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" 'the five wei

THE DEVELOPMENT OF THE ATC SELECTION BATTERY: A NEW PROCEDURE TO MAKE
MAXIMUM USE OF AVAILABLE INFORMATION WHEN CORRECTING CORRELATIONS FOR
RESTRICTION IN RANGE DUE TO SELECTION ‘

lntreduction.

To develop or update a test battery used for selecting peraonnel, two
very important steps must be completed, First, the most valid tests must
be chosen, and second, a weightin system must be devised which will
combine these tests inteo a camposite that yields a maximum validity
coefficient. In order to do this all tests under consideration are
intercorrelated with each other and correlated with a specified criterion
of job success. These correlations are used to regress the test scores on
the job success eriterion and the coefficients from the regression analysis
are then used to determine which tests should be included in or deleted
from the batter{ and what the relative weights should be for each test.

e

These weighted test scores are then combined to form the composite score
which is used for selection. )

. In the selection of air traffic controllers, a five-test selection

battery is currently given to ap licants, each test score is wei hted, and

ghted scores are comdined to form ? composite which is used to
select candidates for Air Traffic Control (ATC) tra ning. This test
battery is in the process of being revised, and several new selection tests
have been developed which could replace part or all of the existing
five-test battery. To evaluate these new tests and compare them with the
existing battery, they were administered to 7,000 ATC applicants along with
the existinﬁ five-test batter{. The ap licant scores on the five existing
tests and the new tests were then correlated to see how much overlap
existed between then,

In order to determine the utility of the testa, both old and new, it
was necessary to correlate them with some criterion measure of job success.
Unfortunately, Jjob success measures are available only for those .
individuals selected to be controllers, and this selection is based on
scores only on the five current selection tests. an izportant factor
1nr1uenein§ the size of correlation coefficients between a test and the
eriterion 1s the ran§e of scores available on the tests and on the
eriterion. Since information about the job succcss criterion is avaiiable
-only for the ATC applicants who hive been selected for _employment, only the

upper range of scores is available on the eriterion. Becausge of this
restriction in renge, the correlations between the current selection test
-Bcores and the fob 3uccess criterion will be spuriously low. This
situation is i{llustrated in Figure 1. .

The new tests being considered to replace part or all of the exiating
test battery will have a larger range and variance in the selected group
than the five tests actually used for selection. In fact, the range and
variance will be restricted only to the extent that the new tests correlate
with the old tests, and will be as restricted as the old tests only il this
correlation is 1.0. PBecause of this differential restriction in range, the
new tests will correlate higher with the Job success eriterion in the
selected group than will the old tests. _ r
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The effect of restricted range on a correlation
coefficient. Subjects in the smaller box represent

" the selected group. The unrestricted correlation of - -
the two variables is .88, and the restricted is .15,

To adiust for this spurious result, the correlations with the job
terion must be corrected for restriction in range to asseas the
validity of the tests used for selection and to determine
tests used for selection compare with the new tests. The correction must
take place prior to performance of regression analyses: otherwise, the new
tests will appear superior to the current teésts because of‘nothing aore
than a statistical artifact. This also means that, when corrected,
test correlations with the eriterion will generally increase less than the
oid test correlations.

ow the current

the new

Since a coaposite score is used for selection of ATC trainees, and the
five tests in the existing battery are not given equal weights, some teats
in the batter{ contribute more to the composite than others. Because of
1h jal contribution to the comgosite some of the five tests
which form the composite will be more res
Consequently, the correlations for some tests which form the composite,
when corrected for restriction in range, will increase more than others,
and the amount of increase will be roportional to the amount of
restriction in the variance for each particular test.

Equal Employment O portunity Commission (EEOC) Guidelines state that
rsonnel selection musi be demopstrated to be valid
success, and the magnitude of the validity coefficlent
tically and statistlcally significant” (3). The
spuriocusly low correlation coefficient due to selection, then, becomes a
very important legal issue in addition to its importance in assessing the
value of new selection tests. HNumerous litigations have occurred as a
result of this problem, aseveral of which related to the accuracy of the
methods employed in correcting the validity coefficients for restriction in

ricteﬁ in range than others.

