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Introduction

The scores earned on the verbal and mathematical sections of the College
Board Scholastic Aptitude Test (SAT) are reported on a scale that extends from
EOOFto 800, a scale originally established by setting the mean and standard
deviation of candidates tested in April 1941 at the arbitrary values of 500
and 100, respectively. The transformation from raw (formula) scores to scaled
scores is a linear one, which preserves all moments of the raw score distriku-
tion above the second, fhat is, it retains the shape of the raw score distiribu-
tion. The SAT scale is a continuing scale; scores on each form of the test

are equated to scores on the preceding forms with the effect that, within the

1limits of eguating error, a score of 563, for example, earned on any one form

of SAT-verbal has the same meaning -- represents the same level of ability --
as a score of 563 on any other form of SAT-verbal.

The scores earned on the verbal and mathematical sections of the Canadian
Scholastic Aptitude Test (CSAT) of the Service for Adﬁission to College and
University (SACU) are also reported on a 200-800 scale. Here, too, the trans-
formation from raw (formula) scores tc scaled scores 1s a linear one. TUnlike
the SAT-verbal scale, however, which is eduated baék to April 1941, the 1971
linear scale of the CSAT-verbel was defined on the form actually administered
in Janvary 1971 by setting the minimum raw score at 200 and the maximum raw
score at 800. The twb earlier forms of the CS8AT-verbal (introduced in 1969
énd in 1970) were scaled in the same way, independentiy for each form and.not

equated'to each other. However, scores on all future CSAT-verbal forms Will

" be equated'to the CSAT—verbal scale for Januar& 1971, Thus,:theiJanuary\l9Tl

scale becomes the basic reference scale for CSAT-verbal and corrzsponds

directly to the April 1941 reference scale used‘for‘SAT-Verbal;
Statements similar to these just made for the verbal}testshare aiso
sppropriate for SAT—mathematical.and-CSAT-mathematical, respectively.

o
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Although both the CSAT and the SAT are very similarly designed tests of
verbal and mathematical aptitude, and slthough their scales are similar in
appearance, it is clear from the foregoing, and also from the fact that no
effort has ever been made to link the two systems together, that equal-
appearing scores in the two systems -- say, again, 563 on CSAT-verbal and SAT-
verbal -- might have quite different meanings and reflect quite different
levels of ability. Accordingly, the present study was undertaken to examine a
common set of equating items for their appropriateness to both p0pulétions and,
following that examination, to determine the equations for converting scores

from the verbal and mathematical scales of the 1971 form of the CSAT (the

future standard continuing scales of the CSAT) to the standard continuing

verbal and mathematlcal scales of the SAT.

Method

The test forms used in the present equating study were the form of the
SAT administered on January 9, 1971 and the form of the CSAT administered con
January 20, 1971. As an introduction to the design of the study it'will be
useful to review the administrative arrangements and content of the two tests.

Both tests were administered in five separately timed sections: two operational

verbal sections, two operational mathematical sections, and one nonoperational

section administered in a time slot reserved for the presentation of pretest or

R AR

equating items. Table 1 describes;the item.lengths and timing ofrthe two tests
and the order of appearance of the sections in the  forms oflthe tésts.studied
“aere. : | -

The SAT—verballcontains‘four item typeé: éntoﬁyms, analogies, senﬁencg?;
coméletion, andbreading cémpréhension.n Typically,‘all féur item;types ére

represented‘in both of the‘timéd sections of the SAT. The CSAT—verpalritems
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are of the same type as those in the SAT. Unlilz the SAT, however, one of the-
two separately timed verbal parts of the CSAT contains exclusively discrete

items; the other contains exclusively reading comprehension items.

Table 1
Administrative Arrangement and Content’

of the CSAT and the SAT

SAT ) CSAT
No. of Timing No. of Timing
Section Items (Min. ) Secticn Items (Min. )
I Verbal o) 30 I Math 20 Z0
IT Verbal 50 Lhs II  Verbal 55 30
IIT Nonopnl  Variable 30 . III Nonecpnl  Variable 30
IV  Math 35 L5 IV  Math 20 30
Vv  Math 25 %0 vV  Verbal 20 30

Except for the data sufficiency items (the SAT has 18; the CSAT has none )
the mathematical items in the SAT and CSA'! are qQuite similar. The timing,
however, is different. The SAT gives 1 1/4 minutes per mathematical item; ‘the
CSAT gives 1 1/2 minutes. | |

As 1nd1cated above, the nonoperational section of both tests (the tnird
time slot in both the SAT form and the CSAT form used in this study)‘is used
for pretesting items and also, in the SAT, for eQuatlng successlve forms of
the tests. In any formal admlnlstrauaon of elther test more than ‘one non-
operatlonal section may ‘e admlnlstered in that tlme slot, w1th different
students taking dlfPerent nonoperatlonal sectlons. In order tobassure that
_randomly equlvalent groups of students take one such sectlon or another, .the

test booklets are distributed in splralled' arrangement. ‘Thus, if m non- :
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operational sections are to be administered, every mth student takes the same
such section. In the administration of the SAT, for example, it is wusual for
m to be as high as 25 or 30.

