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SUMMARY

This report examines a method to correct for the effe ct of range restriction on
correlation coefficients . Often , it is necessary to estimate the corre lation of two
varia bles in a large , diverse population from a smaller , selected population in which
the ranges of the va riables have been restricted . Range restriction (sometimes called
curtailment) occurs whenever there is a real change of variance in a particular variable
in the selected population. A direct calculation of the correlation coefficient for the
larger group from the data sample of the smaller group is misleading . To more
accurately estimate the true correlation , methods of correcting for range restriction
have been developed.

The method described in this report is one of the most general. It handles the case
• in which the sample population has been directly restricted in several variables. All

coefficients are corrected simultaneously, so that an entire correlation matrix can be
corrected . This report gives the correction equations , and the assumpt ions needed to
derive those equations . A FORTRA N program , used to compute the corrected correla-

• tion coefficients , is given in appendix A; an APL program in appendix B.

The correction method is illustrated using the aptitude test scores of Marines
kelected for formal training and similar test data for 60,000 FY-19 75 Marine recruits .

• An empirical test for the effectiveness of the equations is given. In addition , another
technique for correcting for range restriction is discussed and compa red. In general ,
the method documented in this report appeared superior to the other examined.
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iNTRODUCTION

Range restriction is a problem that is often encountered in corre lation ana lysis.
Recall that the correlation coefficient r quantifies the extent tha t two variables covary
in a particular population. It is misleading to speak of the correlation between two
variables without specifying the sample population, since , generally, the size of r is
related to the ranges of the correlated variables in the measured population . Usually,
the correlation coefficient computed from a population in which the ranges of the variables
have been restricted will be smaller than the r computed from a broader , unrestricted
population . Since it is often desirable to estimate the correlation of two variables in
a large population from data obtained from a more restricted population, it is necessary
to correct the correlation coefficients computed in the smaller population for the effects
of range restriction.

Suppose, for example , that a group of people are given intelligence test A , and tha t
only those who score above 90 are administered test B. Thus, the results of test A are
used to restrict the group who take test B. It is often of interest to find how well test A
predicts performance on test B. That is , what is the correlation between tests A and B
for the total group ? Because the group that took both tests A and B was restricted on the
basis of performance on test A , that question cannot be answered by direct calculation of
the correlation coefficient. The problem would be even more complex if severa l tests
were the basis of restriction. Thi s report examines a method of correcting for range re-
striction that can handle the problem of multiple curtailment. Another, simpler method
will also be discussed and compared .
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CORRECTION FOR MULTIPLE CURTAILMENT

The problem of range restriction often occurs when the assignment of personnel to
jobs or schools is based on test performance. The validity of a test is measured by how
accurately it predicts the later performance of a member of the general , or unrestricted ,

— population. A direct measurement of a test ’s validity is impossible if tha t same test is
used for personnel selection , since performance measures exist only for the subset of
the general population selected for a job . In order to estimate accurately the validity of
a test in the genera l population , the correlation coefficients calculated from the selected
population must be corrected for the effects of range restriction.

A recent study of Marine Corps school performance (reference 1) provides an example
of the problem of range restriction , and will be used throug hout this report to illustrate
how the problem may be solved. At the time of the study, Army Classification 1~ ttery
(A CB-6 1) of 11 subtests was administered to all Marine recruits at the recruit depot. Al -
though the ra nge of scores varied slightly among the different tests , the approximate range
was from 50 to 160, and all the test scores were approximatel y normally di stributed . A
nu mber of composite scores were computed from linear combinations of the subtests .
Ta ble 1 lists the ~ubtests and composites .

After aining , recruits were selected for assignment to jobs and formal
t raining ~d on their ACB-6 1 scores . For example, to be admitted into
the Sea ~irinatio n School , a Marine had to score 90 or above on his Genera l
TechniL~ . \~~ J ~ test . By thus restricting the range of GT scores , th e variance of the
GT scores in the selected school population was reduced . At the end of school training ,
a recruit was assigned a final course grade (FCG) ra nging from 0 to 100.

In order to eva luate how well GT predicts a recruit ’s performance in any course ,
the correlation coefficient between GT and FCG may be computed. Figure 1 illustrates
the problem of computing that correlation when the ranges of the students ’ GT scores
have been restricted . In a typical school , if there were no entrance requirements , a
scatterplot of the students ’ FCG versus GT scores might look like figu re la. In contrast ,
figure lb shows what the same scatterplot would look like if a GT score of 90 or above
were required for admission into the school. In general, the correlation coefficient
of the restricted school population is less than that of the unrestricted , general popula-
tion. When several different variables are used as the basis of restriction , the problem
is even more complex.