.



' -..and either Sx or‘Sy*huere use

There are two major statistical formulas which have been developed to
correct the correlation of a test and a éob success criterion. For the

gurposes of this study, the following notation will be used for all
ormulas:

X = the current selection composite score
¥ = the new test, or one of the five components
of the current test battery
Z = the Job success criterion
RR = the unrestricted correlation of the variable
subscripted
S8 = the unr:stricted standard deviation of the
variable subscripted
R = the restricted correlation of the variable

subscripted
3 = the restricted standard deviation of the
variable subscripted

Both maior formulas estimate the value of RRyz based on the information
available on the restricted group: Rxy, Rxz, Ryz, Sx, Sy, and Sz. They

differ in their assumptions about information available on the unrestricted
group.

The first formula (5), Thorndike's formula 7 case III {hereafter
referred to as T7), assumes that onlg SSx is available for the unrestricted
ﬁroup and uses the ratioc SSx/Sx and the restricted correlations to estimate

Rxy, RRxz, S5y and SSz. Theze estimates in turn are used to estimate
RRyz. The second major formula (i), Gulliksen's formula 37 {hereafter _
referred to as G37), assumes that only SSy is available on the unrestricted
group and uses S y-éy and the restricled correlations and variances to
estimate RRxy, RRxz, S3Sx, and $Sz. These also are used to estimate Rfyz,
which is, of course, the desired unrestricted correlation of the test and
the job success criferion.

The problem 1in using either of these formulas for the ATC selection
situation is that both T7 and G?T require making estimates of efther S8x or
53y and RRxy, when this unrestricted information is actually available from
the-applicané sample. The gurpose of this =tudy was to develop a procedure
for correcting for restriction in range using available unrestricted :
values. In the two formulas already developed, estimates of 53z and RRxz
only are reguired to estimate RRyz.  In order to make maximum use of the
- unrestricted information, two formulas were derived by the first author of
his paper. The first formula (hereafter referred to as B1) uses S3x to
derive egtimates of 53z and RRxz. The second formula hereafter referred
to as B2) uses 5SSy to derive estimates of these variables. 1In both
formulas, the estimates, along with the actual unrestricted values of RRxy
in conjunction with restricted correlations
to estimate RRyz. e four formulas were coapared both mathematically and
by using Monte Carlo techniques to determine whi=h can be most accurate in

esgimat ng RRyz across different selection ratios and different correlation
values.

Methods.

Following Gulliksen's (4) schema for dorivation of the correction
formulas, three asaumptions were emplo ed, where upger case and lower case
letters represent unrestricted and restricted variables respectively and
X = the test used for selection, ¥y = the new test being assessed and
z = the success criterion.
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Assumption 1. The slopes of the regressions of the new test and the
eriterion used for selection are not affected by selection. -

Rxy Sy = RRxy 353
& &

(N
Rxz Sz = RRxz $S3z
Sx S55x

Assumption 2. The error made in estimating the new test scores and
the criterion from the selection test scores is not affected by selection.

2 2
Sy (1 -~ Rxy )

2 2
SSy (1. - RRxy )
5 R {2)
3z (1 - Rxz )

2 2
SSz (1 - RRxz )

Assumption 3. The partial correlation between the new ]
ceriterion is not affected by selection. new test and the

Ryz = RXYRXZ = BB!Z;:JﬁQ&BBKi;____ (3)
-2 2 ' 2 ’ 2
-\/{1 -« Rxy Y(1 - Rxz ) WV/;;_— RRxy )(1 ~ RRxz )

Based on assumptions 1 through 3, derivation of the root formulas proceed
- as follows.
- EBquation (1) is solved for RRAxy,

RRxy = Rxy 3SyS3x L))
y IXY SSySx

and RRxy is substituted in equation (2),

2 2. 2 2 2 2
Sy (1 - Rxy ) = SSy [1 - Rxy §x_%§;§ . (5)
SSy Sx

Multiplying the right side through by SSy2,

2 2 2 2 2 2
Sy (1 - Rxy } = SSy - Rxy Sy SSx ’ (6)
: ‘ Sx

-



and solving for SSyZ.

