, critica l values for the effective use of 

the estimates may be established in terms of sample size,
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selection ratio and correlation. When estimates are derived 

from too l i t t le  complete data, i.e . when selection ratios 

are low, the intervals may be too wide to be of practical 

use. The intervals seem much less affected by the 

correlation values for X and Y and are reasonable even for 

small sample sizes.

When the conditions of the model are not met, either 

through distributional variations or alternate selection 

conditions, use of the estimates requires caution. An 

examination of the robustness of the estimates is presented 

by Tables 2 - 1 2  and summarized below.
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TABLE 13

CONSISTENCY OF INTERVAL ESTIMATES

E (W)
Ratio -----------------------------------

Selected Z II VI
t 

o N= 100 N=200

.8 .36 .24 . 17

.5 1. 10 .74 .52

.4 1.64 1.06 .75

.3 2.52 1.61 1. 12

.2 4.39 2.68 1.85. 1 12.88 6.82 4. 10

.8 .54 .36 .26

.5 1.13 .74 .53

.4 1.49 .94 .67

.3 2.02 1.26 .89

.2 3. 10 1.82 1.27. 1 3.88 2.34 1.81

.8 .32 .22 . 16

.5 .68 .46 .32

.4 .90 .56 .39

.3 1.45 .76 .50

.2 2.08 1.06 .60. 1 8.28 2.37 1.17

.8 1.74 1.21 .86
• 5 2. 16 1.47 1.05
.4 2.69 1.76 1.25
.3 3.55 2.29 1.60
.2 5.45 3.34 2.31. 1 14.27 7.56 4.56

Note: Correlation - .5.
Expected width of intervals, E(W), decreases as N increases 
and increases as smaller ratios of the total sample are 
selected.
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TABLE 14

Expected Width as a Function o-f Selection Ratio

Rat i o 
Selected N Rho=.3

E (W) 

Rho=.5 Rho=.7

.8 50 .37 .36 .30
BO .4 100 1.20 1.06 .89

*■> 200 2.02 1.85 1.48

.8 50 .59 .54 .45
Bl .4 100 1.06 .94 .82

.2 200 1.36 1.27 1.00

.8 50 .38 .32 .23
S2e .4 100 .72 .56 .39

.2 200 .73 .60 .41

.8 50 1.90 1.74 1.46
D .4 100 2.00 1.76 1.48

.2 200 2.53 2.31 1.84

Note: Selected sample size was held constant -for all
o-f the above entries <N’=40).
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TABLE 15

Effects of Selected Sample Size, Selection Ratio 
and Correlation on E(W)

E(W) values for BO 

Selected E(W)
le Rati o
ze Selected N Rho=.3 Rho=.5 Rho=.7

80 .8 lOO .27 .24 .21
.4 200 .81 .75 .61

40 .8 50 .37 .36 .30
.4 100 1.20 1.06 .89
.2 200 2.0 1.85 1.48

20 .4 50 1.70 1.64 1.34
.2 100 3.05 2.68 2.39
. 1 200 4.37 4. 10 3.26

10 .2 50 4.87 4.39 3.93. 1 100 7.31 6.82 6.06
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3. Evaluation of the Robustness of the Interval Estimates

As previously noted, the E(W) values in Tables 2 - 1 2  

reflect similar consistencies as Table 1. In effect, this 

establishes an internal validity for the system. As we 

measure changes across the cells in the design, however, 

expected width is secondary to the probability of including 

the estimated statistic in the interval. I t  really would 

not matter how narrow the interval was, i f ,  in fact, i t  was 

unlikely to contain the estimated value. For this reason, 

P(I) is the chosen variable for assessing robustness.

An examination of P(I) values computed showed no 

uniformity of behavior with respect to sample size, 

selection ratio or correlation. There was a tendency for 

the inclusion percentages to worsen significantly for N * 

200i the extremely poor P(I> values 15, 19, 21, 27 occur 

for N * 200, correlation = .7, and selection ratios of .3 or 

.5. These poor values occur in Table 6, under nonlinear 

homoscedastic distribution type with Compensatory selection, 

and also in Table 8, nonlinear heteroscedastic with 

Compensatory selection.

Tables and 17 allow us to organize and, therefore, 

assess the effects of distribution and selection variations 

on PCI).

In Table 16 we return to the basic 4 x 3  design 

(Figure 2), and present within each cell the median P(I> 

value for each estimate. There are 27 P(I> values for each 

estimate in each cell: one for each of 3 sample sizes with
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3 correlation values over 3 selection ratios. By reading 

across the rows we may summarize the effect of selection, 

and down the columns the effect of distribution.

Table 16 illustrates the following general conclusionsi

1) The estimates are reliable when the conditions of the 

model are met. In C ell(1,1) the median expected probability 

of inclusion, P(I) ■ 95% for each of the 4 estimates.

2) When selection is explicitly on X, the estimates remain 

reasonably reliable despite distributional variations. The 

median P(I) values in the column for explicit selection on 

X, are good, 93 -  96%.

3) Multiple cut-off selection effects are not as detrimental 

to the estimates as Compensatory selection effects.

Comparing the entries in the respective columns we find 

median P(I) values for Multiple cut-off appreciably better 

than those for Compensatory selections a range of 85 -  96% 

as against 68 -  95%. This appears a reasonable result based 

on the dynamics of the two selection modes. The role of X 

in selection is clear in Multiple cut-offs scores are 

ranked and a certain percentage selected on the basis of X, 

then, subsequently, selection based on Z from this group 

yields the desired selected sample.This interprets also as 

having a minimum or cut score for X and Z. In Compensatory 

selection no such minimum is set and either one of the 

variables, X or Z, could influence selection almost 

entirely. In any event, the wide fluctuation in inclusion 

percentages for both selection types here indicate that the
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estimates are not reliable for alternative selection modes.

4) Non-linearity in the distribution distorts the P(I> 

values. This is not as clear—cut an observation due to 

possible interaction effects in Table 16. I t  is d ifficu lt 

to separate out the selection effects as Me read across 

rows, However, worst P(I) values overall tend to occur in 

the rows of Table 16 that correspond to non-linear 

distributions, and in the Compensatory selection column.

Table 17 again utilizes the basic 4 x 3  design of Figure 2 

and presents the median P(I> values broken down by statistic  

estimated. The range in P(I) values for each cell is also 

indicated. This organization of the results allows a clear 

analysis of the behavior of the estimates. The following 

conclusions may be made from Table 17i

1) Under a ll conditions studied the estimates of S2e are 

reliable. The median P(I) values are 93X or better.

2) For selection explicitly on X, a ll 4 estimates are 

reasonable. Column 1 values of each subtable are good.

3) Worst values for each estimate occur in column 2, under 

Compensatory selection. In this column the re lia b ility  of 

of the estimates for BO and D is particularly affected, as 

the range of P(I) values for these estimates illustrates. 

Worst values also tend to occur in row 2 or row 4 which 

correspond to non-linear distributions.

4) Except for the Compensatory selection column 2, estimates 

of the regression coefficients BO and Bl are reasonably
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reliable. This, taken together Mith the general re lia b ility  

of the estimate of residual variance S2e, makes a solid case 

for the robustness of the interval estimates for regression, 

provided the selection mode assuredly involves the variable 

of interest. In effect, as is true for the Multiple cut-off 

selection model investigated here, i f  the selection is based 

to some extent on X, then the interval estimates of the XY 

relationship w ill be reasonable despite distributional 

variations.
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TABLE 16

Inclusion Percentages for the EstiMates

(Median P(I) values for the estimates)

Explicit Compen­ Multiple
Selection satory Cutoff

on X on X ♦ Z on X and Z

Linear BO 95 70 90
Homo- Bl 95 83 93

sc edastic S2e 95 95 96
D 95 69 92

Non- BO 93 70 86
Li near Bl 93 82 91
Homo- S2e 96 95 96

sc edastic D 93 68 86

Linear BO 94 73 92
Hetero- Bl 95 83 95

sc edastic S2e 95 95 95
D 95 72 93

Non- BO 94 70 85
Linear Bl 94 81 92

Hetero- S2e 95 95 96
sc edastic D 94 70 86
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TABLE 17
s s s a s s s s

Reliability of the Estimates

Median inclusion values P (I), (range given in parentheses).

BO Bl

1 I 1 1
• 95 • 70 • 90 • 
•<92- 98)•(39- 86)!<68- 99)!

• i i i
! 93 ! 70 ! 86 • 
!(77- 98)•(15- 87)!(49- 95)!

I i i
95 * 83 ! 93 • 

(92- 98) • <56- 93) (84- 98) •

i i i
93 ! 82 ! 91 ! 

<72- 98)•(21- 92)!(64- 96)!

i i i i

! 94 ! 73 ! 92 ! 
•(89-100)•<40- 88)•<64- 98)•

i i i
95 ! 83 ! 95 ! 

(89-100)*(50- 90)!(73- 98)!

i i i i

• 94 ! 70 85 • 
!<85- 98)•(19- 88)!<58- 93)!

! ! ! 
94 • 81 ! 92 • 

<88- 99)•(33- 88)!<74- 98)!

S2e 0

i i i i

• 95 ! 95 • 96 ! 
!(93-100)•(92-100)•(92-100)!

i i i
95 ! 69 ! 92 ! 

<92- 98)!(40- 88)!(66- 99)•

• i ■ 1
• 96 • 95 96 ! 
•(92- 98)•<92- 99)•(90- 98)!

i i i
93 ! 68 ! 86 ! 

<77- 98)•(15- 87)!(48- 94)!

i i i
95 ! 72 ! 93 • 

(89-100)!(41- 88)!(63- 96)!

I I I !
! 95 ! 95 ! 95 ! 
•<70- 98)!(82-100)!(76-100)!

i i i i

! 95 • 95 96 ! 
<81- 99) ! (78-100) ! (77- 98) !

• • i
94 • 70 ! 86 • 

(85- 99)•(19- 87)•(51- 93)•

Note: Each 4 x 3  grid above reflects the basic design of 
Figure 2| rows are distribution types and coluens selection 
models.
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4. Evaluation o-f a point estimate o-f Rxyt

Tables 1 - 1 2  examine bias associated Mith r, 

correlation in the selected sample, and R (Equation 5, 

Section 2.2) as estimates of the XY correlation in the total 

sample.

R is a "correction" of r , to adjust for the effects of 

selection. Here R is estimating the correlation in the 

fin ite  total sample for each case we consider, and not the 

population correlation value , as is generally the case

when this formula is applied. The analysis here is

localized and discrete since every sample type produces its  

particular sample correlation value Rxyt. The expected 

value of each Rxyt, however, is approximately 0̂ and the more 

detailed results in the tables of Appendix 4 confirm this.

The following general conclusions may be made from 

Tables 1 -  12s

1) Under conditions of explicit selection on X and linear 

distribution type, R overestimates when the selected sample 

is small. When 30X of the sample is selected, the 

correction tends to overcompensate: in IS out of the 18 

cases of Tables 1 and 3, B(R)  ̂ O.

Under Multiple cut-off selection, the same tendency is 

observed in the linear cases of Tables 9 and 11s for

selection ratio of .3, B(R) )  0 for 14 out of 18 cases.

2) In the non-linear cases, Tables 2, 6, 10 and to a 

slightly lesser extent in Tables 4, 8, and 12, extreme
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negative bias is observed in r for medium and low selection 

ratios. The tendency of R to overcompensate raises the 

correlation estimate in the selected sample to an acceptable 

level e.g., in Table 2, N > lOO, correlation * .7 i -for 

selection ratio .3, the expected negative bias in r of .23 

is reduced to .04.

3) Under Compensatory selection, Tables 5 - 8 ,  negative bias 

is reported throughout. B(r) values are negative in all 

tables} however, under explicit selection on X and Multiple 

cut-off, the correction has adjusted correlation so that 

some cases of nonnegative B(R) values result. Not so for 

Compensatory selection.

4) For the conditions investigated here, the estimate R 

tends to underestimate the correlation in the total sample! 

rationales for predicting its  specific behavior are 

d ifficu lt to summarize because of the interaction of the 

conditions involved.
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5. Further Considerations

In the quest for greater variation in the nonlinear 

fora of the bivariate distribution, we exaained faailies of 

sigaoid-shaped distributions where a larger portion of the 

distribution aay be flattened. In particular, we explored 

the Logistic Function aodel, (Lord and Novick (1968), pp. 

398-400).

Starting with X distributed noraally with a aean of 0 and 

standard deviation of 1, Y was generated so that >

E(Y I X) -  C 1 ♦ e00*3~*

Setting D ■ 1.7 and varying values for ay 1  ̂ a  ̂ 3, we 

obtain the regression functions displayed in Figure 9. 

Coaparing the graphs we note that the logistic function for 

a » 1 allows a More substantial portion of the distribution 

to be flattened than in the polynoaial or sigaoid case of 

our analysis. For a ■ 3 the logistic function is 

essentially a bivalued step function and clearly represents 

a rather strong violation in the assuaption of linear 

regression.

Using the regression functions of Figure 9, the 

accuracy of the estiaates was exaained for the case where N 

= 50, f° * .5. The results are given in Table 18. No fira  

conclusions can be drawn with respect to either the E(M) or 

P(I> criterion. The values for E(W) are aarginally affected 

by varying the "a" values) the aost accurate P(I) values
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occur for a = 1. With a = 1, howsver, values Mere not very 

different from the nonlinear case of Table 2. I t  may be 

that the normality of X, and the consequent concentration of 

data points in the center of the distribution, diffuses the 

effect of nonlinearity defined by the sigmoid shape. Except 

for very low selection ratios when the selected sample is in 

the lower ta il of the distribution, the nonlinearity 

condition does not disturb interval widths to any serious 

extent.

Future research might attempt to ascertain whether 

these estimates can withstand further distortions in 

underlying assumptions that may be of theoretical 

significance.

In conclusion, the findings of this research indicate 

that the estimates of the XY relationship are better able to 

withstand distributional violations than constraints in the 

selection process. Results in Table 16 illustrate  that the 

re lia b ility  of the estimates holds up remarkably except for 

Compensatory Selection, and Table 17 emphasizes, moreover, 

that the residual variance is a most robust statistic .

As previously noted, there is a basic limitation to 

the concept of nonlinear regression as defined in the 

present study. Even in the examples given by the sigmoid 

function, the bulk of the observations fa ll in a range where 

the regression is nearly linear. None the less, our results 

are s t i l l  of practical value, since this pattern of 

nonlinearity w ill probably occur in real l i fe  settings. In
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support o-f this statement, Lord & Novick (1968) have argued 

in -favor o-f the sigmoid model as a realistic one -for test 

validation studies.
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Figure 9
Graphs o-f the Logistic Function -for a*l, 2, 3 compared with 

Sigmoid and Linaar Functions

t )
t i t

I I I
t t t t

t t t t t l t t t t

t t
I t

t t .  
t  .

V!"

i l l . . ♦♦♦♦♦
I .

,1.

Vf.'. ...
I  t .  ♦♦

I I .  ♦♦

♦♦ w i . *

I?-’

. i t
t

t t
t t
V

»*
»
it-

i t t l t t t t t t t

t t t .

titt*V. ■ I  -  3rd Order Polynomial 
+ -  Logistic (a-1)
•  -  Logistic <a«2>
-  -  Logistic (a>3)

- 8 8 -



TABLE IB

LOGISTIC FUNCTION WITH VARYING EXPONENTIAL CONSTANTS
(CORRELATION = .5)

SAMPLE SIZE -  50
1 1 > 1 1 I

! SELECTION
: constant: ratio

80 B1 S2» D Rxyt 1

i
E(if) : P (I)

I

E(N> : P ( I) E(N) : P II )
t

E(N> : P(I>
1

B l r )  ! B(R)  !

: a* i  : .8 .30 94 .54 97 .32 97 1.75 94 -.0 5 .03 :
: : .5 1.10 89 1.13 93 .08 95 2.17 88 - .1 8 .02 :
: : .3 2.52 98 2.03 98 1.45 97 3.55 98 - .2 0 .05 :

: a*2 : .8 .30 94 .54 94 .32 97 1.75 94 - .0 5 .04 :
: .5 1.10 89 1.13 91 .09 95 2.17 89 -.2 1 .oo :

: : .3 2.52 98 2.03 90 1.4S 97 3.55 97 -.3 0 .02 :

1 A*3 1 .8 .30 92 .55 91 .33 90 1.77 91 -.0 4 .04 :
: : .5 1.11 85 1.13 85 .09 92 2.18 85 - .2 5 - .0 3  !
: : .3 2.52 95 2.03 95 1.45 97 3.55 95 -.3 4 - .o i  :

Not*! E(W) valuM are Marginally affected by varying 

"a" valu**. B**t P(I> valu** occur for a *  1. Overall 

values ar* not significantly different fro* th* coeparabl* 

ones in Table 2.
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Appendix 1

Derivation o-f Interval Estimates 

The construction of the predictive probability distribution 

for the missing Y-scores follows the general method outlined 

in Chapter 2, Section 3.5.

Assuming that the underlying model for the total 

sample Nt Y-scores is normal with expectation Xt/9 and 

dispersion ^*It , the models for Y in the selected sample 

(Ys) and unselected sample (Yu) arei

P(Ys Xsf 0 , 9 ) ■ N(Xs, 0 , 6 r Is)

P(Yu Xu, 0 , 9 )  ■ N(Xs, 0 , 9  lu)

In short, under the selection conditions 1) solely on X, or

2) on a set of conditionally independent variables, the 

models for Y in the selected and unselected samples are 

assumed normally distributed with expectation and dispersion 

derived by partitioning the total sample. Xs and Xu are the 

design matrices for the selected and unselected groups and 

Is and Iu are identity matrices of order Ns and Nu 

respectively. The predictive probability distribution of 

the unobserved Y-scores is expressed asi

Pred (Yu| Xu, Xs, Ys) *  J  J  P' ( 0 ,  #*)P(Ys| Xs,0, sA)P(Yu |Xu,0,«*) 

where P*( 0 ,  9* )  represents the joint distribution of 0 and
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Assuming a non-informativm prior this distribution is 

known to havm a multivariate t-distribution with Ns-2 

dmgrmms of frmmdom. Interval estimates for the least 

squares regression weights, B ■ <BO,Bl>, for the total 

applicant group Nt.derive from the relationship!

B » c ♦ L Yu 

where c -  (Xt’ Xt)"4 Xs’ Ys and L -  (Xt’ Xt)"1 Xu’ .

Since Yu is distributed multivariate t ,  the distribution of 

Bf a linear function of the missing Yu scores, w ill also be 

multivariate t . This distribution yields 95X credibility  

intervals for BO and B1 as given in Chapter 2, Section 2.2. 

P(bo -  Ao 4  BO ^ bo + Ao> « .93

P(bl -  A1  ̂ B1 { bl ♦ Ai) -  .95

For 0, (D ■ 9s -  ?u>, the difference in average Y—score 

between the selected and unselected groups, estimates are 

derived in terms of the multivariate t distribution for Yu. 

From the relationship!

D « Ys -  l'Yu/Nu 

and using as an estimate of 7u, the average predicted 

Y-score in the unselected group,

Yu -  l ’ Xu b /  Nu 

calculated from the regression weights in the selected 

group, a 93% credibility interval for D is giveni
— ^  _ O

P<Ys -  Yu -  Ad 4  D (  Ys -  Yu ♦ Ad) -  .95

For the estimate of residual variance in the total sample!
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S2a * SSa /  (Nt-2) 

tha pradictiva unconditional distribution for SSa m s s 
obtainadi

Prad(SSa|SSa., Nt,Ns) ■ BC (Nt -  Ns) /2, (Ns-2) /23-1 (SSa.)k 

(SSa -  SSa. )*'1 (SSs)"V‘k

whsrs BCa,b3 rafars to a bata function Mith argumants a,b.

It  is than shown that tha randoa variablai

F ■ C (SSa -  SSa.) (Ns -  2) 3 /  C SSajCNt -  Ns) 3 

has an F distribution with dagraas of fraadom Nt-Ns, Nt-2. 

From this tha 9SX cradibility intarval for tha rasidual 

varianca S2a is darivad.

