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Test Bias: Validity of the Scholastic Aptitude Test for
Negro and White Students in Integrated Colleges

Abstract

For this research, a test was said to be biased for members of a subgro.p
of the populatior it, in the prediction of a criterion for which the test was
designed, consistent nonzero errors of prediction are made for members of the
subgroup. Samples of Negro and white students from three integrated colleges
were studied. In the two eastern colleges, no significant differences in the
regression lines were found. In the one college in the southwest, significant
differences were found, but it was the Negro scores which were overpredicsed.
Thus, in one of the three sc:l00ls, tche Scholastic ptitude Test wag found to

be slightly biased, but biased in favor of' the Negro student.




Test Bias: Validity of the Scholastic Aptitude Test for
Negro and White Students in Integrated Colleges

T. Anne Clearyl

In a recent paper, Cleary and Hilton (1966) discussed one possible
interpretation of test bias. According to that definition, an item of a test
is considered to be biased for members of a particular group if the item
produces an unconmon discrepancy between the performance of that group and
the performance of other groups. That is, the members of the group obtain
an average score which differs from the average score of other groups by
more or less than expected from performance on other items of the same test.
In terms of the analysis of variance, bias was defined as an item-group
interaction. On the basis of their data, Cleary and Hilton concluded that
the items in the Preliminary Scholastic Aptitude Test are not biased, and
that, if the PSAT is discriminatory, the discrimination is not largely
attributable to particular sets of items,‘but to the test as a whole.

Another definition of bias is possible. The definition of bias used in
the present study is concerned with the test as a whole used as a predictor:

A test is biased for members of a subgroup of the population if, in the
prediction of a criterion for which the test was designed, corsistent nonzero
errors of prediction are made for members of the subgroup. In other words,

the test is biased if too high or too low a criterion score is consistently
predicted for members of the subgroup when the common regression line is used.
With this definition of bias, there may be a connotation of "unfair,"

particularly if the use of the test produces a prediction that is too low. The
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present research was concerned with this secornd definition of bias: The
prediction of college grade averages from the Scholastic Aptitude Test (SAT)
for Negro and white students in integrated colleges was studied.

The validity of the SAT as a predictor of college grades for Negroes irn
Negro collegrs appears to be at least as good as the typical validity for
white students. Hills, Klock, and Lewis (1963) report correlations of SAT
verbal and mathematics scores with first year average grades for freshmen
entering both the Negro and white colleges in the Georgia State University
System. The lowest correlations for both male and female students were found
in the white colleges rather than in the Negro colleges. The validity of the
test in Negro colleges is made more striking by the fact that the standard
devistion of the scores in the Negro colleges was approximately half that in
the white colleges.

Data reported by Hills (196&) for the four academic years 1959 through
1962 in the Georgia State University System were subjected to analyses of
veriance by Biaggio and Stanley (1964). They found that, when a correction
for restriction in range was applied, the correlations of test scores with
freshman grades were significantly higher for the Negroes than for the non-
Negroes. When the restriction in range was not considered, they found that
the correlations were significantly higher for non-Negro females than for
Negro females, but there were no significant differences among males.

Stanley, Biaggio, and Porter (1966) extended the Biaggin-Stanley (196k)
study to cover six years, 1959 to 1964. When correlations with grade-point
average, corrected for restriction in range in the predominantly Negro colleges

and t:ansformed into Fisher's Z , were subjected to four analyses of variance
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(SAT-V for men and women, SAT-M for men and women), they were found to be
significantly higher in the Negro colleges. When the original correlations
were used in the analyses of variance, no significant differences between Negro
and non-Negro males were found, but the correlations for non-Negro females
were significantly higher than for Negro females. Stanley, Biaggio, and
Porter concluded that SAT-tvpe test scores are valid for the prediction of the
college grades of Negroes competing with Negroes and taught primarily by Negroes.
McKelpin (1965) studied the prediction of freshman grades from SAT scores
and high school avereage in the predominantly Negro liberal arts college, North
Carolina College at Durham. He found validities that were as high as those
commonly reported in the literature.
Roberts (1962) found that, in a sample of 129 Fisk freshmen, SAT-V scores
had a correlation of .63 with freshman grade-point average, and SAT-M scores,
g correlation of .68. In 196k, Roberts reported the correlations for 1962

freshmen in eight Negro colleges with sample sizes ranging from 40 to 203.