Range restriction can occur from above as well as below . For example , if all the
recruits with high GT scores are selected for more demanding schools , few will be
availa ble for assignment to “easier” schools, thus the range of GT scores of students
in those schools will have been restricted from above. The curtailment of GT scores
f rom above will , in genera l , reduce the variance of the distribution of scores; the corre-
lation between GT and FCG will also be reduced.
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TABLE 1

ACB-61 SUBTESTS

Subtest Abbreviation

Verbal VE
Arithmetic reasoning AR
Pattern ana lysis PA
Classification inventory CI
Mechanical aptitude MA

• Army clerical speed ACS
Army radio code ARC
General information test CIT
Shop mechanics SM
Automotive information Al
Electronics information ELI

ACB-6 1 COMPOSITE TESTS

Composite Abbreviation

Infant ry Combat AR + 2 CI IN
3

Armor , Artillery , Combat G1T + Al AE
Engineers 2

Electronics MA + 2 ELI EL
3

General Maintenance PA + 2 SM GM
3

Mechanica l Maintenance SM + Al MM
2

Clerica l VE + ACS CL
2

Genera l Technical VE + AR GT
2

General Classification Test VE + AR + PA GCT
3
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One of the objectives of the school performance study (reference 1) was to determine
how well the ACB-6 1 subtests and composites predicted each recruit ’s fi nal course grade.
To accomplish this , the cor relation matrix of all of the tests and the FCC had to be
corrected for range restriction because the ranges of one or more of the scores had been
di rectly restricted by the entra nce requirements of each school . In the remainder of this
report , school population will be synonymous with the restricted , or curtailed , population .

The data available consisted of each student ’s FCG and his score on each subtest
and composite. The scores of all subtests and composites for 60 , 000 FY-1975 Marine
nonprior-service accessions were also known . The correlation coefficients computed
f rom the data on the 60 , 000 Marines were considered to be t’le “true” cor relations in
the genera l population ( i .e . ,  the gene ra l population is defined to ~~~ all Marine recruits).
The tec hnique used for correcting for range restriction was first developed by Pearson
(refe rence 2) and later refined by Burt ( reference 3) and Lawley ( refe rence 4). The
notation used in this stud y is Gulliksen ’s (refe rence 5).

The following information was needed to use the correction equations:
(1) The correlation matrix of all the variables in the restricted popul ~ ion;

(2) The corre lation matrix of the directly curtailed variables in the
unrestricted population;

(3) The standa rd deviations of all the variables in the restricted
population; and

(4) The standard deviations of the directly curtailed variables in the
unrestricted population.

Of the above , in the case of the 84 training schools , the 11 AC B-61 subtests were
designat ed as the directly curtailed variables . Items (1) and (3) were obtained on recruits
in formal schools , and items (2) and (4) came from the data of the 60 , 000 FY- 1975
Marine accessions .

Although no school had entrance requirements on all 11 subtests , complete knowledge
of the standard deviat~ons and correlations in the uncurtailed population was available for
them . As Burt (reference 3) points out , this is the real distinction between the directly
and indirectly restricted variables , when correcting for multip le cu rtailment . Therefore ,
the variables for which complete knowledge was available will be considered to be expli-
citl y selected or directl y curtailed va riables . Likewise , the variables for which onl y
incomplete data was available will be considered to be incidentally selected or indirectl y
curtailed variables .

-6- 
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Assumptions of the Procedure

All variables are assumed to be normally distributed . The variables subject to
incidental selection are regarded as being estimated by linear combination of the explicit
selection variables. In the school example, this means tha t

FCG = b1 (VE)+ b2 (AR) + . . . + b1~ (ELI).

Furthermore, the gross score weights applied to the explicit selection va riables (i.e., b .)

are assumed to be the same for the curtailed and uncurtailed population. This assumption
in the univariate case (where FCC is estimated by only one test score ) would mean that the
regression lines in the unrestricted and restricted population would have equa l slopes . Also ,
it is assumed that the errors of estimate (~. e. , the differences between the predicted and
actua l value of the incidentally selected variables) are the same for both the unrestricted
and restricted groups. Finally, after the effe cts of the exp licitly selected variables are
partialled out , it is assumed that the correlations among the variables subject to inci-
dental selection in the curtailed population are the same as the analogous pa rt ial correla-
tions in the uncurtailed population. in a three -variable case , say variables x , y, and z ,
it is assumed that for constant Z the correlation between x and y is the same in both
the unrestricted and restricted populations. This last assumption is examined in greater
detail in appendix C.

The Correction Equations

The equations used to correct for the effe cts of range restriction will now be presented
in general form , and will be demonstrated by the example mentioned previously.