Furthar datails of this mathod for dariving intarval 

astimatas may ba found in tha papar by Gross and Parry 

(1983).
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Appendix 2

Multiple Cut-off Selection 

If  the probability of a subject being rejected, P(R) is 

efined to be 1) the probability of rejection on the basis of 

X, P(Rx) or 2) the probability of having been selected on X, 

Sx, then rejected on the basis of Z, Rz, Me havet 

P(R) * P(Rx> ♦ Cl -  P(Rx)3 CP(Rz I Sx)3 

Defining k to be the relative ieportance of the two 

conditions of rejection:

k *  P(Rx> /  C<1 -P <Rx)) (P(Rz| Sx ) 3 

yields

P(Rx) -  Ck /  (K ♦ 1)3 . P(R)

For k/<k+l) ■ 0, selection is based entirely on Z.

For k/(k+l) a 1, subjects scoring highest on X alone are 

selected. Values of the ratio between 0 and 1 reflect 

selection procedures based on both variables.

For k/(k+l) « .5 rejection percentages on X and Z are: 

Selection X

.8  10

.5 25

.3 35

To obtain required selection ratios, subjects were rejected 

froe the total saeple f irs t on X then on the basis of Z.

11

33.3

53.8
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Appendix 3

Trivariate Normal Distributions 

Denoting variables X, Y, Z by subscripts l f 2, 3 

respectively and specifying matrix V

1 *12 *13

*12 1 *23

*13 *23 1

Obtain C a triangular matrix

c 11 

c21 

c31

c22

c32 c33

so that X -  CZ and V -  C . C'

we may calculate:
.1 ,i

e ll « 1, c21 =<*12, c31 -  *13, c22 -  (1 -*1 2 )

c32 * (*23 -#13*12) /  (1 -  * *2 )‘*

c33 *  £l -*1 3 X-  (*23 -*13*12)*/ (1 — ^12)J * *

Thus having generated X,

Y * *  12 X + c22 El

Z « # 13 X + c32 El + c33 E2

where El and E2 are linearly independent random numbers. 

These calculations u tilize  the method proposed in Naylor et. 

al. (1966) p. 98.
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Appendix 4

Additional Tables 

The tables that follow give means and standard 

deviations for statistics calculated from 100 iterations of 

each particular sample condition. They present more 

comprehensive information than the tables of the text and 

are included as reference and validation for the results and 

analyses presented.

Glossary

2*A0 

BO IN 

2*A1 

B1 IN

G

SS IN 

DEL Y 

2*AD 

DELY IN 

RHO 

RXYT

V RATIO 

X BAR

Y BAR 

SIGNA X 

SIGMA Y
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Expected interval width <E(W>> for BO

Probability of inclusion (P(I)> for BO

E(W) for B1

P(I) for B1

E(W) for S2e

P(I) for S2e

Difference in Y means, D 

E(N) for D 

P(I) for D

XY correlation in the selected sample 

Corrected correlation R

Variance ratio, selected to total, for X 

Mean of X 

Mean of Y

Standard deviation of X 

Standard deviation of Y



STABILITY CHECK OF ESTIMATES, VARYING RANDOM SEEDS
(LINEAR HOHOSCEDAST1C SELECTION ON I  N*50, CORR. - .S )

RS*RAND0H SEED VALUES

RS-13 RS-11 RS»17 RS*3I RS*23 RS-37 RS*29 RS-43 RS*41 RS*47
i i k s s s : : : : : z s s x x x x x x x x x x x x x x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

DO 1001 .02361 .00754 .01904 .02472 .00676 .00281 .02798 .01724 .01918 .00324

2 1 AO 80Z .33898 .33605 .36377 .34709 .34852 .36659 .35531 .34931 .34273 .34713
2 I  AO soz 1.0570 1.0993 1.1191 1.1062 1.0777 1.1144 1.0985 1.0892 1.0573 1.0807
2 1 AO 30Z 2.3989 2.5183 2.5311 2.5956 2.4267 2.3887 2.4448 2.4116 2.4960 2.4520

BO IN BOZ .93 .95 .97 .96 .96 .97 .96 .96 .95 .98
BO IN SOZ .95 .96 .95 .96 .95 .92 .91 .96 .93 .95
BO IN SOZ .94 .98 .96 .95 .94 .92 .96 .97 .99 .94

B1 IOOZ .51562 .49778 .50741 .48203 .51022 .52142 .47292 .50700 .47923 .51391

2 t  A1 80Z .53172 .53738 .54310 .53221 .53250 .54830 .54131 .52196 .50704 .53541
2 t  A1 SOZ 1 . 1 1 1 1 1.1261 1.1381 1.1444 1.1128 1.1350 1.1361 1.1034 1.0646 1.1267
2 1 A1 SOZ 1.9597 2.0248 2.0166 2.0999 1.9522 1.9048 1.9836 1.9134 1.9716 1.9908

B1 IN 80Z .93 .95 .98 .95 .97 .94 .96 .95 .95 .97
B1 IN 50Z .95 .97 .94 .96 .93 .93 .93 .95 .93 .97
BI IN SOZ .92 .98 .98 .95 .94 .92 .96 .94 .99 .94

SSE IOOZ .71388 .72517 .75051 .72668 .73446 .75254 .72804 .76018 .71057 .76946

6 SOZ .31022 .31826 .33307 .32453 .32238 .34005 .32185 .33275 .31126 .34032
6 50Z .67861 .67874 .73462 .71444 .69896 .74613 .70644 .73154 .66535 .73813
6 SOZ 1.3730 1.4457 1.5265 1.5124 1.4501 1.4496 1.4162 1.5293 1.4661 1.4735

SS IN BOZ .96 .98 .98 .94 .98 .94 .95 .95 .91 .91
SS IN SOZ .93 .95 .97 .97 .97 .96 .97 .91 .94 .94
SS IN SOZ .94 .96 .96 .97 .96 .97 .98 .98 .99 .97

DEL Y BOZ .92106 .84242 .84455 .86691 .87652 .89927 .80553 .88799 .83888 .88050
DEL Y SOZ .83167 .76703 .80293 .79282 .80268 .83411 .74467 .81612 .73313 .77482
DEL Y soz .79847 .79605 .80635 .78799 .82158 .83954 .76417 .83408 .78762 .79669

2 1 AD 80Z 1.7266 1.7387 1.7712 1.7587 1.7504 1.7946 1.7555 1.7506 1.6971 1.7688
2 1 AD SOZ 2.1417 2.1611 2.1984 2.2357 2.1655 2.1973 2.1795 2.1799 2.0985 2.1848
2 1 AD soz 3.4604 3.5495 3.5608 3.7385 3.4799 3.3737 3.4713 3.4515 3.5421 3.5338

DELY IN soz .93 .95 .97 .96 .96 .97 .95 .96 .95 .97
DELY IN soz .95 .96 .95 .96 .95 .92 .91 .96 .93 .96
DELY IN soz .94 .98 .96 .95 .94 .92 .96 .97 .99 .94

RHO 1001 .51876 .49564 .49815 .49037 .51183 .51578 .47704 .50193 .49572 .49619

RHO 80Z .40433 .40164 .40794 .37182 .40847 .41635 .38252 .40229 .39695 .39935
RHO soz .28035 .33606 .30717 .26623 .31700 .32058 .30877 .30937 .34846 .34602
RHO soz .24378 .30099 .26608 .19400 .26514 .31062 .29149 .26061 .29425 .34167

RIYT 80Z .49790 .49278 .49987 .46008 .49915 .51039 .46970 .48604 .48177 .48124
RXYT 50Z .44693 .51410 .47402 .43554 .48478 .47740 .47640 .47441 .51561 .50345
RIYT SOZ .48831 .52807 .50651 .46839 .51263 .53733 .53419 .49429 .52376 .57274

V RATIO soz .58046 .58621 .58999 .58948 .58541 .58441 .58608 .60393 .60263 .60861
V RATIO soz .35009 .35415 .36094 .34785 .35305 .36942 .35938 .37065 .36717 .37567
V RATIO soz .23696 .24706 .25066 .23326 .24413 .26877 .25097 .26927 .25338 .23837

I  BAR IOOZ -.0133 .01391 .01859 -.0122 -.0038 .01224 .00548 -.0002 .00433 -.0090
Y BAR IOOZ .01825 .01291 .02940 .02170 .00674 .01095 .03029 .01877 .02011 .00187

SI6HA I  IOOZ .98446 .97663 .97756 .99181 .99276 .99139 .97595 .99435 .99735 .97837
SIGMA Y IOOZ .97228 .97074 .98778 .96702 .98355 .99596 .95965 .99542 .95732 1.0010
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SELECTION ON X —  LINEAR HOMOSCEDASTIC
MEANS

CORO CORO CORO

BO IOOZ

N=50

.02600

N*100

.01263

N=200

.00500

N-50

.00754

N=100

-.0050

N=200

.01189

N=50

.01570

N= 100 

.00399

N=200

.00794

2 1 AO 
2 1 AO 
2 I  AO

40Z
20Z
10Z

1.6960 
4.8170 
16.201

1.1963
3.0515
7.3101

.81354
2.0160
4.3698

1.6353
4.3915
12.880

1.0612
2.6787
6.8215

.74878
1.8516
4.1030

1.3400
3.9320
13.330

.89024
2.3924
6.0568

.60545
1.4768
3.2615

BO IN 
BO IN 
BO IN

40* 
20 Z 
10Z

.39

.94
.90

.98

.97
.98

.96
.95
.94

.98

.99
.95

• .96 
.91 
.98

.91

.96

.97

.97
.97
.95

.94

.93

.94

.95

.97

.96

81 IOOZ .31721 .29445 .29415 .49778 .50467 .50559 .70611 .71188 .70189

2 t  At 
2 1 A] 
2 1 At

40Z
20Z
10Z

1.5767
3.4211
9.7660

1.0588
2.0548
4.0870

.72408
1.3636
2.4549

1.4866
3.0995
7.7477

.94339
1.8199
3.8804

.67114
1.2654
2.3362

1.2121
2.7265
7.8123

.80153
1.6385
3.4788

.53727
.99488
1.8184

B1 IN 
Bl IN 
B1 IN

40Z
20Z
10Z

.9
.93
.97

.97
.97
.98

.96
.96
.95

.98
.99
.94

.95
.91
.99

.92
.94
.97

.97
.98
.96

.94
.93
.94

.96
.96
.97

SSE IOOZ .86616 .91596 .90742 .72517 .74155 .74782 .51035 .51238 .50547

6
5
6

40Z
20Z
10Z

1.0583
2.4583
10.719

.71828
1.4314
2.9702

.47126
.73261
1.4254

.90473
2.0794
8.2776

.56221
1.0584
2.3745

.38627

.59553
1.1689

.65566
1.5358
6.7239

.38842
.75903
1.6106

.26405

.40691
.76555

SS IN 
SS IN 
SS IN

40Z
20Z
10Z

.96
.9

. V

.96
.96
.95

.99
.95
.95

.96

.98

.94

.94
.95
.96

.94

.92

.97

.96
.93
.97

.93
.96
.96

.93
.89
.95

DEL If 
DEL if 
DEL Y

40Z
20Z
10Z

.48560
.46496
.50923

.47438
.49462
.54889

.47106
.51014
.56821

.78528

.86361

.93954

.81802
.86089
.93074

.79926

.88211
.98528

1.1307
1.1884
1.2681

1.1248
1.2302
1.3590

1.1162
1.2072
1.3450

2 1 AD 
2 1 AD 
2 t  AD

40Z
20Z
10Z

2.8593
6.0666
18.221

1.9930
3.8073
8.0973

1.3614
2.5287
4.8699

2.6853
5.4455
14.266

1.7644
3.3421
7.5609

1.2470
2.3136
4.5573

2.1909
4.8378
14.503

1.4806
2.9814
6.7007

1.0082
1.8433
3.6139

DELY IN 
DEL/ IN 
DELY IN

40Z
20Z
10Z

.89
.93
.98

.9B
.97
.98

.96
.95
.94

.98
.99
.95

.96
.91
.98

.91
.96
.97

.97
.97
.95

.94
.93
.94

.95

.97

.96

RHO IOOZ .32044 .29574 .29572 .49564 .50392 .50215 .69622 .70239 .70097

RHO
RHO
RHO

40Z
20Z
10Z

.12410
.12556
.10041

.14871
.12661
.11926

.16745
.14137
.13288

.31201
.25505
.23940

.29428
.24898
.23939

.31978
.27592
.26046

.44081
.35769
.29167

.48572
.40359
.34100

.46774
.39883
.33675

RIYT
RIYT
RIYT

40Z
20Z
10Z

.35001
.52365
.73167

.28474

.37645
.53948

.29859
.34491
.45556

.53222
.57949
.74651

.46919
.51411
.56644

.51634
.52836
.57238

.64192
.67259
.75238

.70001
.68568
.70167

.68249
.66224
.62582

V RATIO
V RATIO 
7 RATIO

40Z
20Z
10Z

.29474
.18420
.12756

.31161
.21388
.15370

.30503 
.20391 
.15312

.29575
.20430
.15354

.31415
.21077
.14884

.29728 
. 19755 
.14415

.30764

.18974
.12248

.30585
.19388
.13412

.31244

.21703

.15579

I  BAR 1001 
Y BAR IOOZ 

SIGHA I IOOZ 
SI6NA Y IOOZ

-.0133
.02347
.98446
.96574

-.0032
.01303
1.0025
.99452

-.0047
.00330
1.0007
.99419

.01391
.01291
.97663
.97074

.00346
-.0029
.99261
.99004

.00168
.01214
.99279
.99712

.01859
.02959
.97756
.98608

.00290
.00612
.99177
1.0029

.00050
.00847
.99394
.99406
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SELECTION ON X —  LINEAR HOMOSCEDASTIC
STANDARD DEVIATIONS

COR-.3 CGR-.5 C0R-.7

BO IOOZ

N=50

.1274?

N-100 

.08346

N=200

.06944

N=50

.12824

N=100

.08513

N=2G0

.0647!

N-50

.09053

N=100

.06646

n= ;oo

.05240

2 1 AO 
2 t AO 
2 1 AO

401
201
101

.48624
2.0542
11.417

.22334
.91750
3.0997

.09680
.32259
1.1997

.51088
1.7956
9.5903

.19857 

.75270 
3.3322

.08874
.34404
1.1573

.33522
1.5958
9.7069

.16485
.76594
3.1015

.07540

.28788
1.0678

BO IN 
BO IN 
BO IN

401
201
101

.31286

.23748

.13999

.13999
.17058
.13999

.19595

.21794
.23748

.13999
.09949
.21794

.19595

.28618

.13999

.28618
.19595
.17058

.17058

.17058

.21794

.23748

.25514

.23748

.21794

.17058

.19595

B1 1001 .10831 .09091 .07073 .14073 .08103 .06710 .11131 .07186 .04751

2 1 A1 
2 I A1 
2 t A1

401
201
101

.46337
1.5208
7.1835

.19467

.57725
1.8268

.09826
.24584
.72278

.46038
1.3642
6.3149

.18055 

.55676 
2.1067

.09184

.25883

.72068

.31327
1.1342
5.7742

.17918
.56013
1.8658

.06962

.19747

.61146

B1 IN 
61 IN 
Bl IN

401
201
101

.3
.25514
.17058

.17058

.17058

.13999

.19595

.19595
.21794

.13999
.09949
.23748

.21794
.28618
.09949

.27129

.23748

.17058

.17058

.13999

.19595

.23748

.25514
.23748

.19595 

.19595 

.17058

SSE 1001 .15026 .12290 .08655 .15489 .09386 .07588 .10227 .06161 .04595

G
G
G

401
201
101

.34980
1.3844
8.2797

.14498

.44691
1.4450

.07131

.15887

.47016

.31723
1.0208
7.0023

.12017

.34252
1.1270

.05668
.13866
.36740

.21896

.80531
5.3743

.08763
.26607
.79542

.04004

.08939

.25187

SS IN 
SS IN 
SS IN

401
201
101

.195957

.17058

.19595
.19595
.21794

.09949

.21794

.21794

.19595

.13999

.23748

.23748

.21794

.19595

.23748

.27129

.17058

.19595

.25514

.17058

.25514 

.19595 

.19595

.25514

.31288

.21794

DEL y 
DEL V 
DEL Y

401
201
101

.22659

.26302

.40444

.17686
.22157
.30283

.14565

.17799

.24556

.26477
.33489
.44687

.18398
.20561
.26294

.13892

.15526

.21441

.24980
.24976
.37010

.17894 

.20895 

. 26B53

.11457

.13811

.17857

2 1 AD 
2 1 AD 
2 I AD

401
201
101

.74350
2.4977
12.976

.29243
.91169
3.2960

.14136

.39841
1.3323

.75519
2.2184
10.767

.28867

.89346
3.5947

.13612

.42619
1.2832

.49627
1.8452
9.9701

.25326

.92916
3.3689

.10909

.33754
1.1457

DELY IN 
DELY IN 
DELY IN

401
201
101

.31288

.25514

.13999

.13999
.17058
.13999

.19595

.21794

.23748

.13999
.07949
.21794

.19595 

.28618 

.13999

.28618

.19595

.17058

.17058

.17058
.21794

.23748

.25514
.23748

.21794

.17058

.19595

RHO 1001 .10231 .08899 .06994 .12360 .06634 .05374 .07630 .05281 .03305

RHO
RHO
RHO

401
201
101

.24584

.33106

.49018

.13876
.21077
.31707

.10473
.15839
.22236

.22724
.30830
.52633

.14067

.22534

.27107

.10331

.14919

.20573

.18884

.30089

.46598

.12286
.20210
.29328

.08428

.13654

.21407

RXY'T
RXYT
RXYT

401
201
101

.24777 
.26393 
.27058

.17679

.24122
.29453

.15336 
.21088 
.25139

.22681
.26897
.27828

.18974

.24248

.29159

.13987
.19813
.24940

.20575
.25461
.28684

.12532

.20507
.23137

.08361

.15446

.23989

0 RATIO 
V RATIO 
'■■! RATIO

401
201
101

.09555
.10441
.12874

.07469

.03179
.08158

.05118

.05797

.07014

.10972
.11404
.12743

.07870

.08806

.09457

.05263

.05903

.07148

.10284

.09987

.11239

.07756

.08578

.08665

.04929

.06437

.07185

X BAR 
Y BAR 

SIGHA X 
SIGNA Y

1001
1001
1001
1001

.14434

.13251

.09536

.08270

.10155
.08456
.06126
.06515

.06540

.07156

.05025

.04633

.13952
.15117
.08967
.09705

.10595

.10085

.06814

.06446

.06543

.08005

.04405

.04962

.14277
.14953
.09032
.09634

.09022
.08623
.07279
.07577

.OB080

.08091

.04596

.04630
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SELECTION ON X —  LINEAR H0N08CEDA8TIC
MEAN8

COR=.3 COR=.5 COR=.7

60 1001

N=50

.02600

N=100

.01263

(4=200

.00500

N=50

.00754

N= 100 

-.0050

N-200

.01189

N-50

.01570

NMOO

.00399

N=200

.00794

:  i  so 
I  t  AO
:  i  ao

BOZ
501
301

.373X0 
1.1643 
2.6424

.26912
.82206
1.0030

.18782
.56822
1.2160

.35605 
1.0993 
2.5183

.24352
.73908
1.6084

.17248
.52318
1.1228

.29997
.92285
2.0872

.20506
.62415
1.3628

.14143

.42470

.90459

BO IN
BO IN 
BO IN

801
501
301

.95
.94

.9 t

.99

.94

.96
.92
. ’ 3

.95

.96

.98

.96

.96

.95

.92

.94

.92

.97

.95

.96

.94
.94
.94

.95

.95

.93

B1 1001 .3172! .29445 .29415 .49778 .50467 .50559 .70611 .71188 .70189

2 1 A! 
2 » A1 
2 1 A1

801
501
301

.58570
1.2239
2.1587

.39868

.82270
1.4034

.28131

.57172

.95151

.53738
1.1261
2.0248

.36021

.74031
1.2607

.25885

.52968

.88530

.44785

.93854
1.6629

.30801
.63450
1.0784

.21034

.42581

.70551

B1 IN 
B1 IN 
B1 IN

801
501
301

.93

.95

.92

.95
.97
.96

.95
.93
.95

.95

.97

.98

.96

.96

.96

.93
.96
.92

.98

.94

.98

.93

.97

.96

.96

.95

.93

SSE 1001 .86618 .91596 .90742 .72517 .74155 .74782 .51035 .51238 .50547

e
B
G

B01
501
301

.37640
.82338
1.6659

.26809
.56930
.95610

.19003

.39023

.60579

.31826
.67874
1.4457

.21863

.45665

.75634

.15664
.32022
.49541

.22649

.49954
1.0380

.15255

.31951
.51674

.10663

.21876

.34104

SS IN 
SS IN 
SS IN

801
501
301

.96

.93

.94

.96

.99
.93

.95

.97
1

.98

.95

.96

.98

.95
.95

.97

. V
.97

.98

.97

.96

.97

.96

.93

1
.97
.95

DEL Y 
DEL Y 
DEL Y

801
501
301

.58261

.52154

.47079

.52850

.46739

.47583

.50818
.47429
.48202

.84242
.76703
.79605

.87753

.82619

.83430

.88251
.80812
.82421

1.1871
1.1116
1.1311

1.2555
1.1133
1.1501

1.2393
1.1)85
1.1417

2 1 AD 
2 t  AD 
2 1 AD

801
50Z
30Z

1.9019
2.3591
3.8116

1.3468
1.6452
2.5726

.94630
1.1420
1.7437

1.7387
2.1611
3.5495

1.2103
1.4728
2.2933

.86090
1.0456
1.6029

1.4606
1.8128
2.9363

1.0218
1.2457
1.9412

.70580

.84878
1.2911

DELY IN 
DELY IN 
DELY IN

801
501
301

.93

.°5

.94

.96

.99

.94

.05
.92
.93

.95
.96
.98

.96
.76
.95

.92

.94

.92

.9?