The median correlations with freshman grade-point average vere:

Male Female Total
SAT Verbal .52 19 .50
SAT Math RIS .51 L7

These correlations are similar to those observed in other populations.
When SAT scores have been used in combination with high school rank,

similer multiple correlations have been found in both Negro and white colleges

(Olsen, 1957; Roberts, 1964).
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A question has been raised, however, about the validity of the SAT for
predicting academic success of Negro students in integrated colleges. Clark
and Plotkin (1963) studied a group of students who had applied for aid from
the National Scholarship Service and Fund for Negro Students in order to enter
interracial colleges in the years 1952 to 1956. Complete information was not
available for the entire sample, and at times it is difficult to determine
which subsample was used for a particular comparison. Nevertheless, Clark and
Plotkin suggest that perhaps the SAT is not a valid predictor of academic
success for Negroes in integrated colleges. They found that while the SAT did
discriminate between those who completed college with a B+ or higher average
and those who completed college with a C+ or lower average, it did not
discriminate between those who completed college and those who d4id not graduate.
A possible explanation for the lack of relationship between grades and SAT
scores is severe restriction in range; those students for whom complete
snformation was available were a highly selected group. Campbell (1964) has
pointed out that the colleges attended by these students varied widely in
degree of selectivity and that it is not unlikely that those of higher ability
went to more selective colleges where their grades were perhaps lower than
might be expected at a less selective school. Since the same weight was
given to grades achieved regardless of college attended, the relationship
between grades and ability would be attenuated.

Clork and Plotkin (1963, p. 21) also state that the academic performance
of the students they studied was far beyond the level that would be indicated
by such predictive indices ag¢ College Board scores. Whatever the inadequacies

of the Clark and Plotkin study, such a discrepancy deserves further investigation.
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An important aspect of bias is that concerned with the predictive validity
of the test. If the regression of the criterion on the test is the same for
different groups, the test cannot be said to be biased in terms of its
predictive validity. If the intercepts of the regression lines are different,
consistent nonzero errors of prediction will be made within each group. The
purpose of this research was to study the regression of college grades on the
SAT for Negro and white students in integrated colleges. Because high school
renk-in-class is generally used with the SAT for the prediction of grades,
rank-in-class was included in the analysis when possible. To determine whether
differences in the regressions for Negro and white students were due to
differences in curriculum and therefore in the criterion, a sample of white

students matched with the Negro students on curriculum was also studied.

SamEle

Two major difficulties were encountered in the selection of a sample for
this research. In order to compare the regression lines for Negro and white
students, it was necessary to find a sufficient number of Negro and white
students in the same college. In initial inquiries at various integrated colleges,
it was discovered that administrators and faculty tended to overestimate the
number of Negro students on the campus. When an actual count was made at some
of these colleges, there were too few Negro students to make the analysis
feasible. Considering the percentage of the population of the United States that
is Negro, the scarcity of Negro students in the integrated colleges is disturbing.

A second difficulty encountered was the jdentification of the Negro

gtudents. Most schools had no record of the race of their individual students.
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Perhaps, this situation will change in the future as it is realized that records

are necessary for any investigation of bias or, more generally, equal oppor-

tunity.

Three schools were used in the study:

School 1 is an eastern, state-supported- institution with approximately
5000 male students. The race of the students was jdentified by having two
persons examine independently the standard identification pictures in the
school files. Wherever there was disagreeﬁ;nt, a third judge'was used. If
agreement could not be reached, the student was classified as white.
Corroboration was obtained from a list of Negro students provided by the NAACP:
five students not on the NAACP list had been classified as Negro, and one
student on the NAACP list had 5een classified as white. The five students
not on the NAACP list were retained as Negroes after further examination of
the identification pictures. The race code of the one student who was on the
NAACP list but who had not been classified as Negro was changed to Negro.

Three samples were selected from school 1:

Group 1: All Negro students,

Group 2: A sample of white students matched with the Negro
students on curriculum and class, and

Grour 3: A random sample of the white students.