Suppose that each member of a population P is administered tests V1, V2 , . . ., V ,

and his score is recorded . Furthermore , suppose that a suFpopulation Q of P is obtained
by requiring that an individual i~ Q scores in a particular range on tests V1, V2 ,... , V .

In the example, P would be the population of all Marine recruits , V . the 11 ACB-61 sub-

tests , and Q the subpopulation of all Marines admitted into a particular school. Also ,
suppose the members of Q are administered tests V +i i V +2~ 

. . . , V~~~, and their

scores are recorded. (In the example , this would be the final exam in a particula r school.)
This wouki m ake V , V ,. . ., V the variables subject to incidental selection . If aa+1 a+2 a+t
sample is taken from the restricted population Q the correlation between tests V . and V~, for

i , j = 1, 2, . . ., a+t , can be estimated . Denote , by O , the matrix of correlation coef-
ficients calculated from a sample of Q. This would make O an (a+t ) x (a+t ) square
matrix. In the example , C~ was the 20 x 20 correlation matrix of the 11 ACB-61 subtests,
the 8 composites , and the FCC for any one school. Suppose it is necessary to estimate
what the correlation matrix of tests V 1, V2 , . . V

÷~ 
would be if everyone in P had

-7-
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also taken tests V , V , . . ., V . This correlation matrix , not yet calculated ,
a+l a+2 a+t

of all the variables in the unrestricted population will be called ô. Part of i5 can be
estimated directly from a sample of P, since everyone in P has taken tests
V1. V2, . . ., V .  Therefore , the a x a submatrix of ti , con-sisting of the correlations

between the first a variables , will be called £) . Still unknown is the correlation sub-
matrix between tests V , V , . . ., V and tes~~ V , V , . . ., V . Denote thi s1 2 a a-i-i a+2 a+t
a x t submatrix of by B , and let 

~ta be its t ranspose. Also the correlation submatrix

between the incidentally selected variables (that .is , variables V +i~ 
V +2 1 . . ., V~~~) is

A
still unknown. Denote this t x t matrix by D

~
. Partition C in a similar manner. That is ,

let be the a x t submatrix of consisting of the correlations of the directly restricted

variables and the incidentally selected variables , and let C be its transpose. Likewise ,

let be the correlation submatrix of the last t variable: (that is , the correlation matrix

between the inc identally selected variables .

In order to use a multiple curtailment method , it is necessary to convert ~ and £~
into variance-covariance matrixes C and D , using: aa

aa

Cov (V ., V.)= 0’• • • r ..,
1 J 1. J 1)

where r . .  denotes the correlation of V. with V ., Coy (V ., V .) stands for the covariance of
1 A

V . and V ., and ~~~. is the standard deviation of V. . For example, if C is to be transformed
1 J 1 1

into C , then 
~~~

. estimates the standard deviations of V. in the restricted population . Like -

wise , if the D matrix is being calculated , o~ estimates the standard deviation in the un-

restricted population. Then , the corrected va riance-covariance submatrixes are calculated
as follows:

D =C C
1
Dta ta aa aa

and 
-

r~~-C +C C
1
(D - C )tt ta aa at at

(see refere nce S) .

.

~

..• _ _ _ _ _



~
-‘.. ~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ - — _-- -- -- -— — - ——,-—
~

-————-- --
~
,--—.---- — - .-- - - •

~1

~

‘

1

•
1

t The diagonal of the D
tt 

matrix consists of the variance of the directly restricted

variables in the unrestricted population. Therefore (after taking the square root of these
variances) to estimate the 

~~~

. of the incidentally selected variables in the unrestricted
- - population , D can be converted into the correlation matrix D by:

r
~1

= Cov (V
~ V

~)/~ 
• i , j =  1, 2 , . • ., a+t .

- 

In the example , only the 11 x 11 matrix of correlations of the ACB-61 subtests were
included in ~ . This is because the composite tests are linear combinations of the

- aa
ACB-61 subtests; and , since Caa 

must be computed in the correction equation , only

linearly independent variables can be included in the set of directly curtailed variables.
Figures 2 and 3 show the ~ and b matrixes in PlEAD (an administrative school)
divided into submatrixes.
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COMPARISON WiTH ANOTHER TECHNIQUE

Another method for correcting for range restriction is given by Thorndike
(refe rence 6). This method was originally developed by Karl Pearson , and is actually
just a special case of the multiple curtailment model already discussed . Thorndike’s
method assumes direct curtailment on only one variable. It has the advantage of being
easier and requiring less info rmation than the equations used for multiple direct curtail-
ment . However, it is neither as genera l nor , as will be shown empirically, as accurate
as the multiple direct curtailment model .