.95
.96

.93
.94
.94

.95

.95

.94

RHO 1001 .32044 .29574 .29572 .49564 .50392 .50215 .49622 .70239 .70097

RHO
RHO
RHO

807.
501
301

.23026

.13113

.12063

.22350
.17093
.13230

.23327
.17655
.15463

.40164
.33606 
.30099

.40711

.31206

.26486

.40621
.33023
.30358

.60109
.48683
.42616

.59516
.51070
.46089

.59424

.49428

.43741

RXYT
RXYT
RXYT

801
501
301

.29383

.29836
.40965

.28251 

.28403 

.32605

.29613

.2939!

.30753

.49278
.51410
.52807

.49620

.46550
.46289

.50028

.50412

.52636

.69792

.66758

.66808

.69289

.69827

.70614

.69067

.68105

.67850

V RATIO
V RATIO
V RATIO

801
501
301

.58046

.35009

.23696

.59551
.36611
.26202

.59119
.36086
.25433

.58621

.35415

.24706

.60142

.36823

.26376

.58750

.35211

.24605

.58999

.36094

.25066

.58892

.35936

.25125

.59653

.36716

.26325

i  BAR 
Y BAR 

SIGNA I  
SI6NA Y

1001
1001
IOOZ
1001

-.0133
.02347
.98446
.96574

-.0032
.01303
1.0025
.99452

-.0047
.00330
1.0007
.99419

.01391

.01291
.97663
.97074

.00346
-.0029
.99261
.99004

.00168

.01214

.99279

.99712

.01859

.02959

.97756

.98608

.00290
.00612
.99177
1.0029

r00050
.00847
.99394
.99406
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SELECTION ON X —  LINEAR HOMOSCEDASTIC
STANDARD DEVIATIONS

CQR=.3 COR1. 5 C0R: .7

N=50 N-100 N=200 N=50 N=100 N=200 N=50 N= 100 N=200

BO 1007 .12749 .08346 .06944 .12824 .08513 .06471 .09053 .06646 .05240

2 i  ao
2 t  AO 
2 1 AO

BOX
501
m

.092’ 9

.29785

.87145

.05115
.13935
.39787

.02125

.06415

.15701

.09303
.3u233
.89519

.04281

.12635

.35297

.01941

.05498

.16281

.07079

.20891

.64950

.02972

.10115

.30692

.01845

.05059

.12*07

BO IN 
BO IN 
BO IN

BOX
507
307

.25514

.21794

.23748

.19595

.09949

.23748

.19595

.27129

.25514

.21*94 
.19595 
.13999

.19595

.19595
.21794

.27129

.23748
.27129

.1*058

.21*94

.19595

.23748

.23748
.23748

.21794

.21794

.25514

B1 1007 .10831 .09091 .07073 .14073 .08103 .06710 .11131 .07186 .04*51

: »  ai 
2 t Al 
2 f AI

807
507
307

.11937

.30688

.73895

.05392

.13460
.31431

.02875
.07256
.14191

.11889

.30479

.72522

.04425

.11729

.29556

.02669

.06479

.14338

.08577

.20951
.53564

.04461

.12607

.27657

.02125 

.05040 

. 105o5

81 IN 
B1 IN 
B1 IN

307
507
307

.25514
.21794
.27129

.21794 

.17058 

.19595

.21794

.25514

.21794

.21794
.17058
.13999

.19595

.19595

.19595

.25514

.19595

.27129

.13999
.23748
.13999

.25514
.17058
.19595

.19595

.21794

.25514

SSE 1007 . 15u26 .12290 .08655 .15489 .09386 .07588 .10227 .06161 .04595

G
6
G

807
50Z
307

.07450
.24279
.68853

.04127
.10317
.23652

.01951

.05128
.10267

.07550

.20149

.57459

.02952
.08856
.19326

.01744

.04137

.09129

.05147

.14425

.41554

.02160
.06012
.13828

.01062

.02842

.05787

3S in 
SS IN 
SS IN

807
507
307

.19595 

.25514 
.23748

.19595

.09949

.25514

.21794

.17058
0

.13999
.21794
.19595

.13999

.21794

.21794

.17058

.17058

.17058

.13999

.17058

.19595

.17058

.19595

.25514

0
.17058
.21794

DEL V 
DEL * 
DEL Y

807
507
307

.34613

.21713

.23077

.24102
.16461
.18761

.16536
.15029
.16319

.29257
.25058
.31706

.2144! 

.18253 

.17872

.17155 

. 14527 

.13318

.31965

.24119

.24206

.23643
.16973
.19037

.13243

.10810

.11171

:  t ad
2 1 AD 
2 t  AD

BOY,
507
307

. 249'fi 

.49757 
1.2017

. j n i o  
* 20l 97 
.47846

.06065

.10817

.21015

.24398
.48914
1.1870

.09214

.19503

.46495

.05381

.09580

.22336

.18655

.33355

.85660

.08694

.18212

.41528

.04374

.08132

.16881

DELY IN 
DELY IN 
DELV IN

807
507
307

.25514

.21794

.23748

.195*5

.09949
.23Y48

.21794
.27129
.25514

.2W94

.19595

.13999

.19595

.19595

.21794

.2712*

.23748
.27129

.17058

.21794

.19595

.25514

.23748
.23748

.21794

.21794

.23748

RHO 1007 .10231 .03899 .^6994 .12360 .06634 .05374 .07630 .05281 .0330!

RHO
RHO
RHO

807
507
307

.12825

.18827

.27093

.10130 

.11818 

.17596

.08096

.10719

.1316!