School 2 is also an eastern state-subsidized school with approximately
10,000 full-time students. The Negro students were again identified by two
persons examining the school identification pictures. When the curriculum
and class were tabulated for the Negro students, it was discovered that most

of the Negro students (8% out of 148) were freshmen in Liberal Arts. The
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remaining Negro students were scattered throughout the other eight curricula
and three classes. To make the analysis less complex, only two groups of
students were used:

Group 1: All Negro freshmen in Liberal Arts, and

Group 2: A random sample of the white freshmen in Liberal Arts.

School 3 is a state-supported institution in the southwest with approxi-

pately 6000 students. Race was identified by the Admissions Office. Three
groups were used:

Group 1: All Negro students,

Group 2: A sample of white students matched with the Negro

students on sex, class, and curriculum, and

Group 3: A random sample of the white students.

Variables

The criterion in each school was grade-point average (GPA). 1In all cases
the grade-point average was converted to a 1 to L scale in which U represents
the high end of the scale or a grade of A. Unfortunately, the grade-point
averages ohtained from the aifferent schools have slightly different origins.

In school 1, where all four classes were used, the grade-point average
used was the average obtained at the end of one year in the school. In most
cases, the average was obtained at the end of the freshman year; in a few
cases of transfer students, however, the average was based on more advanced
courses. Only freshman Liberal Arts students were used in school 2, so all
grade-point averages were from the end of the freshman year. All four classes
of school 3 were used and the grade-point average was the latest cumulative

average obtained by the student.
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The primary predictors were the Scholastic Aptitude Test verbal (SAT-V)
and mathematical (SAT-M) scores. In all cases these scores were obtained from
the school records.

For students in school 2 and school 3, it was possible to obtain high
school rank-in-class (HSR). In school 2, rank was recorded in quintiles, but
these were converted so that the resulting scores were: 10, 30, 50, 70, and

90, with 90 representing the first quintile and therefore the top of the

class. In school 3, rank was recorded as a normalized score ranging from 25
to 75, with 75 indicating the top of the class. In school 3, rank~in-class
was available for only about 50%, so the analyses were repeated using high

school grade average (HSA), which was recorded on a scale ranging from 1 to 1k,

f with 14 representing the equivalent of an A+.

Method of Analysis

Correlations were computed among the variables available for each group
within each school. For the correlations, all students who had each pair of
scores were used for the calculation of the correlations between those scores.

To determine whether the regressions of grades on SAT scores and high
school rank were different for the groups of students within each of the three

- schools, the regrescion tests of the analysis of covariance were used. The
calculations were performed by a method due to Beaton kl96h).

The model for the regression tests with two predictors is

E Yig =y + Blvig + B2Mig + “g + blg Vig + b2g Mig ,
5 where
A
Yig is the predicted criterion score for individual 1 in group §;

g e T T
E




-9-

p 1is the constant term common to all groups;

Bl is the component of the regression coefficient for the predictor, V,
that is common to all groups;

B2 is the component of the regression coefficient for the predictor,
M, that is common to all groups;

pg is the constant term for group g;

blg and b2g are the regression coefficients that are applied only

in group g.

The method of analysis makes it possible to test two hypotheses:

(1) Equality of Slopes: blg = b2g = 0. This hypothesis states that,
within each group, the validities of the predictors are the same. If the
hypothesis is true and the b's are removed from the model, then the only
remaining factor unique to the individuasl groups is the constant, ug
The results of the previous studies of Negro students in Negro colleges
indicated that the slopes would be equal within groups. If this hypothesis
is rejected, the second test cannot be performed.

(2) Equality of Intercepts (given that the slopes are equal ): by = 0 (for
all g). ug is the constant term that is uniéue to group g. If all ug are not

zero, then consistent nonzero errors of prediction are being made within the

groups and the test must be considered biased by the definition of this study.