When only one variable has been directly curtailed , there are two hasic formula s for
correcting for range restriction . If variable 3 has been restricted , then R 12, defined

to be the corrected correlation coefficient between variable 1 and variable 2 , is given
by:

f U 3r12 +r 13 r23 ~~~ ——~~~~ -1

R

~~~~~
(+r 13

2 

(
~~ 

~)) (1+r232(~~~ 
-))

where r .. is the uncorrected correlation coefficient between variable i and variable j,
1J

the standard deviation of va riable 3 in the unrestricted population , and S3 the standard

deviation of variable 3 in the restricted population. When variable 3 and variable 1 are
the same , the above equation reduces to:

r12
1

R = 
1

12

In order to check and compare the two correction methods, a test was conducted . A
correlation matrix of the 11 ACB-61 subtests was calculated for each of 26 Marine schools
with sample populations of 225 to 2,400 students.
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A correlation matrix of the same 11 variables was calculated from the sample of
60,000 FY-1975 Marines. As before , this matrix was assumed to represent the “true”
correlation matrix in the general population. In order to use the multiple curtailment
method, the first seven ACB-61 subtests were arbit rarily designated as the directly
restricted variables. That is , the 7 x 7 variance-covariance matrix of yE , AR , PA , CI ,
MA , ACS, and ARC (computed from the data on the 60,000 Marines) m ade up the D

matrix of the model , while the variance-covariance matrix of all 11 subtests computed
from each school s data made up the C matrix. The range correction equations gave
an estimate of the 4 x 4 cc~rruh~’ on. matrix of subtests subject to “incidental” curtailment ,
and 4 x 7 and 7 x 4 submatth. ‘.n ind t rectly and direct ly curtailed variables.
Comparing these submatrixe- ~sponding submatrixes of the true correlation
matrix gave an indication of ~ - if the range correction equations. Similarly,
assuming direct curtailmer.t ‘n~, each school’s correlation matrix was corrected
for range restriction , using Thornu Lke ’s equations .

The matrix of correlations found by using each of the two methods was subtracted
from the matrix of true correlations , and the entries of the three difference matrixes
were squared and summed . To fairly compare the two correction techniques , the
entries in the 7 x 7 stibmatrix of differences of correlation coefficients of the first seven
variables (the variables on which direct curtailment was assumed in the multiple curtail-
ment method) were not squared and summed.

Expressing this in matrix notation , let M(i , j ) be the correlation matrix corrected
by the multiple curtailment method. Sim ilarly, let S(i , j) represent the matrix corrected
by assuming direct curtailment on only a single var iable , yE. Let T(i , j ) denote the
“true” correlation matrix . Then , define the multiple variable index of accuracy (MVA )
as:

MVA = T(i , j )  - M(i , j )  
2

i or j > 7

and define the single variable index of accuracy (SVA ) as:

SVA = i-’. ~T(i ,j )  - S(i~J))

iorj>7 .
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Table 2 shows the SVAs and MVAs for each of the 26 Marine Corps schools . Table 3
gives the names and abbreviations of the schools used in table 2. Tables 4 through 9
show the relevant matrixes for one school , AGA FAM.

With respect to the test used in this analysis to check and compare the two correction
methods for range restriction , the multiple curtailment method is superior to Thorndike’s.
This conclusion is based only on empirical evidence . However , in many cases there are
theoretical reasons for assuming that more than one variable is directly curtailed . In
addition , the multiple curtailment method allows the analyst to use all of the true corre-
lation coefficients available. This last reason is particularly important if one wants to
use the corrected correlation coefficient matrix in a multiple regression or factor
analysis.

-14-
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‘ TABLE 2

SVA AND MVA FOR 26 MARINE CORP S SCHOOLS

School SVA MVA SVA/MVA

FOODSER .1950 .0738 2.6
MP .5329 - .2464 2.2
AGAVCC .3640 .2075 1.8
AMMOT .9894 .2067 4.8
EEMECH .5970 .2107 2.8
IWPRPR .8314 .3294 2.5
COSPEC .4656 .1365 3.4
AGAZ 1.0887 .4731 2.3
AGM.AROC .2650 .1408 1.9

(W)SEADU .4098 .1739 2.4
(E)SEADU .6699 .2222 3.0
CBTENG .5091 .2614 1.9
FARTYFC .6064 .1802 3.4
AGAV 5.5397 2.3412 2.4
AGAVR 7.1142 2.6134 2.7
BECFO3 2.9298 .5522 5.3
BECF1O 1.7401 .4715 3.7
HQBAD .5822 .0994 5.9
AGMA RA K .3993 .1332 3.0

AUTOMEC .4408  .1153 3.8
AGADJ .9310 .1624 5 . 7
AGBI-IEL 1 . 2 0 2 9  .082 6  14.6
PIBAD .1727 .0768 2.2
COMMCTR 3.2016 .1876 17.1
FRADI O 1.0343 .2680 3.9
AGAFAM .3292 .0472 7.0

-15-

_______ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -



— __~ -._,.-.--. --- ~~- —_. .‘-.~--- - - -._ --_ ._ - -.----- -~ —. .-~..- - --.- --.~~~_—--  , - ,—.—-—--—- ~ - _-
~~~~~~ -~~~ ,—1.—’. ._.~~-,. ,“.,—_-- — ———5.—,.——- ——-