.15439
.20852
.23156

.08411

.12452

.16661

.06516

.07723

.11727

.08594

.15103

.21268

.07523

.10671

.13554

.1-4924

.07429

.10376

RXYT
RXYT
RXYT

807
507
307

.15312

.18934

.24905

.12472
.15643
.19744

.0*840 

.13970 

. 19395

.16434
.22571
.25440

.09252
.15597
.21836

.07070

.09882
.16620

.08347

.16122

.20744

.06945

.10301

.13683

.04487

.07293

.11137

V RATIO
V RATIO

RATIO

SOI
507
307

.08612
.09425
.09729

.05805
.07192
.07764

.04245

.05064

.05223

.08513 
.10895 
.11018

.05128
.07334
.08310

.04576

.05048

.05570

.08136 
.10068 
.10034

.06137
.07637
.08044

.04450

.04865

.05504

X BAR 
Y BAR 

3I6HA X 
SIGMA Y

1007
1007
1007
1007

.14434

.13251

.09536

.08270

.10155
.08456
.06126
.06515

.06540
.07156
.05025
.04633

.13952
.15117
.08967
.09705

.10595

.10085

.06814

.06446

.06543

.08005

.04405

.04962

.14277

.14953

.09032

.09634

.09022
.08623
.07279
.07577

.08080

.08091

.04596

.04630

-lOO-



SELECTION ON X —  NONLINEAR HOMOSCEDASTIC
MEANS

C0R=.3 CORO C0R=.7

10 IOOZ

N=50

.02906

NMOO
sxsxs

.01088

n=:oo
sxxsx

.00431

N=50

.00781

N= 100
rxxss

-.0072

N=200
xxxxr

.01236

N=50

.01620

N=100
2 X S S X

.00378

N-200

.00645

2 1 AO 
2 t  AO 
2 1 AO

80Z
50Z
30Z

.37617
1.1677
2.6490

.27055

.82556
1.8075

.18867

.57002
1.2185

.35774
1.1055
2.5281

.24525

.74284
1.6116

.17317

.52464
1.1260

.30297

.93026
2.0997

.20635
.62767
1.3695

.14279

.42796

.91072

BO IN
BO IN
BO IN

SOZ
SOZ
JOZ

.93
.89
.93

.95
.94
.93

.98

.83

.89

.95
.91
.98

.96
.86
.85

.94
.89
.91

.97

.93

.93

.93
.9

.93

.96

.78

.77

61 IOOZ .32585 .29910 .29957 .51029 .51199 .51326 .71876 .72062 .70724

2 t  AI 
2 t  AI 
2 t  AI

80Z
50Z
SOZ

.58919
1.2263
2.1625

.40066
.82600
1.4066

.28258
.57355
.95349

.53975
1.1319
2.0325

.36256

.74370
1.2630

.25982

.53108

.88775

.45181

.94505
1.6716

.30986
.63781
1.0833

.21229

.42891

.71020

B1 IN 
B1 IN 
B1 IN

80Z
SOZ
SOZ

.94

.94
.9

.96
.96
.93

.96
.86
.9

.97
.95
.98

.96
.9

.89

.9
.89
.89

.95

.95
.93

.93
.94
.91

.96

.82

.72

SSE IOOZ .87771 .92829 .91826 .73496 .75471 .75966 .52290 .52220 .51956

G
6
6

soz
50Z
SOZ

.38180

.82844
1.6782

.27083
.57393
.96139

.19180

.39290

.60874

.32115
.68572
1.4595

.22173

.46149

.76032

.15787
.32204
.49841

.23098

.50754
1.0494

.15459

.32361

.52318

.10866

.22210

.34592

SS IN 
SS IN 
SS IN

SOZ
50Z
SOZ

.95

.94

.94

.98
.99
.94

.94
.98

1

.98

.95

.97

.97
.95
.95

.95

.98

.96

.97

.96

.98

.94
.94
.92

.97

.97

.97

DEL Y 
DEL Y 
DEL Y

SOZ
50Z
SOZ

.60333

.59970

.53399

.55478
.54645
.53439

.53499
.55577
.54403

.87804
.84893
.85789

.90966

.90775

.89435

.91305

.89209

.88899

1.2225
1.1926
1.1923

1.2844
1.1942
1.2120

1.2693
1.2004
1.2035

2 4 AD 
2 t  AD 
2 t  AD

80Z
SOZ
SOZ

1.9145
2.3642
3.8188

1.3537
1.6520
2.5787

.95067
1.1457
1.7474

1.7468
2.1726
3.5633

1.2187
1.4800
2.2977

.86424
1.0485
1.6074

1.4743
1.8264
2.9532

1.0284
1.2527
1.9506

.71245

.85506
1.2999

DELY IN 
DELY IN 
DELY IN

SOZ
50Z
SOX

.93
.9

.92

.95
.94
.93

.98

.83

.89

.95
.91
.98

.95

.86

.85

.94
.89
.91

.96

.93

.93

.93
.9

.93

.96

.78

.77

RHO IOOZ .32454 .29724 .29861 .50157 .50528 .50435 .69857 .70363 .69879

RHO
RHO
RHO

soz
soz
soz

.25172

.09759

.03783

.23588
.12216
.03060

.24733 
.12952 
.05241

.41523

.29488
.20656

.41712

.26266

.15711

.42085
.28694
.20390

.61152
.45103
.33652

.60604

.47243

.36559

.60089

.44588

.32433

RXYT
RXYT
RXYT

80Z
soz
soz

.31986
.28380
.37854

.29804
.23001
.25210

.31367
.23466
.22751

.50720

.47405

.46788

.50718

.39901

.36297

.51646

.44660

.39500

.70762

.63140

.57888

.70324
.66062
.59774

.69678

.63066

.54255

V RATIO
V RATIO
V RATIO

80Z
50Z
SOZ

.58046
.35009
.23696

.59551
.36611
.26202

.59119
.36086
.25433

.58621
.35415
.24706

.60142
.36823
.26376

.58750
.35211
.24605

.58999

.36094

.25066

.58892

.35936

.25125

.59653

.36716

.26325

X BAR IOOZ 
Y BAR IOOZ 

SIGNA X IOOZ 
SI6MA Y IOOZ

-.0133
.02590
.98446
.97412

-.0032
.01154
1.0025
1.0018

-.0047
.00261
1.0007
1.0008

.01391
.01301
.97663
.98051

.00346
-.0053
.99261
.99943

.00168

.01262

.99279
1.0066

.01859

.02987

.97756
.99866

.00290
.00640
.99177
1.0121

.00050

.00720

.99394
1.0043

-101-



SELECTION ON X —  NONLINEAR HOMOSCEDASTIC
STANDARD DEVIATIONS

CORO C0R=.5 C0R=,7

BO IOOZ

N=50

.12849

NMOO

.08262

N*200

.07003

N=50

.12782

N-100

.08538

N=200

.06519

N=50

.09194*

N*lOO
sssxs

.06899

N-200

.05295

2 t  AO 
2 t  AO 
2 t  AO

BOZ
SOZ
SOZ

.09391

.29973

.87356

.05156

.14105
.40216

.02101

.06331

.16020

.09337
.30481
.89814

.04345

.12596

.35244

.01954

.05416
.16103

.07259

.21132

.64653

.02990

.10073
.30637

.01874

.04999

.12704

BO IN 
BO IN 
BO IN

80Z
50Z
SOZ

.25514
.31288
.25514

.21794
.2374B
.25514

.13999

.37563
.31288

.21794
.28618
.13999

.19595
.34698
.35707

.23748
.31288
.28618

.17058

.25514

.25514

.25514
.3

.25514

.19595

.41424

.42083

B1 IOOZ . 11BS1 .09573 .07187 .14375 .08868 .07255 .11524 .07527 .05122

2 1 AI 
2 1 AI 
2 1 AI

BOZ
50Z
SOZ

.11751 

.30597 

. 73B70

.05340

.13475
.31610

.02835

.07217
.14441

.11860

.30464
.72510

.04353

.11443

.29361

.02616

.06345

.14206

.08606

.20774
.53037

.04410

.12431
.27515

.02107

.04924

.10305

B1 IN 
B1 IN 
Bi IN

BOZ
SOZ
SOZ

.23748
.23748

.3

.19595
.19595
.25514

.19595
.34698

.3

.17058
.21794
.13999

.19595
.3

.31288

.3
.31288
.31288

.21794

.21794

.25514

.25514
.23748
.28618

.19595

.38418

.44899

SSE IOOZ .15360 .12610 .08747 .15515 .09782 .07652 .10522 .06423 .04928

6
8
6

80Z
50Z
SOZ

.07631

.24605

.70672

.04117

.10373

.24356

.01943

.05207
.10834

.07554

.20199

.58481

.03065

.08963
.19612

.01741

.04059

.09129

.05374

.14629

.41260

.02258 

.06286 
.14567

.01090

.02835

.05790

SS IN 
SS IN 
SS IN

BOZ
50Z
SOZ

.21794
.23748
.23748

.13999
.09949
.23748

.23748
.13999

0

.13999
.21794
.17058

.17058
.21794
.21794

.21794
.13999
.19595

.17058
.19595
.13999

.23748
.23748
.27129

.17058

.17058

.17058

DEL Y 
DEL Y 
DEL Y

BOZ
SOZ
SOZ

.35129
.21521
.23123

.24341 

.16629 

.18709

.16225 

.14934 

.16290

.28699

.24893

.31719

.21316

.18166

.17407

.16864

.14525

.13316

.31218

.23544

.23191

.21772

.16101

.18128

.12572

.10707

.11066

2 1 AD 
2 t  AD 
2 t  AO

80Z
SOZ
SOZ

.24622

.49616
1.2009

.12102
.20357
.48316

.05940

.10772

.21640

.24436
.49061
1.1887

.09298

.19177

.46207

.05285

.09336

.22101

.19185

.33332

.84891

.08755

.18027 

.41366

.04370

.07922

.16590

DELY IN 
DELY IN 
DELY IN

BOZ
SOZ
SOZ

.25514

.27129

.21794
.23748
.25514

.13999 

.37563 

.31288

.21794
.28618
.13999

.21794

.34698

.35707

.23748

.31288

.28618

.19595

.25514

.25514

.25514
.3

.25514

.19595

.41424

.42083

RHO IOOZ .10733 .09060 .06791 .11962 .06554 .05417 .07072 .04806 .03235

RHO
RHO
RHO

BOZ
50Z
SOZ

.12221

.19196

.27379

.10097

.12112

.17657

.07904

.10831

.13775

.15273
.21553
.24589

.08412

.13036

.18458

.06479
.08673
.13750

.08311

.15114

.22656

.06983

.10609

.14632

.05010

.08048
.11493

RXYT
RXYT
RXYT

BOZ
SOZ
SOZ

.14956 

.18800 
.25072

.12428 
.14965 
.20379

.09639

.13454
.15865

.16404
.23241
.24221

.09336

.17951
.21517

.07072

.12270
.19163

.07994

.16981

.24216

.06570

.11444
.19001

.04686

.08989

.15973

V RATIO
V RATIO
V RATIO

BOZ
SOZ
SOZ

.08612

.09425

.09729

.05805

.07192
.07764

.04245

.05064

.05223

.08513

.10895
.11018

.05128

.07334

.08310

.04576

.05048

.05570

.08136

.10068

.10034

.06137

.07637
.08044

.04450

.04865

.05504

X BAR IOOZ 
Y BAR IOOZ 

SI6NA X IOOZ 
SI6NA Y IOOZ

.14434
.13451
.09536
.08268

.10155
.08400
.06126
.06636

.06540

.07229

.05025

.04656

.13952
.15241
.08967
.09615

.10595
.10080
.06814
.063B5

.06543
.08023
.04405
.05069

.14277

.15175

.09032

.09294

.09022
.08705
.07279
.06959

.08080
.08156
.04596
.04396

-102-



SELECTION ON X —  LINEAR HETER0SCEDA8TIC
MEANS

COR=.3 COR*.5 COR=.7

BO IOOZ

N-50

.02643

N*100

.01284

N-200

.00529

N=50
xssr

.00717

N-100
sssxs

-.0044

N=200

.01191

N*50

.01734

N=100

.00575

N=200

.01084

2 t  AO 
2 1 AO 
2 t  AO

80Z
50Z
JOZ

. J7419 
1.1632 
2.61J1

.26966
.82053
1.7834

.18829

.56755
1.2030

.35980
1.0925
2.4280

.24564
.73556
1.5510

.17414
.52137
1.0819

.30670

.90463
1.8496

.21115
.61791
1.2106

.14530

.42088

.81068

BO IN 
BO IN 
BO IN

eoz
50Z
30Z

.92
.95
.94

.96

.99

.96

.94
.92
.94

.95
.92
.97

.96

.95

.96

.92
.94
.89

1
.96
.93

.97
.91
.91

.97

.93

.8R

B1 IOOZ .36116 .33893 .33854 .56990 .57791 .57812 .80759 .81182 .80437

2 1 AI 
2 I  AI 
2 t  AI

BOZ
50Z
JOZ

.58713
1.2233
2.1359

.39955

.82144
1.3885

.28205
.57112
.94145

.54344
1.1214
1.9556

.36346
.73749
1.2168

.26146

.52816
.85344

.45944

.92574
1.4829

.31750

.62978
.96070

.21627

.42257

.63318

B1 IN 
B1 IN 
B! IN

BOZ
50Z
JOZ

.91
.95
.93

.96

.98
.97

.94
.95
.93

.96
.96
.99

.97

.97

.95

.91
.96
.89

1
.96
.96

.96
.94
.93

.95

.94

.91

SSE IOOZ .86418 .91367 .90564 .72368 .73721 .74425 .50447 .50833 .49987

&
6
6

BOZ
50Z
JOZ

.37807

.82265
1.6312

.26926
.56769
.93618

.19100

.38941

.59308

.32515
.67315
1.3496

.22246

.45345
.70505

.15972
.31836
.46057

.23774

.49055

.83272

.16182
.31508
.41118

.11265

.21574

.27498

SS IN 
SS IN 
SS IN

BOZ
SOZ
JOZ

.96

.94

.95

.97
.99
.93

.95

.97

.97

.95

.94

.98

.97

.96

.92

.92
.97
.94

.93

.94

.98

.89

.96

.85

.7
.95
.84

DEL Y 
DEL Y 
DEL Y

80Z
50Z
JOZ

.66563

.57082

.53355

.61311

.51694
.54160

.59331

.52280

.54721

.97639
.84600
.89970

1.0134
.90803
.94310

1.0205
.88653
.92971

1.3738
1.2230
1.2781

1.4442
1.2205
1.2960

1.4317
1.2281
1.2890

2 t  AD 
2 1 AD 
2 t  AD

BOZ
50Z
JOZ

1.9060
2.3578
3.7706

1.3497
1.6426
2.5452

.94873
1.1407
1.7251

1.7573
2.1510
3.4257

1.2209
1.4670
2.2129

.86936
1.0424
1.5449

1.4967
1.7866
2.6150

1.0524
1.2354
1.7271

.72545

.84232
1.1584

DELY IN 
DELY IN 
DELY IN

BOZ
50Z
JOZ

.92

.95
.94

.96

.99

.96

.95
.92
.94

.95

.92

.97

.96

.95
.96

.92
.94
.89

1
.95
.03

.97

.91

.91

.97

.93
.9

RHO 1002 .36034 .33621 .33592 .54889 .55712 .55442 .74567 .74915 .74984

RHO
RHO
RHO

80Z
SOZ
JOZ

.25675
.17241
.16778

.25094
.21321
.17917

.25941

.21816

.20156

.43837
.40037
.38186

.44568

.38070

.35240

.44124
.39484
.38491

.63679
.57300
.56578

.62748
.59117
.59649

.62868

.58034

.57979

RXYT
RXYT
RIYT

BOZ
SOZ
JOZ

.32537

.33046

.43436

.31600
.33799
.37496

.32800

.34827

.36704

.53142
.57770
.60697

.53827

.55287

.56824

.53864
.58373
.63184

.73135

.74945

.78348

.72298

.77066

.82658

.72267

.76023

.80814

V RATIO
V RATIO
V RATIO

BOZ
50Z
JOZ

.58046

.35009

.23696

.59551
.36611
.26202

.59119
.36086
.25433

.58621
.35415
.24706

.60142

.36823

.26376

.58750

.35211

.24605

.58999

.36094

.25066

.58892
.35936
.25125

.59653

.36716

.26325

X BAR IOOZ 
Y BAR IOOZ 

SI6HA X IOOZ 
SI6NA Y IOOZ

-.0133
.02314
.98446
.97956

-.0032
.01309
1.0025
1.0075

-.0047
.00339
1.0007
1.0074

.01391
.01355
.97663
1.0066

.00346
-.0020
.99261
1.0267

.00168

.01234

.99279
1.0334

.01B59

.03310

.97756
1.0554

.00290

.00806

.99177
1.0735

.00050

.01140

.99394
1.0655

-103-



SELECTION ON X —  LINEAR HETER08CEDA8TIC
STANDARD DEVIATIONS

COR=.3 COR:.5 COR:.7

80 1001

N=50
sssr

.12761

N*100

.08378

N=200

.06975

N*50

.12906

N=100

.08537

N-200

.06489

N«50

.09148

N-100
sssss

.06538

N=200

.05169

:  i  fto
2 1 AO 
2 1 AO

801
501
301

.09294

.29507
.85517

.05122

.13731
.39009

.02128

.06355

.15421

.09397
.29092
.84949

.04327

.12048

.33348

.01951
.05284
.15279

.06997

.17743

.53571

.03045

.09322

.25536

.01860

.04427

.10584

80 IN 
BO IN 
80 IN

801
501
301

.27129
.21794
.23748

.19595 
.09949 
.19595

.23748

.27129
.23748

.21794
.27129
.17058

.19595
.21794
.19595

.27129

.23748

.31288

0
.19595
.25514

.17058

.28618

.28618

.17058

.25514

.31288

81 1001 .10631 .08960 .06973 .13278 .07696 .06342 .09457 .06189 .04010

2 t AI 
2 1 AI 
2 1 AI

801
501
301

.12041

.30656

.73017

.05430

.13414

.30978

.02902

.07270

.14047

.12203
.30182
.69852

.04591

.11623

.28591

.02778

.06552

.13796

.09212

.20677

.48280

.04830
.12847
.24835

.02284

.05024

.09358

81 IN 
61 IN 
B1 IN

801
501
301

.28618

.21794

.25514

.19595
.13999
.17058

.23748
.21794
.25514

.19595
.19595
.09949

.17058

.17058

.21794

.28618

.19595

.31288

0
.19595
.19595

.19595

.23748

.25514

.21794

.23748

.28618

SSE 1001 .15027 .12294 .08617 .15741 .09471 .07643 .10188 .06734 .04694

6
5
6

801
SOI
301

.07481

.24238
.67308

.04180
.10337
.23186

.01966 
.05132 
.10086

.07781

.19823
.53584

.03050

.08913

.18281

.01805
.04189
.08592

.05396

.15682

.34992

.02357

.06388
.11486

.01157

.03035

.04778

SS IN 
SS IN 
SS IN

801
501
301

.19595

.23748

.21794

.17058

.09949

.25514

.21794

.17058

.17058

.21794
.23748
.13999

.17058

.19595

.27129

.27129
.17058
.23748

.25514

.23748

.13999

.31288

.19595

.35707

.45825

.21794

.36660

DEL Y 
DEL Y 
DEL Y

801
501
301

.34624

.22102

.23270

.24025
.16523
.18987

.16561

.15185

.16377

.29014
.25342
.31388

.21247

.18815
.18315

.16935

.14824

.13394

.31036

.24926

.24617

.23688
.18026
.19736

.13098

.11517

.11497

2 1 AD 
2 t AD 
2 * AD

801
501
301

.24949

.49527
1.1835

.12316 
.20002 
.47007

.06116

.10804

.20725

.24772
.47726
1.1336

.09518
.19057
.44555

.05570
.09543
.21189

.19298

.31526

.75202

.09215

.18151

.35864

.04684

.08112 

.14700

DELY IN 
DELY IN 
DELY IN

801
501
301

.27129
.21794
.23748

.19595
.09949
.19595

.21794
.27129
.23748

.21794

.27129

.17058

.19595
.21794
.19595

.27129
.23748
.31288

0
.21794
.25514

.17058
.28618
.28618

.17058 

.25514 
.3

RHO 1001 .09838 .08587 .06779 .11069 .06141 .04899 .06420 .04807 .02872

RHO
RHO
RHO

801
501
301

.12536

.18425

.26556

.09963

.11546

.17280

.07984
.10540
.12816

.14268
.19084
.21514

.08034

.11706

.15486

.06281 
.07024 
.10763

.07483

.12949

.18081

.07103
.09717
.11096

.04637 
.06304 
.08253

RXYT
RXYT
RXYT

801
501
301

.14880
.19501
.25291

.12036
.15934
.19272

.09562

.14292

.20024

.15359
.21303
.24256

.08569

.13230

.20163

.06579

.08112

.13185

.06908

.12100

.17424

.06290
.08013
.07285

.03968

.05245

.06120

V RATIO
V RATIO
V RATIO

801
501
301

.08612

.09425

.09729

.05805
.07192
.07764

.04245
.05064
.05223

.08513 
.10895 
.11018

.05128

.07334

.08310

.04576

.05048

.05570

.08136

.10068

.10034

.06137

.07637

.08044

.04450

.04865

.05504

X BAR 1001 
Y BAR 1001 

SISHA X 1001 
SI6HA Y 1001

.14434

.13455

.09536

.0B358

.10155
.08610
.06126
.06598

.06540

.07276

.05025

.04685

.13952
.15803
.08967
.09893

.10595

.10511

.06814

.06557

.06543
.08334
.04405
.04984

.14277 

.16109 

.09032 

.09486

.09022

.09286

.07279

.07616

.08080

.08704

.04596
.04571

-1 0 4 -



SELECTION ON X —  NONLINEAR HETEROSCEDASTIC
MEANS

C0R=.J CORO CORO

BO IOOZ

N=50

.02949

N=100
sssss

.01110

N=200
S S S S S

.00461

N=50

.00744

N*100

-.0065

N=200

.01237

N*50

.01783

NMOO
S S S S S

.00554

N*200
S S S S S

.00935

2 1 AO 
2 1 AO 
2 1 AO

BOZ
SOZ
JOZ

. 376J9 
1.1659 
2.6203

.27064
.82360
1.7885

.18884

.56905
1.2060

.36033
1.0976
2.4398

.24652

.73861
1.5558

.17429

.52234
1.0861

.30771

.91012
1.8642

.21117
.62041
1.2202

.14561

.42290

.81879

BO IN 
BO IN 
BO IN

80Z
SOZ
JOZ

. ” 4

.94

.92

.95
.97
.94

.96

.85
.88

.95

.95

.90

.98

.89
.91

.95

.92

.94

.98

.95

.95

.96

.94

.94

.94

.91
.9

B! IOOZ . J6981 .34358 .34396 .58241 .58522 .58579 .82024 .82056 .80973

2 1 AI 
2 I Ai 
2 1 AI

80Z
SOZ
JOZ

.58979
1.2250
2.1401

.40087

.82429
1.3922

.28286
.57265
.94379

.54416
1.1260
1.9646

.36461

.74013
1.2202

.26162
.52904
.85665

.46063

.93027
1.4932

.31750
.63201
.96786

.21668
.42450
.63938

B1 IN
B1 IN 
B1 IN

soz
50Z
JOZ

.9J

.94

.91

.96
.97
.94

.95
.88
.9

.96
.96
.99

.96

.92
.9

.92

.91

.93

.99

.96

.96

.94
.94
.94

.96

.91

.88

SSE IOOZ .87249 .92257 .91311 .72807 .74477 .75050 .50971 .51097 .50570

6
5
6

801
SOZ
JOZ

. J82JJ 

.82665 
1.6441

.27108

.57166
.94212

.19214

.39165
.59651