Results
Tables 1, 2, and 3 give the intercorrelations within each of the groups in
the three schools. In school 1, the correlations of SAT-V with GPA are almost

jdentical in all three groups. SAT-M, however, has its lowest correlations in
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the Negro sample and its highest correlations in the random white sample. It
would seem that curriculum differences are, at least in part, concributing to
the lower SAT-M correlations in the Negro group, as the SAT-M correlations in
the metched white sample are also lower than those in the random white sample.
The standard deviation of SAT-M is gsmaller in the Negro sample than in the other
two groups, but this is not an adequate explanation of the reduced correlation

because the standard deviation of SAT-V is also smaller in the Negro group.

------------------------------------

-----------------—------------------

In school 2, none of the validities is very impressive. All of the
correlations for the Negroes involving high school rank-in-class are essentially
zero. High school rank-in-class was a gross measure, quintiles, but this would
not account for the differences between the two groups. The near zero correla-
tions among SAT-V, SAT-M, and HSR in the Negro group are perhaps caused by
the selection procedure of the college. If a composite score is used for
selection and the selection ratio is small for a particular group, reduced
correlations among the elements of the composite will be observed in the
selected group.

In Table 3, the similarity of the correlations for all three groups is
rather striking in view of the discrepancies among the variances and means.
All the correlations with GPA are quite high.

The results of the regression tests are presented in Tables 4, 5, 6, and
7. The first hypothesis, equality of slopes, is not rejected in any of the

three schools. The second hypothesis, equality of intercepts, is not rejected

in school 1 or school 2, but is in school 3.
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At the bottom of Tables 4, 5, 6, and T are the equations or wilhin-group
regression lines and the conmon repgression line. 'The similarity ol ihe
predictions from each of the equations can be seen by substituling commun
values of the predictors into each equation. In school 1, if a student has
a score of 500 on both SAT-V and SAT-M, his predicted grade-point averages
from the different equations will be: Negro, 1.86; matched white, 1.87;
random white, 1.95; common line, 1.91. 1f the student has scores equal to
the average scores given in Table 1 for Negroes, his predicted grade-point
averages will be: Negro, 1.82; matched white, 1.89; random white, 1.98;
common line, 1.92.

In school 2, if a student has SAT scores of 500 and rank-in-class of 50,
nis predicted grade-point averages will be: Negro, 1.92; white, 1.85;
corron line, 1.36. If the average scores for Negroes are used, the predicted
crade-point averages are: Negro, 1.b%, white, 1.87; common line, 1.86.
Clearly, in either school, it makes little difference.which regression line
:s used with these predictor scores. The differences between the predicted
s~ores are small and insigrificant, tut in both schools the common equation
predicts a higner score than the Negro equation when predictor scores are
equal <o the average scores for the Negro students.

in school 3, a sigrificant difference in intercepts was found in both
analvses. wne differences are not strixing, but *the large sample size makes
the <est powsrfil. If the regression lines from Table 6 are used, a student

wisx I T geores of 300 arnd HSE of 50 will have predicted scores: Negro, 2..0;

\J1
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matched white, 2.58; random white, 2.27; common line, 2.26. If the student has
the average scores of Negroes, his predicted scores will be: Negro, 1.96;
matched white, 2.46; random white, 2.53; common line, 2.4k. For both sets of
predictor scores the grade-point average of the Negro students is overpredicted
when the common regression line is used. If the regression lines in Table 7
are used, a student with SAT scores of 500 and HSA of 10 will have predicted
scores: Negro, 2.34; matched white, 2.68; random white, 2.59; common line,
2.58. If the student has scores equal to the average scores of Negro students,
his predicted scores will be: Negro, 1.82; matched white, 2.28; random white,
2.31; common line, 2.23. Again, for both sets of predictor scores, the Negro
student's grade-point average will be overpredicted when the common regression

line is used.