TABLE 3

NAMES AND ABBREVIATIONS FOR
26 MARINE CORPS SCHOOLS

Abbreviation Title

FOODSER Basic Food Service Course
MP Law Enforcemen t (MP) Course
AGAVCC Aviation Crash Crewman Course
AMMOT Ammuni tion Storage Course
EEMECH Basic Engineers Equipment Mechanics Course
IWPRPR Small Arms Repair Course
COSPEC Law Enforcement (Correc tions Specialist ) Course
AGAZ Aviation Maintenance Administration
AGMAROC Marine Aviation Operations Clerical

(W)SEADU Sea Duty Indoctrination Course (Wes t Coas t)
(E)SEADU Sea Duty Indoc trination Course (Eas t Coas t)
CBTENG Basic Comba t Engineer Course
FARTYFC Field Ar tillery Fire Control Course
AGAV Avionics Technician Course
AGAVR Avionics Repair Course
BECFO3 Radio Fundamentals Course
BECF1O Ground Radio Repair Course
HQBAD Basic Adminis tration Course (Camp Pendleton)
AGMARAK Marine Aviation Supply (Mechanical)

AUTOMEC Basic Auto Mechanics Course
AGADJ Aviation Machinist Mate (Jet Engine) Course
AGBHEL Basic Helicopter Course
PIBAD Basic Adminis tration Course (Parris Island)
COMMCTR Communications Center Man Course
FRADIO Field Radio Opera tor Course
AGAFAM Aviat ion Fami l i a r i za t ion  Course

-16-
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- APPENDIX A

FORTRA N PROG RAM

This appendix is the program used to correct the effects of multiple curtailment on
the correlation matrixes of 84 Marine Corps schools .

The notation used in the program is slightly different from the notation used in this
report . For example, £) and C~ are denoted by DPRIM E and CPRIME . Also, instead of
using “t” as a subscript , “x” is used; for example , the matrix DXA in the program
corresponds to D

~ 
in the report. Finally, since the Caa matrix is inverted , we used

the IBM routine IMINV .

t

- I

I
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PROG~ APf RAN GE -

DIPENSIOW L M (t l I , I l P I ( 1 1)
PEAL DSIGMA (2T),CPPIME 2O ,20),CSIGMA (27),CPRIME 2T ,2?),CXXIIS ,1b),

4 C (27 ,27) ,DAA (20 ,20),HOL ’)Itt,ll),CAA (tt ,tt) ,CXAC I5,11 ) ,CP$EAPI (2?) ,
4CAXt t1,tF,). DXA (t~.,tt) ,DAX (t1 ,t6) , S (tL ,i1 ,,

INTEGER AA, T
C
C
C REA D IN AA ’ THE NUMBER OF DIRECTLY CURTA ILED VARIABLES
C

READ 967,AA
C
C
C .

C RcAO IN ‘OSIGMA ’ THE STAN DARD DEV IATIONS OF THE DIRECTLY CURTAILED
C REA D IN ‘OPRINE ’ THE MATRIX OF CO~REL A TXON S OF THE DIRECTLY
C CURTA ILED VARIABLES IN THE GENERAL PODULAT ION
C

FEAD 1t , ( DSt G MA ( I) , I~~t ,2O )
U0 782 121,20
PE.~D 542, (~ P R I M E (T ,J ~ ,J=I, 20)

C -
C
C
C CONVERT UPRIME INTO OA A ’  THE VA R IANC E—COV A R IANCE MATRI X
C

00 783 J ij ,20 -

763 OA4 ( I , . J ~~~OPRI NE( I,J ) ’OS1GMA (I) 0’osIr,sacJ l
762 CO;~TTNUE

C
C
C
C REA D IN ‘1’ THE NUMRER OF INDIRECTLY CURTAILED VARIA B LES ,  THE NAME
C OF’ TH IS SCHOOL , A ND t~’E NUMBER OF MEN IN IT
C

I READ t 0 0 5 ,  T ,NA MEI,H* M E2
IF (T.E’).O) GO TO 9999
READ t O O ,  XNO HEN
LZ T +AA
FRINT 1004, NAM E1,P4AME2, XNON EN, L