2 2 2 2 2
S8y = Sy |(1 ~ Rxy ) + [Rxy §§K§ R (7}
‘ Sx

Substituting SSy? in equation (%),

Rxy $Sx

———————— X, (8)
\/1 ny2 R 2(3?)2
- + Rxy
. | X

The same method can be used to derive 5Sz2 and RRxz 2.

RRxy =

-

2 2 2 2
SSz = Sz |1 - Rxz + Rxz (Sﬁg) {9)
: Sx .
1 Rxz o ,
- RRxz = B SRR (10)

(

So%ving for RRyz in equahion2(3)

we algebraically chan
equation (2), dividing first by SSy‘ and t

(:]
aking the square roo%,

B e

' T
; (1 - Rnyz) z sgl'\/(-1 - Rxy ) (11)
, ¥

and divicing by SSz2 and taking the square root, -

——— e preee g

2
{1 ~ Rxz ) (12)

Substituting (11) and (12) in the denomirator of (3)

' 13)
—---Byz = BeyRxz ____ = _ (RByz - RRxyRRxz)SSySSz __ (13

o e
2. e -~ 2, / 2
\/1 - Rxy \/1 - sz‘ SySz\/ 1 - Rxy 1 - Rxz




and solving for RRyz

= - BxyRxz)3 + RRxyRRxz ., {14)
RRyz Lm__ssa%s:.zll&

The equations in assumption 1 can be algebraically combined,
producing

2
RRxyRAxz = RxyRxz ._S]2L$_z.$§1;_ . (15)
Sx S5SySSz

Substituting (15) in (14) and factoring out SyS$Sz/SSySSz,

2
RRyz = _[Ryz - RxyRxz + RxyRxz S_S_.xé:l . (16)

LBYSZ
SSySSz Sx

Formula (16) is the root formula for the developnent of the first two
correction formulas, and foraula (14) serves as the root formula for . .. .
correction formulas (3)-'and (4). The first correction formula is derived
on the bzsis that neither SSy nor S5z are available and 5SSy and 55z are
estimated using the proportion SSx/Sx.

Substituting the estimates for SSy (7) and S5z (9) in the root formula
(16) and simplifying gives:

i 2
Ryz -~ RxyRxz + RxyRxz §$_1;§

et

RRyz = IR S (n

2 2 2 2
\ﬁ1 - nyz + nyz s_ixa_)ﬂ - Rxz + HAxz S_S_xz)
Sx o Sx

Formula {17) is equivalent to Thorndike's T7 (and also to Gulliksen's
formula 19, ref. 4, p. 149),

o The second correction formula uses the information (SSy - Sy), the-
restriction of the variance of test y, to estimate the restriction in SSx

and S8Sz due to selection. Proceeding 3!1 this basis,
Equation (2) is aclved for RRxy<, giving

2 2 2
RRxy =t - _§12_(1-ny ). (18)
58y

Equation (1} can be expressed as ,

- . €19)
5% - Bpspe



and subatituting (18) in (19) and solving for SSx,

\/ 2 2 2
SSx = Sx _._$§1__:_$.§_(.1_-.._EEY._1- (20)
SyRxy
Next, solve (2) for RRxz, yielding

RRxz = Rxz gfgg_;. ' 21)

Substituting (21) in (2), solving for 55z2 and simplifying
produces,

Sz ZR 2 zn 2 §§12R;ggz (22)
- - - 2 .
S5z Sz M_.i!__xz +
Sy Rxy

Reburning to the root equation (16), substituting the
estimates for S5x (20) and SSz ?22)'and siaplifying produ
second correction formula.

ces the

2 2 2
RRyz = _ Bxz(SSy - Sy ) + RxvRvzSSy __ {23
3 _

2 2 2 2
SSqu/sz (SSy - Sy ) + Sy Rxy

Formula (23) is Gulliksen's formula G37.