Conclusions

The schools used in ‘this study do not represent the full spectrum of
colleges in the United States, so general conclusions cannot be reached. In the
three colleges studied, however, there was little evidence that the Scholastic
Aptitude Test was biased as a predictor of college grades. In the two eastern
schools, there were no significant differences in the regression lines for ,
Negro and white students. In the one college in the southwest, the
regression lines for Negro and white students were significantly different:
the Negro students' scores were slightly overpredicted by the use of the
common regression line. Thus, where the Scholastic Aptitude Test was found

to be biased, it was biased in favor of the Negro student.
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Table 1

School 1

Means, Standard Deviations, and Intercorrelations

525

1.82

Mean

551

598

2.23

Mean

542

571

2.18

Group 1 (Negro)

Intercorrelationsa
Standard
Deviation SAT-V SAT-M GPA
67 - .12 L7
(59) (59)
Th 12 - .01
(59) (59)
.65 L7 .01 -
(59) (59)
Group 2 (Matched White)
Intercorrelationsa
Standard
Deviation SAT-V SAT-M GPA
83 - .1k A5
(60) (60)
79 .1k - .25
(60) (60)
.67 45 .25 -
(60) (60)
Group 3 (Random White)
Intercorrelationsa
Standard
Deviation SAT-V SAT-M GPA
7 - b7 ey
(118) (118)
83 LT - A1
(118) (118)
.58 45 L1 -
(118) (118)

aSample size appears in parentheses below the correlation.
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Table 2

School 2

Means, Standard Deviations, and Intercorrelations

Mean

4186
L68
60

1.80

Mean

502
517
o7

1.94

Group 1 (Negro)
Standard
Deviation

67

68

20

.69

Group 2 (White)
Standard
Deviation

80

85

22

.83

. a
Intercorrelations

SAT-V SAT-M HSR GPA

- .09 -.13 .26

(83) (67) (83)

.09 - -.15 17

(83) (67) (83)

-.13 -.15 - .02

(67) (67) (67)
26 17 02 -

(83)  (83) (67)

. a
Intercorrelations

SAT-V SAT-M HSR GPA

- .37 .27 .38
(365) (346) (365)

.37 - 22 .30
(365) (346) (365)
.27 22 - .38
(3u6)  (3L6) (3u6)

.38 .30 .38 -
(365)  (365) (346)

aSample size appears in parentheses below the correlation.




-18-

Table 3
School 3

Means, Standard Deviations, and Intercorrelations

Group 1 (Negro)
Intercorrelationsa
Standard
Mean Deviation SAT-V SAT-M HSR HSA GPA
SAT-V 338 71 - 51 56 .37 b7
(131) (52) (131) (125)
SAT-M 371 66 .51 - .63 .35 A7
(131) (52) (131) (125
HSR 63 T .56 .63 - .89 .61
(52) (52) (52) (48)
HSA 9.9 1.8 37 .35 .89 - .51
(131) (131) (52) (125)
GPA 1.81 .56 AT Ry b1 .51 -
(125) (125) (48) (125)
Group 2 (Matched White)
' Intercorrelationsa
Standard
Mean Deviation SAT-V SAT-M HSR HSA GPA
SAT-V L26 96 - .59 148 .36 .53
(258) (1hh) (258) (2h2)
3 SAT-M 455 101 .59 - Lk .36 Ll
N (258) (1bk) (258) (2k2)
HSR 54 9 U8 Al - .92 67
(1hk) (1hh) (1hk4) (135)
HSA 8.7 2.3 .36 .36 .92 - .6l
(258) (258) {1hl) (¢h2)
GPA 2.28 .68 .53 A1 67 an -
(242) (242) (135) (242)
aSample size appears in parentheses below the correlation.
i
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Table 3 (contd.)

Group 3 (Random White)

Intercorrelationsa
Standard

Mean Deviation SAT-V SAT-M HSR HSA GPA
SAT-V 436 100 - .62 18 L5 L7
(2325)  (1300)  (2325)  (2181)
SAT-M 461 101 .62 - 45 10 .39
(2325) (1300) (2325) (2181)
HSR 55 9 48 15 - .89 .66
- (1300) (1300) (1300) (1236)
HSA 9.0 2.2 A5 .40 .89 - 6L
(2325) (2325)  (1300) (2181)

GPA 2.38 .70 R .39 .66 6L -

(2181) (2181) (1236) (21é1)

a'Sample size appears in parentheses below the correlation.