.32597

.67835
1.3650

.22406

.45726

.71027

.15997

.31953

.46436

.23933

.49577

.84431

.16197

.31792

.41905

.11312

.21781

.28075

SS IN 
SS IN 
SS IN

soz
50Z
JOZ

.94

.95

.94

.99

.99

.94

.95

.98

.99

.98

.96

.98

.99
.96
.93

.93

.97

.96

.93
.94
.97

.9
.95
.84

.81
.96
.85

DEL Y 
DEL V 
DEL V

soz
soz
JOZ

.686J5

.64897

.59675

.63940

.59600

.60016

.62013

.60429
.60922

1.0120
.92791
.96154

1.0455
.98959
1.0031

1.0510
.97051
.99449

1.4092
1.3040
1.3393

1.4731
1.3015
1.3580

1.4616
1.3100
1.3508

2 t  AD 
2 t  AD 
2 t  AD

80Z
soz
JOZ

1.9159
2.J615
3.7706

1.3543
1.6485
2.5521

.95154
1.1439
1.7296

1.7598
2.1601
3.4420

1.2251
1.4727
2.2193

.87001
1.0443
1.5508

1.5010
1.7961
2.6347

1.0526
1.2402
1.7406

.72690

.84624
1.1700

DELY IN 
DELY IN 
DELY IN

soz
soz
JOZ

.93

.94

.92

.95
.97
.94

.97

.85
.89

.95

.95

.98

.98
.9

.91

.94

.92
.94

.99

.95

.95

.96

.94
.94

.94

.91
.9

RHO IOOZ .36458 .33795 .33906 .55546 .55946 .55748 .74970 .75231 .75019

RHO
RHO
RHO

soz
soz
JOZ

.27804 

. 1J9J2 

.08512

.26334
.16531
.07779

.27348

.17211

.09990

.45229
.36208
.29087

.45614

.33480

.24773

.45602
.35471
.28858

.64832

.54420

.48684

.63951
.56034
.51467

.63708

.54074

.48135

RXYT
RXYT
RXYT

BOZ
50Z
JOZ

.35177

.31045

.39648

.33137
.27618
.27727

.34533

.28608

.25584

.54601
.53667
.52904

.54951

.49627

.45487

.55459

.53533

.50838

.74179

.72504

.71537

.73410
.74496
.76035

.73022

.72546

.72410

V RATIO
V RATIO
V RATIO

soz
50Z
JOZ

.58046

.35009

.23696

.59551
.36611
.26202

.59119
.36086
.25433

.58621
.35415
.24706

.60142
.36823
.26376

.58750

.35211

.24605

.58999

.36094

.25066

.58892
.35936
.25125

.59653

.36716

.26325

X BAR 1001 
Y BAR IOOZ 

SI6HA X IOOZ 
SI6NA Y IOOZ

-.0133
.02558
.98446
.98638

-.0032
.01159
1.0025
1.0131

-.0047
.00270
1.0007
1.0125

.01391
.01366
.97663
1.0141

.00346
-.0044
.99261
1.0334

.00168

.01282

.99279
1.0404

.01859

.03338

.97756
1.0647

.00290
.00834
.99177
1.0793

.00050

.01013

.99394
1.0716

-105-



SELECTION ON X —  NONLINEAR HETEROSCEDASTIC
STANDARD DEVIATIONS

COR1. 3 COR*.5 C0R=.7

10 IOOZ

N*50 

.12834

N*100
s riss

.08277

(4=200
s s s s s

.07021

N*50
s s a s

.12813

N* 100 

.08540

N*200

.06517

N=50

.09225

N=100

.06739

N=200

.05174

:  t ao
2 1 AO 
2 t  AO

BOZ
50Z
JOZ

.09386 

.29699 

. B5744

.05155

.13906

.39443

.02100

.06277

.15742

.09395

.29333
.85200

.04362

.12006

.33276

.01954

.05204

.15093

.07100

.17926

.53182

.03041

.09292

.25472

.01874

.04389

.10355

BO IN 
BO IN 
BO IN

BOZ
50Z
301

.23748

.23748

.27129

.21794
.17058
.23748

.19595
.35707
.32496

.21794
.21794
.13999

.13999

.31288

.28618

.21794
.27129
.23748

.13999

.21794

.21794

. 19595 

.23748 

.23748

.23748

.28618
.3

B1 IOOZ .11575 .09400 .07056 .13505 .08376 .06837 .09731 .06343 .04367

2 I AI 
2 t  AI 
2 1 AI

BOZ
50Z
JOZ

.11834

.30561
.72972

.05381

.13425
.31145

.02863 

.07229 
.14286

.12173
.30148
.69755

.04518

.11313

.28350

.02730
.06418
.13643

.09244

.20435

.47672

.04796
.12671
.24642

.02270

.04921

.09129

Bl IN 
B1 IN 
Bl IN

601
50Z
J01

.23514

.23748

.28618

.19595

.17058

.23748

.21794

.32496
.3

.19595

.19595
.09949

.19595

.27129
.3

.27129

.28618

.25514

.09949

.19595

.19595

.23748
.23748
.23748

.19595

.28618
.32496

SSE 1001 .15266 .12560 .08661 .15656 .09697 .07632 .10460 .06772 .04920

6
6
6

801
50Z
JOZ

.07624

.24519

.69161

.04153
.10360
.23894

.01947
.05204
.10659

.07733
.19726
.54543

.03109

.08949

.18560

.01787

.04095

.08606

.05550

.15635

.34637

.02410
.06552
.12204

.01172

.03017

.04825

SS IN 
SS IN 
SS IN

BOX
SOZ
JOZ

.23748

.21794
.2J74B

.09949
.09949
.23748

.21794

.13999
.09949

.13999
.19595
.13999

.09949

.19595

.25514

.25514
.17058
.19595

.25514

.23748

.17058

.3
.21794
.36660

.39230

.19595

.35707

DEL Y 
DEL Y 
DEL Y

80Z
501
JOZ

.34846
.21814
.23150

.24116 
.16639 
.18832

.16115
.15053
.16269

.28125
.25081
.31200

.20811
.18645
.17607

.16472

.14775
.13256

.29762

.24220
.23236

.21291
.17011
.18582

.11950

.11372

.11249

2 1 AD 
2 1 AD 
2 t  AD

BOZ
50Z
J01

.24616

.49371
1.1826

.12173

.20152

.47469

.05984

.10758

.21340

.24756

.47808
1.1343

.09520

.18671

.44195

.05467

.09295
.20929

. 19701 

.31276 
.74243

.09264
.17932
.35637

.04681

.07922

.14370

DELY IN 
DELY IN 
DELY IN

BOZ
50Z
JOZ

.25514

.23748

.27129

.21794

.17058
.23748

.17058

.35707

.31288

.21794 

.21794 

.13999

.13999
.3

.28618

.23748

.27129

.23748

.09949

.21794

.21794

.19595

.23748

.23748

.23748

.28618
.3

RHO IOOZ .10196 .08665 .06532 .10591 .05895 .04814 .05875 .04185 .02742

RHO
RHO
RHO

BOZ
501
JOZ

.11807

.18683

.27038

.09801
.11741
.17464

.07723 
.10566 
.13494

.13988
.19637
.23294

.07824

.11976

.17391

.06084
.07674
.12761

.07037

.12468
.19383

.06342
.09176
.11683

.04532
.06424
.09014

RXYT
RXYT
RXYT

801
SOZ
JOZ

.14234
.19014
.24407

.11901
.16034
.19708

.09281

.14275
.17529

.15236
.22505
.24996

.08416
.15056
.21602

.06403
.10059
.18066

.06445

.12519

.20576

.05663
.08402
.10901

.03963

.06158
.09375

V RATIO
V RATIO
V RATIO

BOZ
SOZ
JOZ

.08612

.09425

.09729

.05805
.07192
.07764

.04245

.05064

.05223

.08513
.10895
.11018

.05128

.07334
.08310

.04576

.05048

.05570

.08136

.10068

.10034

.06137
.07637
.08044

.04450

.04865

.05504

X BAR IOOZ 
Y BAR IOOZ 

SI6NA I  IOOZ 
SI6NA Y IOOZ

.14434

.13627

.09536

.08319

.10155

.08547
.06126
.06713

.06540

.07335

.05025

.04678

.13952

.15902
.08967
.09710

.10595

.10487

.06814

.06398

.06543

.08333

.04405
.05093

.14277

.16298

.09032

.08866

.09022

.09308

.07279
.06789

.08080

.08738

.04596

.04240

-106-



MULTIPLE CUTOFF —  LINEAR HOMOSCEDASTIC
MEANS

COR*.3 COR*.5 COR*.7

N=50 N=100 N*200 N=50 N*100 N=200 N=50 N-100 N=200

BO IOOZ .02600 .01263 .00500 .00754 -.0050 .01189 .01570 .00399 .00794

2 1 AO 
2 1 AO 
2 1 AO

BOZ
SOZ
SOZ

.32777

.92152
2.1042

.23367
.64901
1.4096

.16177

.45282

.96580

.31821
.93426
2.2019

.22036

.64112
1.4001

.15539

.44821

.96007

.28170 

. 847B4 
1.9161

.19361

.58244
1.2863

.13357
.39511
.84711

BO IN
BO IN 
BO IN

801
SOZ
JOZ

.89
.89
.9

.87
.95
.99

.78
.86
.93

.96

.93

.97

.83
.9

.92

.83

.89
.9

.91

.92

.94

.9
.92
.95

.68

.84

.92

Bl IOOZ .31721 .29445 .29415 .49773 .50467 .50559 .70611 .71188 .70189

2 1 AI 
2 t AI 
2 1 AI

BOZ
50Z
JOZ

.50238
1.0S60
1.9019

.34223
.70526
1.2108

.23949

.49272

.82788

.47281

.99343
1.8296

.31846

.66380
1.1414

.22911

.47126

.78963

.41247

.87013
1.5497

.28596
.59796
1.0288

.19584

.40013

.66911

Bl IN
Bl IN 
Bl IN

80Z
50Z
JOZ

.92

.93
.9

.91

.98

.99

.9
.91
.96

.96

.93

.96

.91

.92
.95

.92

.97
.92

.95

.92
.97

.95

.95
.96

.84

.89

.94

SSE 104Z .86618 .91596 .90742 .72517 .74155 .74782 .51035 .51238 .50547

e
6
6

BOZ
50Z
JOZ

.37489

.81554
1.6456

.26760
.55959
.94346

.18803

.38351

.58990

.31528

.66661
1.3769

.21380
.44916
.72232

.15339

.30891

.47162

.21787

.47362

.97411

.14962

.31256

.50328

.10392

.21312

.33067

SS IN 
SS IN 
SS IN

BOZ
50Z
JOZ

.95
.95
.97

1
.97
.95

.95
.97
.98

.96

.96

.95

.94

.97

.96

.92
.98
.94

.98
.95
.98

.98
.95
.96

.96

.95

.94

DEL Y 
DEL V 
DEL Y

BOZ
SOZ
JOZ

.61769

.60024
.54983

.62139
.53720
.55935

.58146
.53048
.54634

.87712
.82291
.85478

.93405
.85670
.88000

.93078
.86371
.88274

1.2893
1.1572
1.1811

1.2909
1.1601
1.1744

1.2968
1.1616
1.1710

2 1 AD 
2 t  AD 
2 1 AD

BOZ
50Z
JOZ

1.6546
1.8629
3.0359

1.1679
1.2973
2.0096

.81364

.91050
1.3B43

1.5575
1.8346
3.1009

1.0932
1.2766
1.9972

.77523
.89527
1.3699

1.3690
1.6676
2.7044

.96425
1.1622
1.8318

.66668

.78977
1.2089

DELY IN 
DELY IN 
DELY IN

BOZ
50Z
JOZ

.89
.88
.9

.86
.95
.99

.78

.86

.93

.96

.93
.96

.83
.9

.92

.83

.89
.91

.91

.92

.94

.92
.92
.95

.66

.84

.92

RHO 1001 .32044 .29574 .29572 .49564 .50392 .50215 .69622 .70239 .70097

RHO
RHO
RHO

BOZ
SOZ
JOZ

.23918
.13896
.10900

.21891 
.18172 
.15795

.23351
.17921
.15865

.41115
.34140
.29529

.41076

.32115

.26421

.41210
.33595
.30801

.59093

.48107

.41240

.59785

.50121
.45425

.59311

.48764

.43481

RXYT
RXYT
RXYT

BOZ
50Z
JOZ

.28474
.27265
.42823

.25999
.27030
.30736

.27726 

.26722 

. 292°4

.48141

.48355

.52832

.48044

.45023

.43720

.48627

.48209

.50406

.67661

.64748

.62726

.68411

.67661

.68641

.67893

.66072

.66517

V RATIO
V RATIO
V RATIO

BOZ
50Z
JOZ

.67440

.44022

.29883

.68964
.45933
.33759

.68828
.45119
.31977

.66187
.42496
.28323

.67162
.43358
.30231

.65728

.41297
.28866

.62833

.39309
.27026

.62892

.38750
.26766

.63303

.39741
.28114

X BAR IOOZ 
Y BAR IOOZ 

SI6NA X IOOZ 
SIGNA Y IOOZ

-.01JJ
.02347
.98446
.96574

-.0032
.01303
1.0025
.99452

-.0047
.00330
1.0007
.99419

.01391
.01291
.97663
.97074

.00346
-.0029
.99261
.99004

.00168
.01214
.99279
.99712

.01859

.02959

.97756

.98608

.00290

.00612

.99177
1.0029

.00050

.00847

.99394

.99406

-107-



MULTIPLE CUTOFF —  LINEAR HOMOSCEDASTIC
STANDARD DEVIATIONS

COR=.3 C0R=.5 C0R=.7

BO IOOZ

N*50

.1274?

H -1 0 0
S S S S S

.08346

N*200

.06944

N=50

.12824

19=100

.08513

19=200
S S S S S

.06471

49=50

.09053

N*JOO
S S S S S

.06646

N=200
S S S S S

.05240

2 t  AO 
2 1 AO 
2 t AO

80Z
SOZ
JOZ

.07618 

.23923 

.67516

.0J949

.11712

.31931

.01704 

.04796 

.12798

.07534
.25578
.80868

.03810

.11709

.30829

.01667

.05164

.13964

.06524

.18341

.58208

.02792

.09473

.30082

.01704

.04740

.12075

BO IN 
BO IN 
BO IN

BOZ
SOZ
JOZ

.31288

.31288
.3

.33630
.21794
.09949

.41424

.34698

.25514

.19595
.25514
.17058

.37563
.J

.27129

.37563
.31288

.3

.28618
.27129
.23748

.3
.27129
.21794

.46647

.36660

.27129

Bl IOOZ .10831 .09091 .07073 . 1407J .08103 .06710 .11131 .07186 .04751

2 t  AI 
2 1 AI 
2 1 AI

BOZ
SOZ
JOZ

.11094

.25903
.65129

.04879

.11545
.26728

.02675

.06098
.12055

.10822
.26788
.66499

.04391
.11082
.26444

.02497

.06061
.12624

.07764

.19062
.50168

.04114

.11822
.26821

.02035

.04739

.09838

Bl IN 
Bl IN 
Bl IN

BOZ
SOZ
JOZ

.27129

.25514
.3

.28618 

.13999 

.09949

.3 
.28618 
. 19595

.19595

.25514

.19595

.28618

.27129

.21794

.27129

.17058

.2712?

.21794
.27129
.17058

.21794 
.21794 
. 1°595

.36660

.31288

.23748

SSE IOOZ .15026 .12290 .08655 .15489 .09386 .07588 .10227 .06161 .04595

6
6
6

soz
soz
JOZ

.07724
.22256
.62429

.04183
.10888
.23566

.01975

.04527
.09659

.07793
.20132
.55830

.03041

.08392

.18337

.01653

.04334
.09234

.04720

.12171
.37999

.02104

.06036
.13122

.01062

.02793
.05862

SS IN 
SS IN 
SS IN

80Z
50Z
JOZ

.21794
.21794
.17058

0
.17058
.21794

.21794

.17058

.13999

.19595
.19595
.21794

.23748

.17058

.19595

.27129

.13999

.23748

.13999

.21794

.13999

.13999
.21794
.19595

.19595

.21794

.23748

DEL Y 
DEL Y 
DEL Y

BOZ
50Z
JOZ

.33657

.24002

.24311

.22015
.18171
.18900

.18408

.15302

.16206

.27298
.25224
.28489

.22880

.17433

.17652

.16412
.14483
.13974

.26119

.22846

.23910

.23660
.16642
.18304

.12328

.10265

.11628

2 1 AD 
2 t  AD 
2 1 AD

BOZ
50Z
JOZ

.24356

.38970

.91501

.10955
.17001
.37672

.0516?
.08302
.16441

.22565
.40842
1.0725

.09656

.18133

.40963

.04898

.08734

.18801

.17121

.30071

.79769

.08316

.16913

.40312

.04404

.07849

.15634

DELY IN 
DELY IN 
DELY IN

BOZ
50Z
JOZ

.31288

.32496
.3

.34698

.21794

.09949

.41424

.34698

.25514

.19595

.25514

.19595

.37563
.3

.27129

.37563

.31288

.28618

.28618

.27129

.23748

.27129
.27129
.21794

.47370

.36660

.27129

RHO IOOZ .10231 .088«9 .06994 .12360 .06634 .05374 .07630 .05281 .03305

RHO
RHO
RHO

80Z
50Z
JOZ

.11414

.18270

.30441

.10268
.11878
.16005

.07696

.10175

.12407

.14789
.19054
.25466

.08651

.12777

.17727

.06556

.07858

.11414

.09634

.14648

.21686

.07181 

. 10436 

.14329

.04824

.07043

.10053

RXYT
RIYT
RIYT

BOZ
50Z
JOZ

.13167

.18143

.24352

.11787

.14623
.17763

.08872
.12665
.16101

.16009
.21946
.24258

.09380

.15618

.22791

.06947

.09766

.16263

.09800
.16139
.23615

.06619
.09849
.14870

.04584

.07013

.10747

V RATIO
V RATIO
V RATIO

BOZ
50Z
JOZ

.09267

.11424

.11724

.06370
.08563
.09583

.04618
.06207
.06477

.09207
.12791
.12416

.06321

.08485

.09283

.05403

.05696

.06213

.09214

.11203

.10995

.06556
.07966
.08409

.04905

.05219

.05651

I BAR 1001 
Y BAR IOOZ 

SIGMA I  IOOZ 
SI6NA Y IOOZ

.14434

.13251

.09536

.08270

.10155
.08456
.06126
.06515

.06540

.07156

.05025

.04633

.13952
.15117
.08967
.09705

.10595

.10085

.06814

.06446

.06543
.08005
.04405
.04962

.14277

.14953

.09032

.09634

.09022

.08623

.07279
.0757'’

.08080

.08091

.04596

.04630
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MULTIPLE CUTOFF —  NONLINEAR HOMOSCEDASTIC
MEANS

C0R=.3 COR*.5 C0R=.7

BO IOOZ

N*50
2X33

.02906

N*100
33322

.01088

N=200

.00431

N*50
sxss

.00781

N=100

-*0072

N=200
sssss

.01236

14=50

.01620

N*100

.0037i

14=200

.00645

2 1 AO 
2 I AO 
2 t  AO

BOZ
SOZ
JOZ

.JJ022 

.925J2 
2.I1J0

.2J478
.65301
1.4193

.16248

.45430

.96851

.31975
.93926
2.2103

.22189

.64538
1.4032

.15596
.44975
.96247

.28403

.85391
1.9254

.19461

.58452
1.2919

.13466

.39756

.85282

BO IN 
BO IN 
BO IN

BOZ
50Z
JOZ

.8«>

.83
.8 8

.91
.9

.92

.81

.72

.82

.95
.88
.94

.84
.81
.8

.86
.7

.76

.92

.88
.87

.9
.81
.81

.65
.49
.61

Bl IOOZ .J2S8S .29910 .29957 .51029 .51199 .51326 .71876 .72062 .70724

2 1 AI 
2 I AI 
2 t  AI

BOZ
SOZ
JOZ

.50540
1.0592
1.9069

.34374
.70924
1.2186

.24053

.49436

.83023

.47491
.99815
1.8366

.32043

.66775
1.1437

.22989

.47274
.79153

.41541

.87522
1.5560

.28738
.59994
1.0329

.19738

.40253

.67355

Bl IN 
Bl IN 
Bl IN

BOZ
50Z
JOZ

.95
.92
.91

,9J
.96
.95

.9
.85
.91

.95
.9

.96

.95
.88
.84

.94

.92

.82

.96
.9
.9

.93
.88
.85

.89

.64

.65

SSE IOOZ .87771 .92829 .91826 .73496 .75471 .75966 .52290 .52220 .51956

6
6
6

BOZ
50Z
JOZ

.JBOJJ 

.82296 
1.6641

.27011

.56623
.95655

.18970
.38625
.59367

.31825
.67394
1.3889

.21676
.45524
.72637

.15448
.31097
.47416

.22143

.48005

.98244

.15127
.31535
.50919

.10559

.21580

.33536

SS IN 
SS IN 
SS IN

801
SOZ
JOZ

.98
.95
.96

.97
.99
.96

.95

.98

.98

.98
.95
.95

.96

.98

.96

.9
.99
.93

.97

.96

.99

.93
.94
.93

.96

.96

.95

DEL Y 
DEL Y 
DEL Y

80Z
50Z
JOZ

.60686

.65271
.60974

.61348

.58919
.61374

.57364

.58683
.60586

.88717

.88816
.91451

.94459

.92230

.93817

.93909

.93185

.94467

1.3160
1.2312
1.2404

1.3100
1.2342
1.2348

1.3173
1.2363
1.2313

2 1 AD 
2 t  AD 
2 t  AD

BOZ
SOZ
JOZ

1.6659
1.8694
J.0464

1.1732
1.J050
2.0231

.81727

.91361
1.3884

1.5648
1.8439
3.1122

1.1005
1.2848
2.0014

.77798

.89824
1.3733

1.3795
1.6783
2.7169

.96931
1.1665
1.8396

.67199

.79460
1.2171

DELY IN 
DELY IN 
DELY IN

80Z
50Z
JOZ

.88

.83

.88

.9

.9

.9

.82
.73
.81

.94

.89

.94

.86

.81
.77

.86
.7

.76

.91 
.88 
. B7

.9
.82
.81

.64

.48
. 0

RHO 1001 .32454 .29724 .29861 .50157 .50528 .50435 .69857 .70363 .69879

RHO
RHO
RHO

80Z
50Z
JOZ

.26596

.12791

.05058

.23B56 

.15200 

.07475

.25531
.15208
.07463

.42967
.31260
.20598

.42567
.28421
.16338

.43168

.30431

.21570

.60532

.44961

.32207

.61138
.46701
.36005

.60267

.44395

.32289

RXYT
RXYT
RXYT

BOZ
50Z
JOZ

. J1695 

.26681 

.41929

.28276

.23584

.23695

.30274

.23434

.20498

.50194

.45633

.46352

.49654

.40389

.35716

.50750

.44233

.38233

.69052

.61472

.53432

.69704
.64186
.57760

.68790

.61469

.52973

V RATIO
V RATIO
V RATIO

SOZ
50Z
JOZ

.67440

.44022

.29883

.68964
.45933
.33759

.68828

.45119

.31977

.66187
.42496
.28323

.67162

.43358

.30231

.65728

.41297

.28866

.62833

.39309

.27026

.62892
.38750
.26766

.63303

.39741

.28114

X BAR 1001 
Y BAR IOOZ 

SIGHA X IOOZ 
SI6HA Y IOOZ

-.0133
.02590
.98446
.97412

-.0032
.01154
1.0025
1.0018

-.0047
.00261
1.0007
1.0008

.01391
.01301
.97663
.98051

.00346
-.0053
.99261
.99943

.00168

.01262

.99279
1.0066

.01859
.02987
.97756
.99866

.00290
.00640
.99177
1.0121

.00050

.00720

.99394
1.0043
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MULTIPLE CUTOFF —  NONLINEAR HOMOSCEDASTIC
STANDARD DEVIATIONS