The third and fourth correction formulas emgloy Lthe assumgtions of the

first and second correction formulas, respectively, and make the additional

assumptions that the new test under consideration, test {. was adninistered

to the applicant group. Consequently, there is no need Lo estimate RRxy,

S8y or 3Sx, and formula (14) can be utilized as the root formula.
Substituting estimates for SSz 29) and RRxz (10) used in

deriving the first correction formula (17) in the root formula ¢(14)

" and simplifying gives the third correction formula,

{24)
) Rxz 33x
RRyz = __.____ Sy(fyz - RxyRxz) .__ __.._|+ TP Jp—— RRxy.
T Ty | LT 2 2 2
S3y\/ (1 - Rxz ) +(sz 8Sx _ V (1 - Rxz )} +[ Rxz §%x_
2 2
Sx . Sx

r




|
|

To obtain the fourth corredtion formula RRxz must be 2
derived in terms of (SSy - Sy) by first solving equation (2) for RRxz

2 2 2
RAxz = % = S;_LL-.z,ilx.&_l- (25)
' 5SSz '

Substituting (22) in (25), multiplying and sinplifying yields,

2 2 2

2
RRxz = Rxz\ [ ___SSy_ - Sy + Sy Rxy _.__. 26)
2 2 2

SSy Rxz - Sy Rxz + Sy Rxy

(]

[\ b1

Toe form the fourth correction formula, {(22) and (26) are
substituted in the root formula (14) and simplified giving,

: 2n
: Sy(Ryz - RxyRxz) >
RRyz = ______°' . e ...._ + RRxyRxz ‘§§!._:.§1€l"t2§!23
2 2 2 T2
2 2 2 2 2 2 33y R -5
SS.‘;\/S.‘L.BH_-._S!.%’S?g.a.t_ésl_ﬁxa_ - y Bxz - 5y fxz + Sy Rey

Sy Rxy

- To evaluate the effects of the selection ratic, RRxy, and RRyz on the
restricted Ryz mathematically, the process'emgloyed above to obtain
unrestricted parameter estimatesa from restricted parameters was reversed to
obtain explicit restricted parameter estimates in terms of unrestricted
parameters. The Ryz's were then calculated as a function of the selection
ratio, RRxy, and RRyz and compared to the RRyz to determine their
respective effects on restriction in RRyz.

Since the derivation of formulas for the explicit restricted
parameters follows a set pattern parallel to the steps in deriving the:
corraction formulas, the pattern will be demonstrated and the remaining
formulas will simpl{ be given. This is done for the two cases employing
the assumptions: (1) (S3x/Sx) is used to estimate the amount of
restriction as in correction formulag T7 and Bl (hereafter referred to as
assumption A~SSx); and (1i) (SSy - Sy) is used to estimate the amount of
restriction as in correction formulas G37 and B2 (hereafter referred to as
assumption A-SSy).

For A-SSx, {SSx/sx), '
Egquation (1) is solved for Rxy,

ny = RRxy §%§§§. (28)

Rxy is substituted into equation (2); and multiplying through
and solving for Sy 2, :

PR .