9 A

J Iad3xe] JO
w £3TTTqRqOId
1

ote-

J 198I%] JO
£3¥TIqQEBqQOLd

66°T

oT3ey 4

on'T

o138y 4

WQLTIOO® + AEHS00® + GGT°-
W99TO0* + ASEEOC" + 9€9°-
WTHOOO® - AE9HOO® + HGe' -

26 = uorqeTaxaoo aTdTIITNN
W92TOO® + ASHEOO® + HEH - = X

v

$9UT] UOTSSaJFIay UOUWO)

mm :(93TyM wopuey) £ dnoxd
= S5 :(°3TuUM paudyEN) 2 dnoap
X

1 :(oadsN) T dnoad

:SauT] uoTSsSaxgoy dnoxnH-UTUFTM

L* 6662 cte 600569 . J0xxH
S ThOY 2 £ge6 stsayj3odAy o3 ang
hee 262holL stsayjodAy TTnu xspuf
Lee 961 THEoS ut3TIO 4noqe Te3IOL
axenbg ueap  WOpasad JO sazenbg JO umg UOT3BTIBA JO 20INn0S
saaada( g
o= 1 :sqdeoaaqul Jo AL3trenby -2
€°6l62 g2 £€L£gL9 JOIXE
0°65TH i 9£99T stsayqodly o3 sng
g€e 600569 sTsayjodAy TTnu I3puf)
L£e 967 THQ02 utd1a0 3noqe Te3or
aa18NDS UBS)  WOPIaI JO salenbg JO ung UOT3eTJIBA JO 20an0g
saaada(q 3 g
0 = °°q = “Tq :sadorg jo A3tTenbE -1
$S4S9J,
21 38 g1 8 3 g1 AT 3
.ﬁzmp+ .>Hp+ o+ .zmm+ .>._,m+.au ,.n,w\
: T9POW Sug

(W) W-IVS pue ‘(A) A-IVS

20UBTIBAO)D JO STSATRUY °*T TOOUOS

1 @TqB.lL

:sx0q0tpaxd 2 ‘sdnoan €

.
I P y




-21-

9L8°

J xs3dxey JO
£97TTqQeqOId

AN

J I98x¥1 JO
£3TTIQRQOId

tcO’

ot138d d

€N T

oT38d o

6f° = UOT3BT3II0D aTdTaTn|
¥)6Q00° + WOSTOO® + AG6200° + TEQ'- = X

v

}3UT] UOTSSHIFIY UOWWO)

gHEOTO® + WHRTOO® + ATLZ00® + ThL'- = ©% :(23Tum) g dnoxp
T

A
HHTEOO*® + WHGTOO® + ATGHOO® + TH T~ = X :(0a3sN) T dnoxp
:SaUTT UOTSSaaday dnoan-uTylTM

6°HTOS qot TEO9HOZ Toaxg
0°22cT T AN stsayqodAy o3 ang
601 €o29h02 stsayzodAy TTnU Iapup

ETh 8£98428T urdTIO 3NOoqe TB30L

aIenbg uBdp  OPdaId JO saxenbg JO umg UOT3eTIe) JO 20IN0g

saaaldaqg 3

0 =1 1 sqdsoaajul Jo A3treEnbd 2
6° 8661 coh GLSh20e JI0IIF
L°Q9TL € 90412 c1sayqodiy 03 ang
g0t Tgo91h0e stsayjodAy TTnu I9puf)
€THh : 8£9g52QT utdTIO 3NOqe TB30]

aI18nbg uBSp  WOPSIIJ JO Saxenbg JO umg UOTFEBTIB) JO 90IN0Z

s 0 = mmp = mmp = me :sadoTg Jo A3rTenbm T

$S983
Fh€q + PFP%q + TFTTq + T 4 Blyfg 4 g + PHTg 4 m = 7Ty
v

:TOPON 3YL

(4) Wuey Tooyog udTH pue ‘(W) W-IVS ‘(A) A-IVS :sxo03otpaxad € ‘sdnoxd g

20UBTIBAOD JO STSATeUY °2 TOOUdDS

G 9TQ®L




100>

g J193xe] JO
£y1TTqRBQOad

-22.-

8c9”