C
C
C
C READ IN THE ME ANS , STAN DA RD DEVIATIONS , AND THE MATRIX OF CORRELATIO NS
C FOR ALL THE V ART4f l LE~ (00TH CU RTA ILE D AND UNCURTALL EO) IN TMtS SCHOOL
C

READ It, ( C M E A N ( t ) , I~~t ,L)
FEAO t t . ( C S I G M A ( I I , I t ,L )
CO 92’. Isl,L

924 REA D 11, (CPRIME( I,J ) ,J ~~I,L)
C

BEST AVAII.A~~ COPY
A-2

—- - --- - -
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C
C
C CONVERT CPRIHE INTO V ARI A P4 C E— COV A ~~IANCE MAT t UX, ‘C’
C

CO 81,J~ I ,L
00 8t ,IoI,L

81 Ct! ,J)zCPRINE t!,J)9CSIG~ A (I)’CS~ GMfl tJ)
C
C
C
C SPLIT C INTO ITS CO MPONENT MATRICES, ‘CAA ’, ‘CXX ’ , ‘CXI’ , ‘CIV’
C

DO 113 Jal,AA
DO 1t3 I~~t ,A A
CA A ( I ,J 1~ C( I ,J )

113 ~4OLO (I ,J)~~CAA (j,J )
C

00 30 J 1,T
L A A +J
00 30 I~~t ,T
K 1A’!

30 CXXtI, J)~~C (K ,L)
C

00 ‘.0 Izt,T
K 1 1 +I
00 ‘.0 Jlt, A A
CXA (I,J)~~C (K,J)

‘.0 CAX (J ,I);C XA (I ,J )
C
C
C
C CALCULATE ‘OXA’ AND ITS TPAN SPOSE , ‘DIX ’
C
C FIRST INVERT CAl . PRINT OUT THE DETER MINANT OF CIA, AN D THE PRODUCT
C OF CAl AND ITS INVER SE TO BE SURE CIA IS NONS IMCU LAR
C

CALL IMINV CAA ,AA ,OET ,LM, MM )
PRINT 457 ,OET
IF (DET .EO .O) PRINT 129
03 1001 I=t,AA 

- 
-

CO 1001, J t , A A
SUM ; 0
ro 1002 K= j,AA

1002 SIJM = HOLD (!,V)’CAA(K,J )+SUH
1001 S (I,J) SUH

00 925 I;1,AA
925 PRI NT 926,(S (I,J) ,J2t ,AA )

PRINT 1001
C
C NO W CALCULATE OXA
C

00 76 I~ 1,T
00 78 J11 .AA
SUM .0
DO 178

176 SU ’IOCWA(I,K) OCAA K ,J +SUM
78 VXA(I ,J)2SUM

C 
00 103 Ia1,T - BEST MA1tABII CO~’(

A -3

L ~~~~ - _  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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00 103
SUNS 0
CO 104 I(s l ,AA

10’. SUM *VXA( I , K)~~OAA ( K,J),SUN
OXA (I,J)=SUN

103 OAX IJ, I) OXAI I,J )
C
C
C
C CALCULATE DXX
C
C FIRST CO MPUTE ‘DHtN U ~C’ ~OA X— CA X
C

00 79 J t,T
CO 79 1 t ,AA

79 CHINUSC (I,J):~)AXt!,J)—C A~~(I,J)
C

CO 63,J t,T
00 63 1 1,T
SUM zO
00 166 ‘C=l,AA

166 SU ’l=VXA (X, K) ’OMINUS CCK ,JI.SUM
83

C
C
C
C CONSTRUC T ‘OANSW E R’ FROM THE FOUR SUBMATRICES 011, DXI, 01*, DXX
C

00 92 I;1,T
L I+AA
00 92 J ; 1,AA
OAPI SW ER (L ,J )~~OX A (I,J)

92 DA ’ IS WE P(J ,L )= CA NSWER ( L ,J )
C

00 93 J 1,T
P’s A A+J
00 93
L *4+!

93
C

00 91 J t ,20
00 qI 1 1,20.