2
2 e 2 - 2 _3x.l. (29)
Sy = 5SSy {{(1 - RRxy ) + Rftxy SSx



Substituting Sy? (29} in equation (28),

Rxy = __H__B.lex_igxi_-_____- (30)
2
V(l RR 2) Rnx2_§x§
TR )+ RN ssx

The pattern that,garallels the development of the correction formulas
can be noted by compar ni (28;, 29), and 5?0) to (4), (7), and (8). The
restricted correlations fn (4 s 7 and ( become unrestricted
correlations in (28), (29), and (305. and the ratio of (55x/Sx) becomas
(5x/SSx). The same pattern exiails in the remaining derivations for Sz and
Rxz. Consequently, these explicit equations ean be given as,

2 2 2 ' 2
Sz =85z [(1 - RRxz ) + RExz|_Sx \{, and (31)
3Sx
RRxz _Sx
Rxz = ______ 3% —- (32)
I 2 2
2
ﬂ\l(1 - RRxz ) + Rixz “SKZ .
| : S58x
To obtain Ryz, root formula (16) is solved for Ryz,
2
Ryz = §§1§§z RRyz - RRxyRRxz + RRxyRRxz _ﬁxz . {33)
=z ' 8Sx

and (29) and (31) are substituted into (33) and simplified
to produce,

2 (3%)
RRyz -~ RExyRRAxz + RRAxyRRxz _§x§
Ryz' = e __SSX
2 2 2 2 2 2
(1 - RRxy ) + RRxy ,ﬁxi (1 - RRxz ) + RRxz _535
S5x S55x
For A-SSy, (SSy - Sy)
:quatign {2)yis solved for Rxy?, giving
2 2 2
Ryy 1= 5512 (1 - BRxy ). - (35)
. sy




The equations in assumption 1 can be expressed as
8 = Ruvsy | (36)
55x Rxy y’

and substituting (35} in {(36) and solving for Sx,

Sx = SSx :}lﬁx? - ? 1 -_ﬁﬂxx?i (in

B i 5), d t B, g) th
emergeg comg:rrggt£ géed(gozreggtlggg) n°s(3 4 (‘?)' and(gg ) gcgmgattern

unrestricted in (35) 536) and (37) and /SSy and (SSy - SK become
S8y}, hp {e Xy

(SSy/Sy) and (Sy - plying this pattern, S5z, Rxz, and is given
as, :
[SER. l... 2 2 . 2 - 27 - 2‘-- -2 B . .
Sz = 55z7\ | SSy RRxy .-__ss_g_mz___t Sy RRxz ., - (38)
o SSy RRAxy

' ’ 2 2 2 2
Rxz = RRxz TSx _=_§§v_z « 5SSy Raxy _____, and (39)
2 ” 2! 2 2
Sy RRxz - SSy RRxz + SSy RRxy

2 2
Rxy = V\ - (5312)(1 ~ RAxy ), (40)
Sy

To cbtain Ryz, root formula (14) is solved for Ryz, .
substituting values Proa foraula ?1;. ? ed for Ryz, after

2

Ryz = E;YSSZ (RRyz - RARxyHRRxz) + RRxyRRxz _Sx. |, (1)
SySE™ | 2
SS5x

Substituting (37) and (36) in (41) and simplifying produces,

2 2 2
Byz x _..Rau_g__sﬁ._.___@__r__t.t RRXYRRY2SSY ... (42)

2 2
sy /;sz { Sy - SSy } - SSy RRxy

10
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To examine the effects that selection ratioc, RAx d
restricted Ryz, the ratio (Sx/SSx) was assigned Galueg'o%n.3aﬂ¥g,h:g o? the
and Ryz was computed while varying RRxy froa .01 to 1.0 at .01 intervals
fggynnyg gai:;:eggnégé é"&a?"d i6.u'l'o i??ur: th:ﬁ e?ch'(Sx/SSx) and

- selection effects,
the (Sx/55x) and (SSy - gy) cases were set equal, ® formulas for Rxy for

RRxy _Sx 2 2
S SSx =z 1‘5&5(1-“!!)
—\/(1 RRxy ) + RRxy 2 d
- + Xy
53
and the equation solved for Sy ;'

2 2 2 2

Syz = SSy (1 - RRxy ) + RRxy _5;2 . (un)