J 1931eT JO
£3TTTqBQOId

gt Te

otaey 4

€Le

ot3ed d

geThho® + WIE000° + AQHTOO® + 6§8° - =
HEHTHO® + WGEO00® - AQTS00° + 2hl® - =
gEHL20° + WQ9TOO® + AL{200® + ST2°T- =

¢Q&Q09¢t
T16Q0T
96HLTLE
6GHHESTE

saxzenbg JO ung

G6ELOSE
O6TTT
¢g4R09t
6GHHESTE

Q- £48se ETHT
G GGG 2
STHT
6THT
axenbg uesp — wopsaxg JO
seaada(g
879552 LonT
0° 69T 9
ETHT
6THT
SIenbg usel  WOpaaxg JO
saaxda(d

gt 3 Bt B
Fy mp L 3T.32

W “q +

Saienbg JO uwng

3
wﬂ> Hp + mi + 3T

g9® = UOT3BIdII00 STATITNW
¥gOOH0* + WOE000° ~ AGQLT00® + 613"~ = X

talk¢aKEe

b

: SUT] UOTSSadday UOUMO)

:(93TUM wopuey) € dnoay
(22 TUM PaU23EW) 2 dnoxp
:(oaBaN) T dnoas

:SauT] UOTSSaxgsy dnoxH-utyl}IM

JI0IIH
stsayzodAy 03 ang
stsayzodAy TTnu Ispuf)
utdTao 3noqe Te3loL

uoT4BTIRA JO 90IN0S

:sqdeoaaqul Jo L3TTenP¥ 2

€

ad +

JI0IIH
stsayjzodAy 09 ang
stsayzodAy TTnu Iapuf)
utdTIo 3noqe TeloL

uoTQBTJIBRA JO 902an0Sg

:sadoTg JO K31Tenbm °T

$8989T

It 2 3

T 3
WCg + Tialg + M= TFg

\d

: TOPOW UL

(g) ¥uey Toouds UYBTH pue ‘(W) W-IVS ‘(A) A-IVS :SI030TP31d ¢ ‘sdnoag ¢

aouBTIBAO) JO STSATBUY

9 oTqel

*£ Toouds

D P




e

L9° = UOT3BT3II0D aTATI TN

yorhT® + WLG000° + AWLTOO® + 6E£TO° - = X
:3UT] UOTISSAIFIay uowwo)

VTLST® + WOHOOO* + ATHTOO® + OTT '+ = "k :(337uM wopuey) € dnoxd
VHEGT® + WSECOO" + ABT200° + lT'- = "4 : (23TUM P3YD23EN) & dnoad
VHOTT® + W2QT00° + AOQTO0" + 2.6°- = "& :(oagaN) T dnoxd

{'SoUT] uoIsSsSaasay dnoxH-UTUITH

9° 6152 AT 261019 I0IIT
TOOO *> 2T° 05 0° 692921 2 gLG2se stsayjodiy 03 and
116 661,599 stsayaodAy TTnu I9puf
ghse 2£96£0¢£4 utgta0 3noqe Te10%
U 1931 JO ot3ey Jd S1enbg ues)y wWOpasxg JO Saaenbg JO ung UoT3eIdBp JO 9°aN0G
3 S3TITTqQReqOad saa12a(q 3

o = m :s3dsdxajul JO Rq1Tenbd °2

2°6182 9€62 ogheLE9 J0xxg
Lot GL'T Q° G0ttt 9 GER9S stsayzodly 03 ang
A (T TS6H019 stsayzodAy TTnu I3puf
ghse 2£96£0¢£5 utdtIo 3noqe Te3oL
J x931e] JO otaey Jd a1enbg ued  WOpaaxg JO Soaenbg JO ung UOT3eTIB), JO 20aN0S
£3TTTqB0ad saaxdaqg
g 2 g
0 = 2¢q = % = "lq :sadoTs jo A3TTEWDT T
'S3s9],
31 3 g1 3 31 3 2 2 g > 3T It
T30 4 B8+ TTTTq + P s Thybg + Tfa ¢ Tl e = TR
: TOPOW 9uL

(v) oBexsay Toouds uSTH pue ‘(W) W-IVS ‘(A) A-IYS :sx030Tpaigd ¢ ‘sdnoap ¢

30UBTJIBAC) JO SISATeUY °¢ TOOUDS

L STq®BL

e