COR*.3 COR*.5 COR*.7

BO 1001

N=50

.12849

N=100

.08262

N*200

.07003

N=50

.12782

N=100
S S S S S

.08538

N=200

.06519

N*50

.09194

14=100
S S S S S

.06899

N=200

.05295

:  t  ao
2 1 AO 
2 1 AO

BOZ
50Z
30Z

.07670

.24047

.67981

.03986
.11825
.32283

.01685

.04633

.12617

.07540
.25726
.81354

.03880

.11729

.30385

.01669

.05149
.13864

.06703
.18809
.58382

.02816
.09412
.30025

.01725

.04696
.11827

BO IN 
BO IN 
BO IN

80Z
SOZ
30Z

.31288
.37563
.32496

.28618
.3

.27129

.39230

.44899

.38418

.21794

.32496

.23748

.36660

.39230

.39999

.34698

.45825

.42708

.27129

.32496

.33630

.3
.39230
.39230

.47696

.49989

.48774

Bl IOOZ .11831 .09573 .07187 .14375 .08868 .07255 .11524 .07527 .05122

2 1 AI 
2 t  AI 
2 t  AI

80Z
50Z
30Z

.10930

.25647

.64876

.04845
.11424
.26692

.02641

.05995

.11956

.10766
.26745
.66750

.04332

.10825

.26065

.02448
.05932
.12502

.07827
.19035
.49941

.04090

.11667

.26660

.02014

.04643

.09617

Bl IN 
Bl IN 
Bl IN

BOZ
SOZ
30Z

.21794

.27129

.28618

.25514
.19595
.21794

.3
.35707
.28618

.21794
.3

.19595

.21794

.32496

.36660

.23746

.27129

.38418

.19595
.3
.3

.25514

.32496
.35707

.31288
.48

.47696

SSE IOOZ .15360 .12610 .08747 .15515 .09782 .07652 .10522 .06423 .04928

6
5
6

BOZ
SOZ
30Z

.07791

.22870

.64580

.04229
.10933
.24237

.01946

.04497

.09814

.07782

.20388

.56661

.03196
.08493
.18259

.01634

.04252

.09256

.04952

.12480

.37717

.02198

.06319

.13905

.01072

.02778

.05813

SS IN 
SS IN 
SS IN

80Z
50Z
30Z

.13999

.21794

.19595

.17058
.09949
.19595

.21794
.13999
.13999

.13999
.21794
.21794

.19595

.13999

.19595

.3
.09949
.25514

.17058
.19595
.09949

.25514
.23748
.25514

.19595

.19595

.21794

DEL Y 
DEL Y 
DEL Y

BOZ
SOZ
30Z

.34023

.23882

.24560

.22794
.18362
.18899

.18881

.15497

.16315

.27069
.25199
.28552

.22727

.17375

.174B5

.16691 

.14689 

.14031

.25783

.22294

.22827

.22067

.15744
.17415

.12245

.10195

.11491

2 1 AD 
2 1 AD 
2 1 AD

BOZ
SOZ
30Z

.24073

.38802

.91559

.10892
.16944
.37873

.05065 

.08095 

.16357

.22453
.40953
1.0775

.09795

.17893

.40225

.04782
.08577
.18654

.17746

.30435

.79697

.08440

.16785

.40125

.04367

.07682

.15286

DELY IN 
DELY IN 
DELY IN

80Z
50Z
30Z

.32496

.37563

.32496
’.3

TJ

.38418

.44395

.39230

.23748
.31288
.23748

.34698

.39230

.42083

.34698

.45825

.42708

.28618

.32496

.33630
.38418
.39230

.48
.49959
.48989

RHO IOOZ .10733 .09060 .06791 .11962 .06554 .05417 .07072 .04806 .03235

RHO
RHO
RHO

80Z
50Z
30Z

.10844
.18410
.30291

.10125

.11788

.16200

.07504

.10370

.12916

.14518
.19355
.27056

.08480 

.13293 

.19439

.06458

.08157

.13616

.08998

.14671

.23224

.06654
.10541
.15257

.04880

.07604

.11405

RXYT
RXYT
RXYT

BOZ
SOZ
30Z

.12607

.18462

.23607

.11766
.14441
.17117

.08674

.12753
.15242

.15557

.21726
.24383

.09232

.17104

.21179

.06873

.10843

.19203

.09019

.16929

.26589

.06242

.11134
.19722

.04706

.08543

.15912

V RATIO
V RATIO
V RATIO

BOZ
SOZ
30Z

.09267

.11424

.11724

.06370
.08563
.09583

.04618
.06207
.06477

.09207
.12791
.12416

.06321

.08485

.09283

.05403

.05696

.06213

.09214

.11203

.10995

.06556

.07966

.08409

.04905

.05219

.05651

X BAR IOOZ 
Y BAR IOOZ 

SI6HA X IOOZ 
SI6NA Y IOOZ

.14434

.13451

.09536

.08268

.10155
.08400
.06126
.06636

.06540
.07229
.05025
.04656

.13952
.15241
.08967
.09615

.10595
.10080
.06814
.06385

.06543

.08023

.04405

.05069

.14277

.15175

.09032

.09294

.09022
.08705
.07279
.06959

.08080

.08156

.04596

.04396
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MULTIPLE CUTOFF —  LINEAR HETER08CEDA8TZC
MEANS

C0R-.3 CORO COR*.7

BO 100Z

N=50

.02643*

N=100

.01284

14=200

.00529

N=50

.00717

N=IOO
sssrz

-.0044

N=200

.01191

N*50

.01734

N=100
S S S S S

.00575

N*200

.01084

2 1 AO 
2 t  AO 
2 1 AO

BOX
50Z
301

.32808

.92261
2.0901

.23393
.64975
1.4008

.16198

.45350

.95914

.32066

.93442
2.1348

.22155

.64039
1.3564

.15635

.44885

.93195

.28730

.83283
1.7103

.19853
.58013
1.1475

.13655

.39360

.76320

BO IN 
BO IN 
BO IN

BOX
501
301

.87

.89

.89

.84
.95
.98

.77

.86
.95

.95

.92
.96

.82
.92
.94

.79

.93

.94

.92
.94
.95

.89
.96
.96

.64

.91

.94

B1 100X .36116 .33893 .33854 .56990 .57791 .57812 .80759 .81182 .80437

2 t  A1 
2 1 A1 
2 t  A1

801
501
30Z

.50297
1.0576
1.8904

.34264

.70624
1.2037

.23984

.49352
.82232

.47679
.99567
1.7774

.32032

.66368
1.1071

.23063

.47222

.76692

.42202

.86018
1.3948

.29355
.59707
.92068

.20037

.39926

.60382

BI IN 
B1 IN 
BI IN

80Z
501
30Z

.92

.93
.91

.91
.98
.98

.87
.92
.95

.97
.95
.96

.9
.96
.94

.91

.97
.94

.95
.96
.96

.95
.96
.95

.73

.94

.96

SSE 1001 .86418 .91367 .90564 .72368 .73721 .74425 .50447 .50833 .49987

6
6
6

801
501
301

.37559
.81804
1.6249

.26821

.56113

.93281

.18855 

.38475 

.58208

.32027
.66942
1.3013

.21615

.44913

.68009

.15532

.31005

.44495

.22724

.46623

.79793

.15739

.31175
.40452

.10870

.21249

.26976

SS IN 
SS IN 
SS IN

801
50Z
301

.95
.95
.97

1
.97
.95

.96
.97
.98

.96
.94
.95

.98

.95

.93

.94

.99

.86

.98

.96

.98

.96

.94

.84

.89

.89

.76

DEL V 
DEL Y 
DEL Y

801
501
301

.68860
.64691
.59873

.69180
.58403
.60859

.65215

.57740

.59603

1.0003
.90311
.94730

1.0589
.94035
.97526

1.0567
.94393
.97296

1.4664
1.2761
1.3207

1.4748
1.2762
1.3133

1.4835
1.2802
1.3096

2 t  AD 
2 1 AD 
2 1 AD

801
501
301

1.6561
1.8655
3.0165

1.1692
1.2990
1.9974

.81476

.91193
1.3749

1.5695
1.8373
3.0098

1.0992
1.2761
1.9365

.78014

.89685
1.3301

1.3989
1.6467
2.4278

.98893
1.1594
1.6369

.68185

.78804
1.0906

DELY IN 
DELY IN 
DELY IN

801
501
301

.88

.88
. 9

.84
.95
.98

.77

.86
.95

.94
.94
.97

.62

.92

.94

.79

.93

.93

.91

.94

.95

.9
.96
.96

.63

.91

.94

RHO 100Z .36034 .33621 .33592 .54889 .55712 .55442 .74567 .74915 .74984

RHO
RHO
RHO

801
501
301

.26856

.17299

.15357

.24893

.21760

.20517

.26250
.21439
.20634

.45044
.39812
.37651

.45299

.38207

.35194

.45072

.39234

.38995

.63159

.56387

.55275

.63291
.57586
.59045

.63166

.56750

.57827

RXYT
RXYT
RXYT

801
501
301

.31878

.29945

.43713

.29431
.31308
.35471

.31070

.31050

.35292

.52284
.54214
.59079

.52572
.52538
.54920

.52782

.55010

.60975

.71556

.72851

.75904

.71699
.74665
.81317

.71518

.73647

.79819

V RATIO
V RATIO
V RATIO

801
501
301

.67440

.44022

.29883

.68964
.45933
.33759

.68828

.45119

.31977

.66187
.42496
.28323

.67162

.43358

.30231

.65728

.41297

.28866

.62833

.39309

.27026

.62892
.38750
.26766

.63303

.39741

.28114

X BAR 
Y BAR

SIBHA X 
SIGNA Y

1001
100Z
1001
1001

-.0133
.02314
.98446
.97956

-.0032
.01309
1.0025
1.0075

-.0047
.00339
1.0007
1.0074

.01391
.01355
.97663
1.0066

.00346
-.0020
.99261
1.0267

.00168

.01234

.99279
1.0334

.01859

.03310

.97756
1.0554

.00290
.00806
.99177
1.0735

.00050

.01140

.99394
1.0655



MULTIPLE CUTOFF —  LINEAR HETEROSCEDASTIC
8TANDARD DEVIATIONS

COR*.3 COR*.5 COR*.7

BO 1001

N*50

.12761

N*100

.08378

14=200
sssrs

.06975

N*50

.12906

N*100
S S 8 S 8

.08537

N*200

.06489

N*50

.09148

N*100
3 S S S S

.06538

N*200

.05169

2 1 AO 801 
2 t  AO SOX 
2 t  AO 30X

.07632 

.23804 

.66559

.03954
.11649
.31380

.01705
.04762
.12538

.07628
.24784
.76578

. 03B44 
.11259 
.29027

.01668
.05024
.13142

.06478

.15315
.47029

.02867

.08763
.24972

.01708

.04166

.09772

BO IN 801 
80 IN SOX 
BO IN 30X

.33630 
.31288 
.31288

.36660
.21794
.13999

.42083
.34698
.21794

.21794

.27129

.19595

.38418
.27129
.23748

.40730
.25514
.23748

.27129

.23748

.21794

.31288
.19595
.19595

.48
.28618
.23748

BI 100X .10631 .08960 .06973 .13278 .07696 .06342 .09457 .06189 .04010

2 1 At 801 
2 1 Ai 50X 
2 t  Al 30X

.11164
.25919
.64573

.04907
.11580
.26428

.02699
.06125
.11943

.11113
.26803
.63981

.04540
.11035
.25662

.02586
.06166
.12236

.08408

.19009

.46187

.04466
.12098
.24080

.02171

.04756

.08762

BI IN BOX 
81 IN 50X 
BI IN 30X

.27129
.25514
.28618

.28618
.13999
.13999

.33630
.27129
.21794

.17058
.21794
.19595

.3
.19595
.23740

.28618 
.17058 
.23748

.21794

.19595
.19595

.21794
.19595
.21794

.44395

.23748

.19595

SSE I00X .15027 .12294 .08617 .15741 .09471 .07643 .10188 .06734 .04694

G SOX 
6 50X 
6 I0X

.07748

.22292

.61284

.04207 
.10952 
.23326

.01991
.04564
.09535

.08029
.20114
.52848

.03133

.08427

.17477

.01681
.04395
.08735

.04880
.13256
.33960

.02302
.06338
.11138

.01136
.03039
.04984

SS IN SOX 
SS IN SOX
SS IN 30X

.21794
.21794
.17058

0
.17058
.21794

.19595
.17058
.13999

.19595
.23748
.21794

.13999
.21794
.25514

.23748
.09949
.34698

.13999
.19595
.13999

.19595
.23748
.36660

.31288

.31288

.42708

DEL Y SOX 
DEL V 50X 
DEL Y 30X

.33749

.24264
.24392

.21880

.18138

.18949

.18370

.15394

.16197

.27493
.25240
.28140

.22810 

.18036 

.18218

.16180
.14654
.14210

.25688

.23675
.24495

.23617
.17700
.19175

.11887

.10795
.12142

2 I  AD BOX 
2 1 AD SOX 
2 t  AD 30X

.24344
.38884
.90375

.11023

.16971

.37057

.05214
.08298
.16163

.22901
.39998
1.0232

.09911
.17768
.39250

.04999
.08707
.17865

.17797
.28380
.69939

.08885
.16739
.34689

.04646
.07890
.13547

DELY IN BOX 
DELY IN 50X 
DELY IN 30X

.32496
.32496

T
.  J

.36660
.21794
.13999

.42083 
. 3469B 
.21794

.23748
.23748
.17058

.38418
.27129
.23748

.40730

.25514
.25514

.28618
.23748
.21794

.3
.19595
.19595

.48280
.28618
.23748

RHO IOOX .09838 .08587 .06779 .11069 .06141 .04899 .06420 .04807 .02872

RHO SOX 
RHO 50X 
RHO 30X

.11171
.17870
.29827

.10069 
.11706 
.15781

.07546
.10008
.12104

.13619
.17525
.23481

.08239

.12022
.16337

.06274

.07542

.10372

.08285 
.12876 
.18870

.06898
.09497
.11826

.04499

.06184

.07947

RXYT 80X 
RXYT 50X 
RXYT 30X

.12690

.18433
.24822

.11526
.15055
.18788

.08600
.12986
.16640

.14672
.21006
.24981

.08696

.13730
.19134

.06428
.08661
.12748

.08029
.12555
.18318

.06116
.07762
.08118

.04003

.05432
.05963

V RATIO SOX
V RATIO 50X
V RATIO 30X

.09267
.11424
.11724

.06370
.08563
.09583

.04618
.06207
.06477

.09207
.12791
.12416

.06321
.08485
.09283

.05403

.05696

.06213

.09214

.11203

.10995

.06556
.07966
.08409

.04905
.05219
.05651

X BAR IOOX 
Y BAR IOOX 

SI6NA X IOOX 
SIGNA Y IOOX

.14434
.13455
.09536
.08358

.10155
.08610
.06126
.06598

.06540

.07276

.05025

.04685

.13952
.15803
.08967
.09893

.10595
.10511
.06814
.06557

.06543
.08334
.04405
.04984

.14277
.16109
.09032
.09486

.09022
.09286
.07279
.07616

.08080
.08704
.04596
.04571



MULTIPLE CUTOFF —  NONLINEAR HETER0SCEDA8TIC
MEANS

COR=.3 COR*.5 COR*.7

N=50 N*100 N-200 N=50 N’ lOO N*200 N=50 N=100 N=200

BO 1001 .02949 .01110 .00461 .00744 -.0065 .01237 .01783 .00554 .00935

2 1 AO 801 .33004 .23466 .16244 .32114 .22230 .15643 .28770 .19831 .13663
2 1 AO 501 .92534 .65289 .45438 .93747 .64330 .44945 .83604 .58033 .39426
2 t  AO 301 2.0987 1.4106 .96192 2.1440 1.3603 .93486 1.7205 1.1552 .77036

BO IN 801 .89 .9  .8  .95 .82 .83 .91 .9  .58
BO IN 501 .84 .93 .75 .9  .82 .79 .89 .89 .68
80 IN 301 .88 .93 .83 .95 .85 .83 .85 .9  .84

BI 1001 .36981 .34358 .34396 .58241 .58522 .58579 .82024 .82056 .80973

2 I  A1 801 .50528 .34360 .24050 .47741 .32122 .23070 .42234 .29322 .20046
2 I  At 501 1.0596 .70929 .49452 .99834 .66623 .47271 .86236 .59711 .39985
2 t  A1 301 1.8951 1.2114 .82470 1.7B50 1.1099 .76921 1.4016 .92638 .60936

BI IN 801 .95 .93 .92 .95 .95 .95 .98 .97 .8
BI IN 501 .92 .96 .B4 .92 .9  .92 .92 .91 .74
BI IN 301 .91 .95  .95 .94 .87 .B7 .92 .92 .85

SSE 1001 .87249 .92257 .91311 .72807 .74477 .75050 .50971 .51097 .50570

6 801 .37990 .26984 .18962 .32116 .21762 .15545 .22792 .15716 .10882
6 501 .82343 .56623 .38646 .67351 .45314 .31077 .46866 .31236 .21319
6 301 1.6428 .94573 .58589 1.3137 .68474 .44789 .80524 .41142 .27504

SS IN 801 .97 .98  .96 .99 .98 .94 .98 .94 .92
SS IN 501 .95 .98 .98 .95 .98 .99 .96 .93 .91
SS IN 301 .97 .96  .98 .96 .94 .86 .98 .83 .77

DEL 7 801 .67776 .68388 .64433 1.0103 1.0694 1.0650 1.4931 1.4939 1.5040
DEL Y 501 .69938 .63602 .63375 .96836 1.0059 1.0120 1.3501 1.3503 1.3549
DEL Y 301 .65863 .66297 .65555 1.0070 1.0334 1.0348 1.3800 1.3737 1.3699

2 I  AD 801 1.6650 1.1727 .81709 1.5717 1.1027 .78047 1.4004 .98798 .68220
2 I  AD 501 1.8699 1.3049 .91384 I.B426 1.2815 .89793 1.6515 1.1598 .78925
2 t  AD 301 3.0267 2.0109 1.3791 3.0221 1.9417 1.3343 2.4412 1.6476 1.1008

DELY IN 801 .89 .9  .81 .95 .83 .B4 .91 .9  .58
DELY IN 501 .83 .93 .75 .91 .82 .79 .89 .89 .68
DELY IN 301 .88 .93 .83 .95 .85 .84 .86 .91 .84

RHO 1001 .36458 .33795 .33906 .55546 .55946 .55748 .74970 .75231 .75019

RHO 801 .29496 .26842 .28408 .46890 .46797 .47008 .64652 .64725 .64260
RHO 501 .16225 .18860 .18798 .37207 .34802 .36344 .53912 .54875 .53225
RHO 301 .09548 .12291 .12327 .29066 .25459 .30175 .47383 .51022 .48156

RXYT 801 .35023 .31707 .33569 .54264 .54157 .54836 .72953 .73032 .72519
RXYT 501 .29165 .27846 .27758 .51389 .48450 .51642 .70729 .72288 .70444
RXYT 301 .41669 .26869 .25187 .52578 .44014 .49763 .68367 .74611 .71361

V RATIO 801 .67440 .68964 .68828 .66187 .67162 .65728 .62833 .62892 .63303
V RATIO 501 .44022 .45933 .45119 .42496 .43358 .41297 .39309 .38750 .39741
V RATIO 301 .29883 .33759 .31977 .28323 .30231 .28866 .27026 .26766 .28114

* BAR 1001 -.0133 -.0032  -.0047  .01391 .00346 .00168 .01859 .00290 .00050
Y BAR 1001 .02558 .01159 .00270 .01366 -.0044 .01282 .03338 .00834 .01013

5I6HA I  1001 .98446 1.0025 1.0007 .97663 .99261 .99279 .97756 .99177 .99394
S16HA Y 1001 .98638 1.0131 1.0125 1.0141 1.0334 1.0404 1.0647 1.0793 1.0716
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MULTIPLE CUTOFF —  NONLINEAR HETEROSCEDASTIC
STANDARD DEVIATIONS

C0R=.3 COR3. 5 COR*.7

bo to o :

N=50

.12834

N=100
s s s s s

.08277

N-200

.07021

N=50

.12813

N'100
S S S S S

.08540

N3200

.06517

Ns50

.09225

N’ lOO
S S S S S

.06739

N=200
S S S S S

.05174

2 t  AO 
2 I  AO
2 t  AO

801
501
301

.07673
.23918
.67054

.03984
.11763
.31733

.01682

.04602

.12371

.07603
.24913
.77060

.03885
.11272
.28582

.01661
.05011
.13046

.06569

.15718

.47152

.02864
.08721
.24935

.01714

.04161

.09508

BO IN 
BO IN 
BO IN

801
501
301

.31288

.36660
.32496

.3
.25514
.25514

.39999
.43301
.37563

.21794
.3

.21794

.38418
.38418
.35707

.37563

.40730
.37563

.28618
.31288
.35707

.3
.31288

.3

.49355

.46647
.36660

BI 1001 .11575 .09400 .07056 .13505 .08376 .06837 .09731 .06343 .04367

2 1 A1 
2 t  A1 
2 1 A1

801
501
301

.10999
.25668
.64311

.04875
.11462
.26373

.02667

.06027

.11842

.11060 
.26757 
.64178

.04477
.10771
.25258

.02540
.06042
.12098

.08452

.18891

.45870

.04449
.11962
.23893

.02155 
.04689 
.08520

BI IN 
BI IN 
Bi IN

801
501
301

.21794
.27129
.28618

.25514
.19595
.21794

.27129

.36660

.21794

.21794
.27129
.23748

.21794
.3

.33630

.21794
.27129
.33630

.13999

.27129

.27129

.17058
.28618
.27129

.39999

.43863
.35707

SSE 1001 .15266 .12560 .08661 .15656 .09697 .07632 .10460 .06772 .04920

6
6
6

801
501
301

.07783
.22818
.63441

.04239
.10954
.23958

101954
.04517
.09701

.07975
.20178
.53576

.03232
.08433
.17406

.01650
.04285
.08759

.05031

.13160
.33424

.02353
.06520
.11903

.01137

.03014

.04978

SS IN 
SS IN 
SS IN

801
501
301

.17058
.21794
.17058

.13999
.13999
.19595

.19595
.13999
.13999

.09949
.21794
.19595

.13999
.13999
.23748

.23748
.09949
.34698

.13999
.19595
.13999

.23748
.25514
.37563

.27129
.28618
.42083

DEL Y 
OEL Y 
DEL Y

801
501
301

.33911

.24048

.24504

.22542
.18278
.18873

.18766
.15554
.16254

.27033
.25118
.28031

.22429

.17904

.17875

.16319
.14815
.14155

.24758

.22976
.23047

.21528
.16643
.18054

.11431

.10690
.11867

2 I  AD 
2 t  AD 
2 I  AD

801
501
301

.24037
.38704
.90454

.10956

.16913

.37241

.0510)
.08094
.16089

.22752
.40066
1.0276

.09979

.17487

.38486

.04873

.08549
.17710

.18226
.28438
.69715

.08971
.16614
.34482

.04620

.07781

.13174

DELY IN 
DELY IN 
DELY IN

801
501
301

.31288
.37563
.32496

.3
.25514
.25514

.39230
.43301
.37563

.21794
.28618
.21794

.37563
.38418
.35707

.36660
.40730
.36660

.28618
.31288
.34698

.3
.31288
.28618

.49355
.46647
.36660

RHO 1001 .10196 .08665 .06532 .10591 .05895 .04814 .05875 .04185 .02742

RHO
RHO
RHO

801
501
301

.10464

.17865

.29788

.09850
.11494
.15930

.07280
.10106
.12599

.13257
.17533
.25316

.07889
.12217
.18203

.06030
.07479
.12457

.07546
.12279
.20056

.06149
.09027
.12202

.04363
.06108
.08874

RXYT
RXYT
RXYT

801
501
301

.11989

.18706

.24534

.11333
.14781
.18189

.08324 
.13043 
.15985

.14247
.21470
.24183

.08352
.14984
.22092

.06198
.09305
.17306

.07214

.12605
.22338

.05480
.08170
.11414

.03929

.06079

.09433

V RATIO
V RATIO
V RATIO

801
501
301

.09267
.11424
.11724

.06370
.08563
.09583

.04618

.06207
.06477

.09207
.12791
.12416

.06321
.08485
.09283

.05403

.05696

.06213

.09214

.11203

.10995

.06556
.07966
.08409

.04905

.05219
.05651

I  BAR 1001 
Y BAR 1001 

SIGHA X 1001 
SIGNA Y 1001

.14434
.13627
.09536
.08319

.10155
.08547
.06126
.06713

.06540
.07335
.05025
.04678

.13952
.15902
.08967
.09710

.10595
.10487
.06814
.06398

.06543
.08333
.04405
.05093

.14277

.16298

.09032

.08866

.09022
.09308
.07279
.06789

.08080
.08738
.04596
.04240
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COMPENSATORY SELECTION — LINEAR HOMOSCEDASTIC 
MEANS