SSx

You may notice that formula (U44) {s the same as rormu%? (29} even though
they were derived from diff&rent root equations. 5S8Sy< will be arbitrarily
set at a conatant 20 and Sy< will be solved for S5x/5Sx ratios of .2,

.5, and .8,

A demonstration of the characteristics of the four correction foramulas
in terms of more refined influences was also Eerformed b! using Monte Carlo
techniques. The Monte Carlo study examine? ; e comparative accurac og the
four correction formulas as a function of (i) the selection ratio, (i1
RRxy, and (i1ii) RRyz. :

In order to generate data of known means, standard deviations, and
intercorrelations, a program (MNANG) (2) (see Appendix A) was modified by
the authors and used. The prograa uses the Marsaglia's reasonably fast
method to generate normallx distributed variables whose covariances are

_those required by a speciflied correlation matrix input into the frogran.
. Eg?le 1 containas the relevaant portion of the correlation matrix input into
3 program.

d Cae

Table 1. Relevant Correlations Input Into MNRNG

1 2 3 4 S 6 7 8 9 10 n

1 0.6 0. 0. 0. 0. 0.3 0. 0.2 0.4 .
2 . 0.3 0.3 0.? 0.3 x3 X X oxs
E 0.1 0.2 0.3 0.4 S5 0.1 0.1 0.1
L S A
2 X X 013 023 013
g X 0.5 0.5 0.5

'X § X

d :

1 The correlations denoted by X were not used in the analysis.
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For the purpose of this anal{sis variable 1 was defined as variable x, and
variables 2,3,9,10, and 11 alternated as variable y and variables .
3,&,5,6,zﬁ ang é were used for variable z. The unrestricted correlation of
X and 2z Rxz) was a constant 0.30, the unrestricted correlation of x and ¥
(RRxy) ranged from 0.2 to 0.6 in incremeats of G.1, and the unrestricted
correlation of { and z (RRyz) ranced from 0.1 to 0.5 in incremeats of 0.1
also. All possible combinations of RRXy and RRyz were generated by using
the various variables from the generated data as shownrfn Table 2.

Table 2. Variables Used as x,y, and z for Assigned Values of RRxy and RRyz

Values of HRyz
0.1 0.2 0.3 0.4 - 0.5
Var # Var & Var # Var # Var #
1 ] 1 1

0.2 ys ]
I i 1 % 3 3
A
.z=
ARky - 3 % % % 9
0.5 ; : 1} 1; 1} 11 1}
zZ = 3 y 5 g 7
9.6 ¥ : 2 2 3 3 4
z = 3 y 5 6 7

1 Variable # used for x, y, or z.

After a sample of 1,000 subjects had been generated by using the
correlation matrix specified in Table 1, the sample was sorted into
descending order based on variable 1, the x variable. Using a program
(REST) developed by Lewis and Boone {see Appendix A), the sample was then
restricted on variable Y using five different ratios, 10%, 20}, ?Oi. 404,
and 50%. For each selection ratio the four formulas for correction for
restriction in range were used to estimate the value of RAyz. This was
done for each selection ratio for all 25 combinations of HRxy and RRyz
described in Table 2, The correlations computed from the restri?ted sample
and the unrestricted sample were input intoc a subroutine (COREST) developed
by Lewis and Boone (see Aggendix B) which employs all four correction
formulas and transformed e estimate of RRyz as well as the actual values
of RRAxy, RRxz, and RRyz by using the Fischer R to Z so that the values
could later be averaged. This was repeated for 100 samples. A summary of
the process is as foliows in Table 3.

12
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Table 3. Summary of Processes Used in Study

t. Generate 1,000 subjects with scores on 11 varliables as defined
by means, standard deviations, and correlations.

Sort sample into descending order based on scores on variable 1.