91 CA 1!WERU, J )=OAA (I,J )
C
C
C
C COMPUTE THE STANDARD DEVIATIONS OF THE INDIRECTLY CURTAILED VAR IAB LES
C

L T+ AA -

00 95 1 2t ,1
95 C S I G M A ( t ) = S O P T ( OA N S W E R ( I , I ) )

C
C
C
C CONVERT OA NSWE R INTO THE CORRE LATION MATR IX ,  ‘OCORR ’
C

00 9’. J 1,L
00 94

9’. OCOR RI I , J ) =DA NSW ERg I ,J ) / ( DS IGMAI I ) ’ DS I G HA (J ) )

8ES~ ~V P~U.AB~1 ~O~’i 
A -4 

- :
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C
C
C
C OUT PUT THE “EANS , STAND AR D DEVIAT ION S AND C’)RRECTE3 CORRELATION MATRI X
C

PRINT 100e, CM E:ANU) , I= t , IP
• W~ I’E ( t , t 2 ) , (C P I EA N I I ) , I : I , L )

PRINT 1008, (OSIG I- ’4 ( I) , I= l ,L I
WRITE ( 1,12) ,(DSI& MA(I ) ,I=t ,L)
00 927 1=1,1
WR ITE ( t ,tI) , ( D C O P R ( T ,J ) , J 1,L~92? PRINT 1100 , (OCORR(I,J),J 1,LP
ENOFILE I
GO TO 1

C
11 FO RMA T (I5 F IO .7 I

12 FOR ’ J A T( 8 F t O .61
100 FORMA T(F4 .0)

129 FORI’*T(lH , S INr,ULAPITY’)
457 F9~ MA T ( t W O , ST$4 E OET :~~,Et4 .7P
542 FOP.MA T (IF1O .7/ 8F10.7/4F10.7)

926 FO~ MA T (1X ,2QF6 .3)
967 FO0MI T (12)
1004 FO~ MA T(1Ht,~ THIS IS SCHOOL ~~~~~~~ WITH 5,F4.O,5 MEN ’,//,

1’ L IS ~,T5)
1005 FOR MAT(12 ,2A71
100’i F0’~HA T ( A 7 )
100? FO~tN~ T (///)
1008 FO~ MAT(IX ,1OF12 ,7I
1100 FO~ MA T ( j X ,j O Fj O ,7 )
9999 STOP

SCOPE
K 00 LO AD

I
.

BEST AVA1L4B~E COPY
A-5

_ _ _  _ _ _ _ _ _  _ _ _ _  _ _
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APPENDIX B

APL PROGRAM

This appendix contains an APL version of the computer program used to correct for
multiple curtailment . The definit ions of variables are given below; the names in paren-
theses are the names of the corresponding variables as given in the text .

ALLCOR - matrix of correlations of directly restricted
variables in the general population (b ).
Must be supplied . aa

CLASSCOR - matrix of correlations of all variables in
restricted population (ê). Must be supplied.

ASIZE - number of directly curtailed variables (a).

XSIZE - number of indirectly curtailed va riables (t).

C - variance-covariance matrix computed from
CLASSCOR (C).

CAA , CXA , CXX - variance-covariance submatrixes of C (C
C , C ) .  aa

ta tt

DAA - variance-covariance matrix computed from
ALLCOR (D ).aa

DXA , DXX - variance-covariance matrixes computed by the
program (Dta~ 

D~ ).

ANSWXA ,ANSWXX - correlation matrixes computed from DXA and DXX

~
5
ta’ ~~~

SIGC , SIGD - vectors of standard deviations in restricted and
general populations , ((ofl , [~~~~~~)), 

respectively .

The actual correction equations are found in statements 28 through 31 • The rest
of the program initializes the arrays and converts to and from correlation and variance-
covariance matrixes.

B-i
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V A~~~(’()R (‘O.’?PT’~~” Tfl ” AT ,T~C0R
(1] ASIZi~.’1f(t~Itht,COR )
( 2 ]  X~ 1 + 1 s ( ( p C T . A~ : 01?) -pA T.1~t~OR)
(3]  ~~~~~~~~~~~~~~~(‘ .] C.(2’0~~~~, P’A r,) p o
(5)  ~~~~~~~~~~~~~~~~~(6]  A11sw:~x.(x.~rz~’,’-’7rzr)p o
(7 ]  A~’~~~1+(X517•?,A.’~I~~ )p 0
(A) ~CO~7VT~RT “0 VAR-CO VA R ~ 1~’~~