COR*.3 COR*.5 COR*.7

SO 100 X

N*50

.02600

N*100
sssss

.01263

N*200

.00500

N*50
n : t

.00754

N* 100
SSSSS

-.0050

N*200
SSSSS

.01189

N*50

.01*570

N*100

.00399

N*200

.00794

2 1 AO 
2 t AO 
2 t AO

80X
501
301

.32421
.B4225
1.6238

.23635
.59326
1.097®

.16243
.41401
.75789

.32160
.84847
1.7010

.21913
.57405
1.1272

.15358
.40870
.76145

.27825
.76417
1.5891

.19069

.52917
1.0680

.13185

.36200

.70004

BO IN 
BO IN 
BO IN

BOX
50X
30X

.82
.B5
.84

.8

.77
.85

.57
.58
.65

.86
.87
.86

.7
.64
.63

.6
.52
.56

.85
.8

.87

.65
.69
.79

.42
.39
.51

BI IOOX .31721 .29445 .29415 .49778 .50467 .50559 .70611 .71188 .70189

2 1 A1 
2 I A1 
2 1 A1

BOX
50X
30X

.45280

.88017
1.4221

.31978 
.59719 
.92052

.21875
.41559
.63209

.45227

.86499
1.4181

.30100

.57324

.91535

.21537
.41388
.62793

.39764
.77926
1.3052

.27553
.53751
.86784

.18888

.36224

.55972

BI IN 
BI IN 
BI IN

801
50X
301

.85
.88
.88

.87
.9
.9

.77
.75
.83

.88
.92
.93

.82
.76
.79

.76
.72
.71

.9
.85
.93

.75
.8

.88

.56
.56
.68

SSE IOOX .86618 .91596 .90742 .72517 .74155 .74782 .51035 .51238 .50547

6
6
6

801
501
301

.37173
.81591
1.6360

.26672
.55669
.90935

.18852
.38772
.58452

.32021
.67459
1.3820

.21511

.44242

.72387

.15305
.31084
.47218

.21928

.46549
.99384

.14955
.31163
.49631

.10465
.21470
.32377

SS IN 
SS IN 
SS IN

801
501
301

.94
.94

1

.95
.99
.92

.98
.99
.98

.95
.96
.94

.95

.97

.93

.95
.92
.94

.98
.97
.99

.97
.94
.94

.96
.94
.94

DEL Y 
DEL Y 
DEL Y

801
501
301

.69842

.62416

.61596

.67652

.58849

.62648

.66291
.58433
.61442

.96512
.86318
.94207

.99739

.92231

.94985

.99581
.90688
.95349

1.3490
1.1953
1.2276

1.3571
1.2054
1.2419

1.3381
1.2044
1.2387

2 1 AD 
2 1 AD 
2 t AD

801
501
301

1.6354
1.7075
2.3496

1.1808
1.1880
1.5703

.81663
.83131
1.0856

1.5695
1.6656
2.3887

1.0863
1.1450
1.6067

.76673

.81609
1.0867

1.3520
1.5022
2.2464

.95040
1.0561
1.5228

.65829

.72366

.99999

DELY IN 
DELY IN 
DELY IN

801
501
301

.82
.83
.84

.81

.78
.83

.56
.59
.66

.86
.88
.85

.69

.65
.65

.6
.53
.56

.87
.8

.87

.64
.69
.8

.43
.4

.51

RHO 1001 .32044 .29574 .29572 .49564 .50392 .50215 .69622 .70239 .70097

RHO
RHO
RHO

801
501
301

.21203
.11100
.05861

.19531
.13243
.10692

.20364
.13984
.10180

.37107
.30459
.23467

.38720
.27657
.18629

.38948
.29218
.22968

.57025
.46510
.37096

.58004
.46963
.41084

.58043
.45757
.38265

RXYT
RXYT
RXYT

801
501
301

.25432

.21451
.28116

.22661 
.19179 
.23488

.23433
.19397
.19363

.43059
.42007
.41857

.44618

.36558

.31264

.45179

.39242
.33458

.64905
.60619
.55469

.66084
.61447
.59210

.65988

.59989
.55266

0 RATIO
V RATIO
V RATIO

801
501
301

.73380

.57579

.47906

.73054
.58042
.51806

.74434
.58354
.50721

.69243
.52378
.43122

.70790

.53499
.43986

.69456
.50436
.42897

.65316

.45946
.36546

.65144

.45498
.35274

.65741

.46682

.37874

X BAR 
Y BAR 

SI6HA X 
SIENA V

1001
1001
1001
1001

-.0021
.02347
.97892
.96574

.01429
.01303
.99270
.99452

-.0008
.00330
1.0009
.99419

.00409
.01291
1.0026
.97074

.00384
-.0029
.99103
.99004

.01079
.01214
.99742
.99712

.02567
.02959
.98585
.98608

.02164
.00612
.98777
1.0029

.00152
.00847
.98787
.99406

-1 1 5 -



COMPENSATORY SELECTION —  LINEAR HOMOBCEDASTIC
STANDARD DEVIATIONS

C0R=.3 COR:.. C0R=.7

N=50 N= 100 N=200 N=50 N= 100 •4*200 N*50 N*100 Ns200

BO 1001 .12749 .08346 .06944 .12824 .08513 .06471 .09053 .06646 .05240

:  i  ao
2 1 AO 
2 t  AO

801
501
301

.07461

.20163

.47343

.04215
.08830
.21899

.01685
.04443
. 103B7

.07746
.22537
.54562

.03 ’ 94
.10047
.22908

.01574
.04460
.09851

.06404

.16447

.41533

.02607
.08489
.22087

.01609
.04313
.09478

BO IN 
BO IN 
BO IN

801
501
301

.38418
.35707
.36660

.39999 

.42083

.35707

.49507
.49355
.47696

.34698 

.33630 

.34698

.45825
.48

.48280

.48989
.49959
.49638

.35707
.39999
.33630

.47696

.46249

.40730

.49355
.48774
.49989

81 1001 .10831 .09091 .07073 .14073 .08103 .06710 .11131 .07186 .04751

2 t  A1 
2 1 A1 
2 1 A1

801
501
301

.10376
.21757
.43461

.05087

.08473
.19869

.02624
.04656
.09123

.10265
.21752
.44332

.04207 
.09681 
. 18735

.02354
.04774
.08260

.07684
.17586
.36878

.03850 
.10049 
.21624

.01901
.04232
.07717

BI IN 
BI IN 
BI IN

801
501
301

.35707
.32496
.32496

.33630
.3
.3

.42083
.43301
.37563

.32496
.27129
.25514

.38418
.42708
.40730

.42708
.44899
.45376

.3
.35707
.25514

.43301

.39999
.32496

.49638

.49638

.46647

SSE 1001 .15026 .12290 .08655 .15489 .09386 .07588 .10227 .06161 .04595

G
G
G

B01
501
301

.07446
.22351
.62042

.04170
.10558
.23956

.01927
.04576
.09269

.08084 
.19873 
.52306

.03059

.08313

.18893

.01665
.04603
.08710

.04763
.12454
.35151

.02116
.06062
.13211

.01078
.02840
.05793

SS IN 
SS IN 
SS IN

801
501
301

.23748
.23748

0

.21794
.09949
.27129

.13999
.09949
.13999

.21794
.19595
.23748

.21794

.17058
.25514

.21794

.27129

.23748

.13999
.17058
.09949

.17058
.23748
.23748

.19595
.23748
.23748

DEL V 
DEL Y 
DEL Y

801
501
301

.34746

.'26854

.23995
.17452
.19802

.17847
.15055
.16639

.28266
.24432
.27776

.22139
.17387
.19216

.16241
.15615
.15134

.24507
.22078
.22304

.22432
.17514
.18374

.13564

.10826

.12331

2 • AD 
2 » AD 
2 1 AD

801
501
301

.22255 
.38894 
.67528

.11665
.12973
.28524

.05270
.07159
.13319

.22429 
.35972 
.70840

.09450

.16581
.29625

.04777
.07200
.13070

.17369
.26751
.57446

.07852
.1 4 9 P
.30527

.04107

.07291

.12850

DELY IN 
DELY IN 
DELY IN

801
501
301

. 7 8 4 i a
.37563
.36660

.3923'>
.41424
.37563

. 49638  
.49183 
.47370

.34698 
.32496 
.35707

.46249

.47696

.47696

.48989
.49909
.49638

.33630 
.39999 
.33630

.48
.46249
.39999

.4950’

.48989

.49989

RHO 1001 .10231 .08899 .06994 .12360 .06634 .05374 .07630 .05281 .03305

RHO
RHO
RHO

801
501
301

.13617
.17694
.25018

.09479
.12428
.18318

.07911

.09884

.12695

.15238
.21156
.27434

.08147
.12597
.18360

.06555
.09168
.11695

.10746
.15035
.21321

.06923
.11051
.14431

.04729

.07017

.09951

RXYT
RXYT
RXYT

801
501
301

.13766

.15539
.18911

.10784
.13319
.15070

.08909 

.10849 

.11526

.16308
.21575
.25075

.08947
.14257
.18521

.07072
.11349
.15489

.11210

.16443
.20832

.06523
.11500
.16534

.04563
.07356
.11633

V RATIO
V RATIO
V RATIO

801
501
301

.11245
.14303
.16879

.07704
.09119
.11729

.05905
.07106
.08879

.09907
.14759
.17483

.06882
.10006
.11638

.05610 
. .06438 

.07012

.09904
.12243
.12909

.06671
.08637
.09623

.04935

.06019

.07090

X BAR 
Y BAR 

SIGMA X 
SIGMA Y

1001
1001
1001
1001

.13600

.13251

.09393

.08270

.10658
.08456
.07149
.06515

.07223

.07156

.04848

.04633

.14141
.15117
.10039
.09705

.09059
.10085
.07071
.06446

.07190

.08005
.04977
.04962

.14933
.14953
.09431
.09634

.08363
.08623
.07394
.07577

.07244
.08091
.04581
.04630

-116-



COMPENSATORY SELECTION —  NONLINEAR HOMOSCEDA8TIC
MEANS

COR*.3 COR*.5 COR*.7

BO 1001

N=50

.02904

N=100
SSSSS

.01088

N=200
SSSSS

.00431

N*50

.00781

N=100

- ’ o072

W=200
SSSSS

.01236

N=50

.00517

N=H»0
SSSSS

.00378

N*200

.00645

:  t  ao 
:  t  ao
2 I  AO

801
501
301

.32623

.84626
1.6275

.23715
.59507
1.1049

.16283
.41455
.75925

.32251
.85041
1.7024

.22013
.57484
1.1235

.15388
.40815
.75899

.27186
.77533
1.6035

.19117
.52724
1.0644

.13262

.36176

.69783

BO IN 
BO IN 
BO IN

B01
501
301

.83
.8

.82

.84
.69
.73

.63

.45

.46

.86
.79
.82

.7
.5

.47

.61
.35
.32

.87
.7

.73

.72
.53
.6

.43

. It) 
.15

BI 1001 .32585 .29910 .29957 .51029 .51199 .51326 .72578 .72062 .70724

2 1 A1 
2 1 A1 
2 1 A!

801
501
301

.45498

.88324
1.4238

.32079
.59889
.92595

.21929
.41616
.63327

.45359
.86653
1.4195

.30225
.57377
.91203

.21575
.41325
.62578

.40645

.81148
1.3355

.27618
.53551
.86471

.18994
.36195
.55790

61 IN 
BI IN 
BI IN

801
501
301

.89

.88
.87

.91
.87
.82

.83

.72

.65

.92
.92
.85

.87

.72

.63

.82
.62
.5

.89
.81
.79

.84

.68

.66

.66
.37
.21

SSE 1001 .87771 .92829 .91826 .73496 .75471 .75966 .52879 .52220 .51956

6
6
6

801
501
301

.37602
.82329
1.6472

.26849
.55964
.92023

. 1B950 

.38884 

.58697

.32215
.67775
1.3835

.21711
.44371
.71919

.15365
.30997
.46900

.22834

.49637
1.0171

.15045
.30973
.49398

.10587

.21445

.32184

SS IN 
SS IN 
SS IN

801
50Z
301

.97
.95
.98

.93

.99
.92

.96
.99
.97

.97
.95
.95

.95

.97
.93

.92
.92
.95

.98
.96
.96

.94
.93
.95

.95

.94

.93

DEL Y 
DEL Y 
DEL Y

801
501
301

.71091
.66557
.65218

.69194
.63004
.65642

.67905
.62842
.64894

.99092
.91745
.98383

1.0211
.97614
.99085

1.0168
.96412
.99758

1.3543
1.2694
1.2844

1.3807
1.2693
1.2921

1.3628
1.2690
1.2872

2 1 AD 
2 t  AD
2 t  AD

801
501
301

1.6445
1.7142
2.3528

1.1847
1.1914
1.5800

.81873

.83248
1.0878

1.5743
1.6690
2.3904

1.0912
1.1464
1.6011

.76820

.81495
1.0831

1.3835
1.5657
2.3058

.95297
1.0523
1.5176

.66207
.72312
.99675

DELY IN 
DELY IN 
DELY IN

801
501
301

.85
.78
.82

.85
.72
.72

.62
.44
.47

.86
.79
.81

.72
.48
.48

.63 

. 36 

.31

.87

.68
.74

.72
.55

.6

.47

.16

.15

RHO 1001 .32454 .29724 .29861 .50157 .50528 .50435 .70021 .70363 .69B79

RHO
RHO
RHO

801
501
301

.23514

.11020
.01998

.21219
.11656
.04753

.22238
.12753
.04486

.38973
.29016
.16872

.40226 
.25495 
.10999

.40914
.27521
.16338

.59616
.43976
.31655

.59528

.44874
.33246

.59128

.42835

.29075

RXYT
RXYT
RXYT

801
501
301

.27695

.21900

.28690

.24614
.18010
.21409

.25561
.18153
.15895

.45029
.40458
.38763

.46250
.33884
.26010

.47322

.37150

.25906

.67546
.57716
.51545

.67571
.59258
.50072

.67027
.56826
.43688

V RATIO
V RATIO
V RATIO

801
501
301

.73380

.57579

.47906

.73054 
.58042 
.51806

.74434
.58354
.50721

.69243

.52378
.43122

.70790

.53499
.43986

.69456

.50436

.42897

.65045

.45535

.36643

.65144

.45498
.35274

.65741

.46682
.37874

X BAR 1001 
Y BAR 1001 

S16NA X 1001 
SIENA Y 1001

-.0021
.02590
.97892
.97412

.01429
.01154
.99270
1.0018

-.0008
.00261
1.0009
1.0008

.00409
.01301
1.0026
.98051

.00384
-.0053
.99103
.99943

.01079
.01262
.99742
1.0066

-.0087
-.0056
.98173
1.0078

.02164
.00640
.98777
1.0121

.00152
.00720
.98787
1.0043
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COMPENSATORY SELECTION —  NONLINEAR HONOSCEDASTIC
STANDARD DEVIATIONS

C0R=.3 CORO C0R=.7

N=50 N=100 N*200 N=50 N*100 14=200 N=50 N*100 N=200

80 1001 .12849 .08262 .07003 .12782 .08538 .06519 .11412 .06899 .05295

2 1 AO 
2 1 AO 
2 1 AO

801
501
301

.07532
.20437
.47773

.04232

.08930

.22241

.01655
.04347
.10235

.07714
.22704
.54918

.03831 
. 10081 
.22968

.01577 
.04410 
. 0985B

.06838

.22019

.56481

.02606
.08523
.22192

.01620
.04238
.09460

80 IN 
BO IN 
80 IN

801
501
301

. 375*3 
.39999 
.38418

.36660
.46249
.44395

.48280
.49749
.49839

.34698
.40730
.38418

.45825
.5

.49909

.48774

.47696
.46647

.33630

.45825

.44395

.44899

.49909

.48989

.4«507
.36660
.35707

81 1001 .11831 .09573 .07187 .14375 .08868 .07255 .10852 .07527 .05122

2 1 A1 
2 t  A1 
2 1 A1

80Z
501
301

.10271
.21645
.43362

.05055
.08477
.19926

.02595

.04604

.09051

.10223
.21791
.44597

.04170
.09546
.18614

.02313
.04667
.08178

.08028
.21402
.45860

.03800

.10030

.21602

.01878
.04123
.07685

81 IN 
81 IN 
BI IN

801
501
301

.31288
.32496
.33630

.28618
.33630
.38418

.37563
.44899
.47696

.27129
.27129
.35707

.33630
.44899
.48280

.38418
.48538

• 5

.31288
.39230
.40730

.36660
.46647
.47370

.47370
.48280
.40730

SSE 1001 .15360 .12610 .08747 .15515 .09782 .07652 .10456 .06423 .04928

G
6
6

801
501
301

.07470

.22638

.64443

.04168
.10528
.24298

.01914

.04545

.09363

.08085
.20092
.52579

.03163

.08377
.18822

.01655
.04507
.08576

.05119 

. 15280 

.41895

.02197

.06279

.13749

.01082
.02784
.05787

SS IN 
SS IN 
SS IN

801
501
301

.17058

.21794

.13999

.25514

.09949
.27129

.19595 

.09949

.17058

.17058
.21794
.21794

.21794

.17058

.25514

.27129
.27129
.21794

.13999 

.19595 

.19595

.23748

.25514
.21794

.21794

.23748

.25514

DEL Y 
DEL Y 
DEL Y

801
501
301

.33931
.22415
.26897

.24413
.17392
.19507

.17843
.14985
.16698

.27733
.24521
.27828

.22293

.17067

.18977

.16187
.15829
.15320

.27155

.22143

.24596

.20641 

. 16832 

.17729

.13172
.10768
.12335

2 1 AD 
2 I  AD 
2 t  AD

801
501
301

.22062
.38822
.67239

.11585
.13031
.28810

.05165
.07050
.13270

.22371
.36269
.71321

.09645
.16547
.29633

.04706
.07032
.13015

.18006

.35255

.73594

.07925

.15009

.30656

.04059

.07080

.12795

DELY IN 
DELY IN 
DELY IN

801
501
301

.35707 
.41424 
.38418

.35707
.44899
.44899

.48538
.49638
.49909

.34698
.40730
.39230

,448°9
.49959
.49959

.48280
.48

.46249

.33630

.46647

.43863

.44899
.49749
.48989

.49909
.36660
.35707

RHO 1001 .10733 .09060 .06791 .11962 .06554 .05417 .07246 .04806 .03235

RHO
RHO
RHO

801
501
301

.13150
.17541
.25730

.09509
.12233
.18666

.07908 
.09927 
.12952

.14880

.21112
.28699

.08038
.12703
.19061

.0635B
.09490
.12808

.09835
.16186
.26644

.06324
.11036
.14672

.04771

.07220
.10826

RXYT
RXYT
RXYT

80Z
501
301

.13928 
. 15042 
.18786

.10887
.12437
.14273

.08982
.10687
.10750

.16031
.21857
.24372

.08897

.15021

.17747

.06886
.12077
.15322

.09736

.18128

.23332

.06056

.12172

.18747

.04684

.08193
.14627

V RATIO
V RATIO
V RATIO

801
501
301

.11245
.14303
.16879

.07704
.09119
.11729

.05905
.07106
.08879

.09907
.14759
.17483

.06802

.10006

.11638

.05610
.06438
.07012

.10025

.12254

.14139

.06671
.08637
.09623

.04935
.06019
.07090

X BAR 1001 
Y BAR 1001 

SISNA X 1001 
SISNA Y 1001

.13600 
.13451 
.09393 
.08268

.10658 
. 0B400 
.07149 
.06636

.07223
.07229
.04848
.04656

.14141
.15241
.10039
.09615

.09059

.10080

.07071
.06385

.07190
.08023
.04977
.05069

.14205
.15051
.10504
.09079

.08363
.08705
.07394
.06959

.07244
.08156
.04581
.04396
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COMPENSATORY SELECTION — LINEAR HETEROSCEDASTIC