3. Restrict sample based on selection ratios of 10%, 20%, 30%, 4of%,
and 50%. . ,

k., Calculate the four different estimates of Hﬂsz for each restricted

sample based on values of RRxy ranging from 0.2 to 0.6 and on
values of HAyz ranging from 0.1 to 0.?. :

5. Transform all correlations and estimated correlations by using
Fischer R to Z transformation and for use in later averaging.
The results were then grepared in tabular and graphical fora. Since the
sample size was 100,000, significance tests were deemed inappropriate.

Results.

Figures 2 through 7 represent the calculated value of the restricted
correlation, Ryz, when the unrestricted correlations, RRxz and RRyz, are
equated and assigned values of .2, .4, or 6. For each figure the
unrestricted correlation RRxy was allowed to vary from .0} to 1.00 b{
increments of .0}. The ratio of the variances on the explicit selection
variable was assizned values of :2, .5, and .8 and Ryz was plotted as a
function of RRAxy for each selection ratio. This was done for the variance
assumptions of and By (A-SSx) and also for tne assumptions of G37 and B2
(A-58Sy) for each assigned value of RRxz and RRyz.

The remaining figures and tables in the present study are based on the
data obtained thrgughgthe Monte Carlo technigue described in Table ;. The
actual correlation matrix obtained from the {nput of the matrix in Table 1
is contained in Table 4, .

Table #. Actual Correlation Matrix

1 4 6 8 11
1 X .gO .gO .30 .30 .30 .30 .30 .30 41 .50
2 X .10 .21 .31 41 50 X X X X
; CP P B e b ek
2 X X X X .29 .31 121
X X X .m0 &g
K X X 49 k9 50
X X X X
9 X X X
10 X X
LA X

In order to assess the accuracy of prediction of each correlation
procedure, an error term was calculated based on the absolute value of the
difference between the actual unrestricted correlation RRyz and the
estimated correlation Ryz. Table 5 contains this srror term, RAyz - Ayz,
for each correction formula, for each selection ratic, for each value of
RRxy, and for each value of RRyz. Figure 8 represents this error tera as a
function of selection ratio for the four correction formulas and for the
actual restricted correlation Ryz. Figure 9 represents the error term as a
function of RAxy for the four formulas and Ryz. Figure 10 represents the
error term as a function of RAyz for the four formulas and Ryz.,

13

Pty



00l

Anmm\umv jo -o=~u>
303 Axyg 850109 uax PIIFINOIED U 7 'wzAY=ZXWY
uaya 1dg puw 2l ee[nmioj jo suoridunssw Iy3 104

Ax MY

+z sandyg

080 080 OL'0 090 05’0 O¥0 080 020 0OI'0

]

1] T ] L

@~ ¥55/18 |L!ai
 G'e AGG /NG ===
' > 755 /A§ ——wm

2o oAy s IUYY m———-— -

o0

90°0

80’0

14

oo

210 g

*1°0

9’0

81’0

oz'o

zz'o




T e s

i
!
i
;

L L T pr——

*(X85/%5) JO saniwA
203 AXyy ss0ade zAY pIIBINITEY oYl ‘7 aziYg=2¥NY

usym 7qg pu® /g9 SEINWIOF jo suorjdunsse ay3 x03 ‘¢ eandiyg
Axyy
007 O06'0 080 0.0 090 060 OO0 080 020 OI'0 .
L Y T | E— T T T ; 0’0
// .
// T T — -1 90°0
// G' e XEG/XG waimm
™~ 20 XGG /NG mmem e -1 80
~ ,
~ , 2° aZAYY e XA Y Y memmma
~ ) ;

~ o010
. /l i {210 5
- ¥ -
- B ~

I-..I.I /./
-~ dat
ot ...// #i°0
// .
et ety s baa Y aiet gty /lo ,/ -19i1'0
e, (.-.f'l.lf-. fft- ,
e l-.rlll-' . ’I’
i, SN ~810
/l ‘I/’”
: o] ozo
=220

B e

15

e