’C!7~7C c ) )  I~~i
(10] 7~’(7 ,?÷ T

(i i] C E I ; J ) + C ( , T ; I1 l,A f C P ) R E I ; J ] X S I C C C I ] X R I C E ’ t , T)
(12) .‘-i-~T+1
(13 ] .CoT,x~~(,T~ TO~’A !; )
(1’.] Ii-I+i.
(i s ] +.1~0 T ix t (I � T0TA T~)
(16] CAA+ (ASIZ~ ,i~7T7~’)+C( 17J C,1’+ (ASIZ ’._XSIZr)+C
( i n ]  CXA’-~CAX( iq )  CXX-.-(-XBI ,J’RIZR)+C
(2 0 ]  AFO.RP ’ DAA
(21] 1+1
(22] ~0~’1 :J- i- T
(2 3 )  C0T,1:flAA (I;J]+PAA [J;I]4-AT,TC0R (I;j)x~I(W(I)xPICP(.T]
(2 4 ]  J~-j+1( 2 5 )  *C0T ,1xt ( ,T~A5IZ7~’)
(26) i~I+1
(271 ~ ?OW1x~ (I~AS TZ ’)
t2n) VXA—CXA + .x FQCAA )
( 2c ) ]  )X A i~YvA + . x PA A
(30] Dr1C~~ — ( t~DY A ) - C A X
(31] DXX ÷C:~~+ ( V7,4 + .  xfl ;4cA;~)
( 3 2 ) ~C0r1VRJ?~’ n!A A ’T) fl7X fl/ (~~ ”(~ C0~ RP~T~A 10’1 ~1A~ RI~.~ S(33) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
( 3 4 ]  1+1
(35] ROW2 :.T.I
(36] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(3 7) •T.,. .74 j

( 3 A ] ~ C Of 2 x ~~(J ~ X S I Z ~~)
(3q] 1.1+1
(403 +R0W2xt(I~XSfZV) 

- 
-

(4 1 )  A~?Rr ’x: c (:~’sxz ~~; ]~ A~’!~ ’~ YE ;XSI7~ ]( ‘ .2) ~NOW P0 ViA(‘ .3] r i-i
(4’ . )  RO ’~3 : j ’i-i
( ‘iS]  COT,3 :A1/ ~ W X A tI ; , T ] ÷ D ~ A (I ; j ] * (R I Cf l t A RI 7,”+ I ] x 7 I ( 7 T ~(, T ] )  4
( ‘. 6 ]  J ~.-,T~ j
(‘.7] .C 0 1, 3x t ( .T~c A SI ZR )
(4R) 14-1+1
( ‘.9)  - .R0W3xi(I�X/?IZ1 ~’)
( 5 0 )  ‘ TFfl~’ RRSYLTIP? ( ~ CORR?IC TRJ) co!?R!~r.,v”ror! MA~’RIX ic’
(51] ri .(A T, 1,e0R, ( 1] A ~’S w X A ) , ( ( ~ A~1/ r ’ YA) , ( i )A r 1 t~WX.Y)

V
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APPENDIX C

EQUALiTY OF PARTIAL CORRELATIONS

One of the key assumptions in deriving the range correction equations is that after
the effects of the explicitly selected variables are part lalled ouç the correlations between
the variables subject to incidental selection in the restricted population are the same as
the analogous correlations in the uncurtailed population. This appendix indicates how
this assumption is valid in the example of the Marine training schools .

Just as in the COMPARISON W ITH ANOTHER TECHNIQUE section of this report , the
f irst  seven ACB-61 subtests were arbitra rily designated as the directly restricted va riables
for four Marine training schools . Ta ble C-i shows the part ial correlations between the
other four variables (i.e., the incidentally selected variables) controlling for the effects
of the directly restricted variables in both the school population and that of all FY-1975
Marine recruits.

The similarity of the first four columns of table C-i and the last column indicates that
this key assumption is just ified when severa l variables are the basis of curtailment.
Similarly, table C-2 shows the accuracy of the assumption that is used when only one
variable is the basis for curtailment.

TA BLE C-i

PARTIA L CORRELATIONS BETWEEN THE LAST FOUR ACB-6 1
SUBTESTS CONTROLLING FOR THE FIRST SEVEN SUBTESTS

All Marine
School recruits

Variable pair AGA FAM FRA DIO COMMCTR PIBA D in FY [975

ELI withAI .32 .33 .31 .37 .34
ELI with SM .22 .24 .20 .27 .24
ELIwith GIT .20 .08 .13 .20 .18
AIwith SM .43 .44 .45 .44 .42
AIwIth G1T .34 .32 .39 .29 .31
SM with GIT .29 .24 .28 .26 .23

C-i

________ 
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TABLE C-2

PARTIAL CORRELATIONS BETWEEN THE LAST FOUR ACB-61
SUifFESTS CONTROLLING FOR THE FIRST SUBTEST

All Marine
School recruits

Variable pair AGAFAM FRA DIO COMMCTR PIBA D In FY 1975

ELI withAl .41 .37 .42 .55 .45
ELIwith SM .33 .29 .35 .53 .38
ELI with GIT .28 .13 .24 .47 .29
Alwith SM .53 .53 .55 .64 .56
AIwIth GIT .43 .39 .47 .52 .43
SMwith GlT .40 .35 .39 .61 .39

C-2
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