C O R O C0R=.5 C0R=.7

BO 1001

N*50

.02643

NMOO
sssss

.01284

N=200
S S S S S

.00529

N*50

.00717

N-100
S S S S S

- .0 0 4 4

N*200
S S S S S

.01191

N=50

.01734

N»100
S S S S S

.00575

N*200
S S S S S

.01084

2 t  AO 
2 1 AO 
2 1 AO

BOX
SOZ
301

.32446
.84139
1.6134

.23658
.59296
1.0918

.16261
.41395
.75360

.32372
.B4651
1.6642

.22027
.57262
1.1018

.15444
.40831
.74605

.28336

.75340
1.4576

.19523
.52835
.97590

.13467
.36112
.64940

BO IN 
BO IN 
BO IN

80X
SOZ
30X

. 8

.84
.83

.8
.77
.87

.58
.6

.67

.86
.8 8
.87

.71
.69
.67

.58

.55
.6

.86
.81
.92

.7 3
.71
.79

.4
.47
.59

BI IOOX .36116 .33893 .33854 .56990 .57791 .57812 .80759 .81182 .80437

2 1 Ai 
2 1 A l 
2 1 Al

BOX
SOZ
30Z

.45324
.87958
1.4136

.32014
.59699
.91577

.21902
.41556
.62859

.45561
.86453
1.3899

.30266
.57234
.89571

.21667
.41369
.61564

.40617
.77265
1.2061

.28242
.53783
.79632

.19304

.36180

.52005

BI IN 
B I IN 
BI IN

BOX
50X
30X

.82
. 8 6

.8 8

.86
.9

.93

.76
.75
.84

.8 8
.95
.93

.81
. 8

.8 3

.73
.76
.73

.9
.87
.94

. 8

.81
.87

.5
.65
.79

SSE IOOX .86418 .91367 .90564 .72368 .73721 .74425 .50447 .50833 .49987

5
6 
6

BOX
50Z
301

.37230
.81451
1.6159

.26729
.55641
.89998

.18896
.38765
.57801

.32436
.67386
1.3295

.21737

.44100

.69401

.15480
.31044
.45393

.22828

.45898
.85879

.15687
.31170
.41893

.10925

.21438

.28013

SS IN 
SS IN 
SS IN

BOX
SOZ
30X

.9 5
.94

1

.9 5
.9 9
.9 2

.9 8
.99
.98

.94
.96
.94

.97
.9 5
.93

.9 8
.93
.94

.9 9
.96

1

.93
.96
.84

.86

.9 3

.82

DEL Y 
DEL Y 
DEL Y

80Z
SOZ
30X

.75994
.67544
.67102

.74077
.64025
.68155

.72445
.63547
.67007

1.0733
.95019
1.0378

1.1052
1.0139
1.0522

1.1058
.99609
1.0502

1.5078
1.3259
1.3713

1.5162
1.3389
1.3865

1.5021
1.3390
1.3852

2 t  AD 
2 1 AD 
2 t  AD

BOX
50Z
301

1.6367
1.7061
2.3351

1.1820
1.1875
1.5618

.81758

.83124
1.0795

1.579B
1.6633
2.3386

1.0919
1.1428
1.5715

.77114
.81552
1.0650

1.3796
1.4879
2.0713

.97321
1.0558
1.3939

.67259
.72261
.92893

DELY IN 
DELY IN 
DELY IN

BOX
SOX
30Z

.83
.8 3
.85

.81
.8

.8 5

.5 5
.61
.67

.86
.88
.86

.6 9
.71
.69

.6
.56

.6

.85
.81
.92

.72
.71
.7 9

.41
.48
.58

RHO 100Z

RHO BOX 
RHO 50Z 
RHO 30X

.36034

.24645

.14845

.10292

.33621

.22978
.17047
.15248

.33592

.23787
.17683
.14705

.54889

.41850
.36090
.30857

.55712

.43645
.33796
.26781

.55442

.43526

.34886

.30567

.74567

.61878
.54232
.49761

.74915

.62340
.53785
.53506

.74984

-62579
.53149
.51141

RXYT
RXYT
RXYT

BOX
SOZ
30X

.28972
.23881
.28737

.26578
.22820
.25892

.27275

.23247

.23020

.48070
.47743
.45927

.49899
.43781
.39176

.50113

.46169

.43398

.69657
.68300
.66966

.70217
.68336
.72031

.70316
.67534
.69257

V RATIO
V RATIO
V RATIO

BOX
SOZ
301

.73380
.57579
.47906

.73054
.58042
.51806

.74434
.58354
.50721

.69243
.52378
.43122

.70790
.53499
.43986

.69456
.50436
.42897

.65316
.45946
.36546

.65144
.45498
.35274

.65741
.46682
.37874

X BAR IOOX 
Y BAR IOOX 

SIGNA X IOOX 
SI6HA Y IOOX

-.0021
.02314
.97992
.97956

.01429
.01309
.99270
1.0075

-.0 0 0 8
.00339
1.0009
1.0074

.00409
.01355
1.0026
1.0066

.00384
-.0 0 2 0
.99103
1.0267

.01079
.01234
.99742
1.0334

.02567
.03310
.98585
1.0554

.02164
.00806
.98777
1.0735

.00152

.01140

.98787
1.0655

-1 1 9 -



COMPENSATORY SELECTION —  LINEAR HETER08CEDA8TIC
STANDARD DEVIATIONS

C0R=.3 COR*.5 COR*.7

80 1001

N=50
S 8 S S

.12761

N= 1 0 0  

.08378

N=200
s s s s s

.06975

N*50

.12906

N*100
S S S S S

.08537

N=200

.06489

N*50

.09148

N*100
S S S S S

.06538

N*200

.05169

2 1 AO 
2 t  AO 
2 1 AO

801
SOI
301

.07460 
.19967 
.46766

.04215
.0B778
.21610

.01687
.04421
.10241

.07834
.21868
.51946

.03823
.09731
.21613

.01571
.04340
.09262

.06325
.14068
.32854

.02673
.07937
.19219

.01609

.03880

.07715

BO IN 
BO IN 
BO IN

801
501
301

.39999
.36660
.37563

.39999
.42083
.33630

.49355
.48989
.47021

.34698
.32496
.33630

.45376
.46249
.47021

.49355
.49749
.48989

.34698

.39230

.27129

.44395
.45376
.40730

.48989
.49909
.49183

81 1001 .10631 .08960 .06973 .13278 .07696 .06342 .09457 .06189 .04010

2 f  Al 
2 t  Al 
2 I  Al

B01
501
301

.10427

.21723

.43238

.05116
.08482
.19772

.02643
.04653
.09059

.10581 
.21634 
.43022

.04322
.09722
.18221

.02429
.04842
.08112

.08222
.17646
.34034

.04206
.10238
.20939

.02012
.04219
.06996

BI IN 
BI IN 
BI IN

801
501
301

.38418
.32496
.32496

.34698

.25514

.42708
.43301
.36660

.32496
.21794
.25514

.39230
.39999
.37563

.44395

.42708

.44395

.3
.33630
.23748

.39999
.39230
.33630

.5
.47696
.40730

SSE 1001 .15027 .12294 .08617 .15741 .09471 .07643 .10188 .06734 .04694

6
6
6

801
501
301

.07453

.22163

.61003

.04205
.10633
.23772

.01933
.04570
.09121

.08248
.19846
.50380

.03142
.08322
.18352

.01694 •

.04618

.08447

.05014
.12837
.32594

.02346
.06112
.12441

.01134
.02969
.05302

SS IN 
SS IN 
SS IN

801
501
301

.21794
.23748

0

.21794
.09949
.27129

.13999
.09949
.13999

.23748
.19595
.23748

.17058
.21794
.25514

.13999

.25514

.23748

.09949

.19595
0

.25514
.19595
.36660

.34698
.25514
.38418

DEL Y 
DEL Y 
DEL Y

801
501
301

.34948
.22370
.26987

.24014
.17437
.19980

.17835 
.15223 
.16653

.27933
.24314
.27467

.21863
.17881
.19649

.15937 
.15882 
.15323

.24563
.22819
.22495

.22224
.18512
.18690

.13277

.11431

.12795

2 1 AD 
2 t  AD 
2 4 AD

801
501
301

.22213

.38651
.66960

.11732
.12967
.28226

.05306
.07145
.13133

.22866
.35046
.67722

.09638
.16395
.28353

.04881
.07146
.12457

.17926
.25484
.50009

.08462
.14703
.27952

.04268
.07260
.11429

DELY IN 
DELY IN 
DELY IN

801
501
301

.37563
.37563
.35707

.39230
.39999
.35707

.49749
.48774
.47021

.34698 
.32496 
. 3469B

.46249
.45376
.46249

.48989
.49638
.48989

.35707
.39230
.27129

.44899
.45376
.40730

.49183

.49959

.49355

RHO 1001 .09838 .08587 .06779 .11069 .06141 .04899 .06420 .04807 .02872

RHO
RHO
RHO

801
501
301

.13174

.17371

.24686

.09232
.12236
.18124

.07755
.09728
.12598

.14001
.19973
.25975

.07727
.12086
.17863

.06304
.08612
.11083

.09012
.13247
.19918

.06750
.10418
.13612

.04371

.06258

.08463

RXYT
RXYT
RXYT

801
501
301

.13509

.16067

.19980

.10430
.14211
.16843

.08702
.11690
.13220

.15024
.20457
.26844

.08283
.13669
.19917

.06600 
. 10184 
.14105

.08956
.13754
.20204

.06096
.09926
.12929

.03949
.05912
.08154

V RATIO
V RATIO
V RATIO

801
501
301

.11245
.14303
.16879

.07704
.09119
.11729

.05905
.07106
.08879

.(9907
.14759
.17483

.06882
.10006
.11638

.05610
.06438
.07012

.09904
.12243
.12909

.06671
.08637
.09623

.04935

.06019

.07090

1 BAR 1001 
Y BAR 1001 

SI6HA I  1001 
SI6NA Y 1001

.13600 
.13455 
.09393 
.08358

.10658
.08610
.07149
.06598

.07223
.07276
.04848
.04685

.14141
.15803
.10039
.09893

.09059
.10511
.07071
.06557

.07190
.08334
.04977
.04984

.14933

.16109

.09431
.09486

.08363
.09286
.07394
.07616

.07244
.08704
.04581
.04571

-120-



COMPENSATORY SELECTION —  NONLINEAR HETEROSCEDABTIC
MEANS

C0R-.3 COR1. 5 COR1 . 7

BO IOOX

N=50

.02949

N*100

.011*10

N-200 

.00461

N=50

.007*44*

N*100
S S S S S

-.0065

N=200

.01237

N=50

.01783

N=100

.00554

N=200

.00935

2 1 AO 
2 I  AO 
2 < AO

BOX
50X
30X

.32596 
.84407 
1.6150

.23699
.59371
1.0973

.16275
.41377
.75390

.32356
.84566
1.6621

.22051
.57140
1.0955

.15426
.40643
.74177

.28306
.75019
1.4531

.19457

.52313
.96864

.13449

.35813
.64329

BO IN 
BO IN 
BO IN

BOX
50X
30X

.84
.8

.81

.83
.7

.75

.6
.47
.47

.87
.79
.81

.71
.51
.49

.6
.43
.37

. 8 8

.73
.75

.74
.59
.61

.45
.19
.23

BI IOOX .36981 .34358 .34396 .58241 .58522 .58579 .82024 .82056 .80973

2 1 Al 
2 1 Al 
2 t  Al

BOX
SOX
30X

.45475 

.88132 
1.4136

.32063
.59764
.91993

.21921
.41542
.62889

.45550

.86332
1.3884

.30291
.57089
.89033

.21639
.41173
.61198

.40559
.76869
1.2008

.28147
.53256
.79024

.19277
.35880
.51513

BI IN 
BI IN 
BI IN

BOX
SOX
301

.9
.89
.87

.91
. 8 8

.85

. 8

.73
.7

.9
.93
.87

.87
.72
.65

.78
.65
.58

.9
.81
.84

. 8 8

.7
.69

.64

.45

.33

SSE IOOX .87249 .92257 .91311 .72807 .74477 .75050 .50971 .51097 .50570

6
E
G

BOX
501
30X

.37541

.81921
1.6225

.26817
.55736
.90822

.18932
.38742
.57877

.32418
.67227
1.3242

.21791
.43910
.68596

.15445
.30754
.44854

.22792
.45479
.85086

. 15596 
.30589 
.41330

.10896
.21086
.27494

SS IN 
SS IN 
SS IN

BOX
SOX
30X

.97
.95
.99

.95
.99
.93

.96
.99
.97

.97
.95
.95

.97
.96
.92

.96
.93
.94

.98
.95
1

.94
.91

. 8

.89
.94
.78

DEL y 
DEL V 
DEL Y

BOX
501
30X

.77243

.7)685

.70723

.75619
.68181
.71149

.74059

.67956
.70458

1.0991
1.0044
1.0796

1.1289
1.0677
1.0932

1.1269
1.0533
1.0943

1.5366
1.3900
1.4199

1.5397
1.4028
1.4367

1.5269
1.4036
1.4337

2 I  AD 
2 t  AD 
2 t  AD

BOX
SOX
301

1.6432
1.7101
2.3353

1.1839
1.1888
1.5694

.81837
.83097
1.0802

1.5795
1.6613
2.3354

1.0932
1.1403
1.5623

.77025
.81172
1.0588

1.3779
1.4806
2.0635

.97016
1.0454
1.3835

.67168

.71678

.92012

DELY IN 
DELY IN 
DELY IN

BOX
50X
30X

.85
.79
.82

.83
.73
.73

.62
.46
.49

.85
.79
.81

.7
.51
.5

.61
.43
.36

.87
.72
.76

.75

.58
.61

.44

.19
.23

RHO IOOX .36458 .33795 .33906 .55546 .55946 .55748 .74970 .75231 .75019

RHO
RHO
RHO

BOX
50X
30X

.26927
.14777
.06397

.24653
.15504
.09334

.25645 
.16498 
.09054

.43700

.34842

.24506

.45149

.31867

.19425

.45460
.33392
.24240

.63550
.52894
.43619

.63896
.52319
.46989

.63765

.50941

.43302

RXYT
RXYT
RXYT

BOX
50X
30X

.31284
.24018
.28981

.28507
.21442
.22970

.29385
.21906
.18215

.50087
.46299
.42689

.51495
.41446
.32123

.52176
.44420
.35644

.71254
.67123
.60956

.71686
.66982
.65855

.71416

.65391

.61186

V RATIO
V RATIO 
0 RATIO

BOX
50X
30X

.73380
.57579
.47906

.73054
.58042
.51806

.74434
.58354
.50721

.69243
.52378
.43122

.70790
.53499
.43986

.69456
.50436
.42897

.65316
.45946
.36546

.65144
.45498
.35274

.65741

.46682

.37874

i  BAR IOOX 
Y BAR IOOX 

SISHA i  IOOX 
SIGMA Y IOOX

-.0021
.02558
.97892
.98638

.01429
.01159
.99270
1.0131

-.0008
.00270
1.0009
1.0125

.00409
.01366
1.0026
1.0141

.00384
-.0044
.99103
1.0334

.01079
.01282
.99742
1.0404

.02567
.03338
.98585
1.0647

.02164
.00834
.98777
1.0793

.00152

.01013

.98787
1.0726

-1 2 1 -



COMPENSATORY SELECTION — NONLINEAR HETEROSCEDASTIC
8TANDARD DEVIATIONS

CGR=.3 C0R=.5 C0R=.7

BO IOOX

Ns50

.12834

N= 100 

.08277

N=200

.07021

N=50

.12813

N-100

.08540

N=200

.06517

N=50

.09225

N-IOO

.06739

N=200

.05174

2 1 AO 
2 1 AO 
2 t  AO

80Z
50Z
30Z

.07515
.20206
.47180

.04227
.08863
.21955

.01654
.04318
.10094

.07771
.21971
.52262

.03836
.09734
.21682

.01565

.04283

.09262

.06376
.14466
.33022

.02650
.08016
.19369

.01606
.03831
.07786

BO IN 
BO IN 
BO IN

80Z
50Z
30Z

.36660
.39999
.39230

.37563
.45825
.43301

.48989
.49909
.49909

.33630
.40730
.39230

.45376
.49989
.49989

.48989
.49507
.48280

.32496
.44395
.43301

.43863
.49183
.48774

.49749

.39230

.42083

BI IOOX .11575 .09400 .07056 .13505 .08376 .06837 .09731 .06343 .04367

2 1 Al
2 t  Al 
2 t  Al

80X
SOX
30X

.10317
.21600
.43132

.05085
.08484
.19833

.02613

.04601

.08990

.10530
.21650
.43257

.04280 
.09581 
.18091

.02390
.04746
.08016

.08260

.17715

.33613

.04167
.10272
.20929

.01994

.04154

.07009

61 IN 
BI IN 
BI IN

SOX
SOZ
30X

.3
.31288
.33630

.28613
.32496
.35707

.39999
.44395
.45825

.3
.25514
.33630

.33630
.44899
.47696

.41424
.47696
.49355

.3
.39230
.36660

.32496

.45825
.46249

.48
.49749
.47021

SSE IOOX .15266 .12560 .08661 .15656 .09697 .07632 . 10460 .06772 .04920

6
6
6

BOX
501
301

.07445
.22329
.63125

.04190
.10554
.24039

.01911
.04507
.09180

.08197
.19839
.50130

.03203
.08292
.18097

.01673
.04502
.08257

.05135
.12891
.31638

.02388
.06276
.12713

.01135

.02904

.05272

SS IN 
SS IN 
SS IN

801
SOX
30X

.17058

.21794
.09949

.21794
.09949
.25514

.19595
.09949
.17058

.17058
.21794
.21794

.17058
.19595
.27129

.19595
.25514
.23748

.13999
.21794

0

.23748
.28618
.39999

.31288
.23748
.41424

DEL Y 
DEL Y 
DEL Y

BOZ
SOX
30X

.33950
.22498
.26916

.24332 
.17332 
.19522

.17748
.15124
.16666

.27120
.24329
.27359

.21790
.17489
.19278

.15734
.16051
.15434

.23792
.22229
.21248

.19994
.17695
.17799

.12612
.11312
.12689

2 t  AD 
2 1 AD 
2 1 AD

80X
50X
301

.21987
.38536
.66643

.11648
.13002
.28515

.05193

.07023

.13089

.22737
.35268
.68160

.09764

.16321
.28345

.04801
.06985
.12380

.18310
.25831
.49575

.08507
.14883
.28103

.04139
.07127
.11456

DELY IN 
DELY IN 
DELY IN

aox
sox
30Z

.35707
.40730
.384)8

.37563
.44395
.44395

.48538
.49839
.49989

.35707
.40730
.39230

.45825

.49989
.5

.48774
.49507

.48

.33630
.44899
.42708

.43301
.49355
.48774

.49638

.39230

.42083

RHO IOOX .10196 .08665 .06532 .10591 .05895 .04814 .05875 .04185 .02742

RHO
RHO
RHO

BOX
50X
301

.12586
.17106
.25463

.09175
.11963
.18496

.07666
.09678
.12765

.13563
.19728
.27302

.07431

.11885

.18337

.05961
.08667
.11908

.08191 

.12602 

.19466

.05955
.09824
.13156

.04235

.05964

.08864

RXYT
RXYT
RXYT

80X
50X
30X

.13504
.15869
.19171

.10425 

.13383 

.14951

.08643
.11564
.11953

.14424
.20725
.24986

.08022
.14094
.19269,

.06262
.10599
.14942

.08047

.13218

.20975

.05405
.09764
.14443

.03887
.06133
.10378

V RATIO
V RATIO
V RATIO

801
SOX
SOZ

.11245
.14303
.16879

.07704
.09119
.11729

.05905
.07106
.08879

.09907
.14759
.17483

.06882
.10006
.11638

.05610
.06438
.07012

.09904

.12243

.12909

.06671
.08637
.09623

.04935

.06019
.07090

I  BAR 1001 
Y BAR 100Z 

SISNA I  1001 
SI6IM Y 100Z

.13600

.13627

.09393

.08319

.10658 
.08547 
.07149 
.06713

.07223
.07335
.04848
.04678

.14141
.15902
.10039
.09710

.09059 
.10487 
.07071 
.06398 ;

.07190
.08333
.04977
.05093

.14933

.16298

.09431

.08866

.08363
.09308
.07394
.06789

.07244
.08738
.04581
.04240

-122-
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