In preparation for the present study arrangements were made between the
Service for Admission to College and University (SACU) and the College Entrance
Examination Board (CEEB) to exchange 30-minute operational sections and for each
of the two organizations to administer the sections of the counterpart'organiza—.
tion in its own nonoperational position. Thus, in addition to the usual 30-
minute pretests and 30-minute equating sections normally assigned to_the
nonoperational position in the Januvary 1971 SAT, Fducational Testing Service
(ETS) also administered (in behalf of CEEB) one of the two BO-ﬁinute operational
OSAT-verbal sections and one of the two 30-minute operational CSAT-mathematical
sechions taken from the Januvary. 1971 CSAT. ~CorresPondingly, in addition‘to the
usual 30-minute pretest sections normally assigned to the nonoperational posi-
tion in the Januvary 1971 CSAT, SACU also administered the 30-minute operational
SAT-verbal sectinn and the 30-minute operational SAT-mathematical section taken
from the January 1971 SAT.

With this arrangement a full 60 minutes‘of testing material in the wverbal
area -- representing a total of 95 items -- was administered for purposes of
equating to subsamples of both_popnlations in connection with their operational
testing. Thirty minutes of this material (40 items) was'operational in the SAT
(Section I) -- i.e., contributing to the student's formal-SCore -—:and nonoper;
ational in the CSAT; thirty additional minutes (55 items)twas operational in,
the CSAT (Section II) and nonope“ational in the SAT.. Under‘the same sort of
arrangement a full 60 minutes of testing material in the mathematical area --

representing a total of h5 items -- was administered, for the purposes of
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equating, to subsamples of both populations in connection with their operational
testing. Thirty minutes of this material (25 items) was operational in the SAT
(Section V) and nonoperational in the CSAT; thirty additional minutes (20 items)
was operational in the CSAT (Section I) and nonoperational in the SAT. As
inaiééﬁéd:abbvej’ali'honopérational sections appeared in Section IIT of both
tests. The operaﬁibnal SAT~-verbal section is referred to as SAT-Va and the
operational CSAT-verbal section is referred to as CSAT-Vc. .The>total of the
two géctions is referred to as Vt. Corresponding notation is used in the
SAT- and CSAT-mathematical tests: "Ma, Mc, and Mt.

The mathematical sectiéns that were exchanged between the two organiza-
tions were quite similar in content, representing a mixture of arithﬁetic
reasoning, algebra, and geometry. The CSAT—verbal section that was adminis-
Lered along with the SAT contained sentence completion items, analogies and
opposites only. The SAT-verbal secticn administered along with the CSAT
contained these same item types, but in addition, included reading comprehen-
sion items as well.

The procedure followed in developing the conversions betweén the two
testing systems called for two general steps: 1) an examiration of the 95
common items in the verbal area and the L5 common items in the mathematical
area in order to identify items that appeaied to have somewhat "different
meaning" for American andeanédian)students, and to eliminate such items from
ﬁhe group of common items to be uséd f§r eQuating the éwo testsé 2) the devéi-
opment of the necessary statistics; based on the remaining items, for equaﬁihg

the wverbal and mathematical sections of.theitwo tests.

Examination of Item Data

In. .order to carry out the first of these'ﬁwo steps, two mutually exclu-

[:RJ}:sive random samples of the SAT candidates who took Vc were drawn (these
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candidates also took Va as part of the operational SAT), and similarly. two
mutually exclusive random samples of the CSAT candidates who took Va were
drawn (these candidates also took Vc as part of the operational CSAT). iFour
additional samples were selected for mathematical, and in fhe same way: two
matually exclusive random samples of the SAT candidates who took Mc were
drawn (these also took Ma operaticnally), and similarly, two mutually exclu-
sive random samples of CSAT candidates who took Ma were drawn (tnese alco
took Mc operationally). Each of the individual American samples consisﬁed of
450 cases; the Canadian samples; however, ranged in size from 405 to L20, The
- four SAT samples are referred te as AVl, AVZ2, AMl, and AMZ2; the four corre-
sponding CSAT samples are referred to as CV1l, CV2, CML, and CM2. 1In addifion,
samples AVT, CVT, AMT, and CMT were formed.. {The letters‘A and C denote
American and Canadian students respectively; the letters V and M denote tests
for which these data were to be analyzed: ‘verbal and mathematicél; the
numerals 1 and 2 are used only to distinguish between random subsamples,of
students dfawn from the sam: population and taking the same battéry of tesﬁs.
The letter T denotes a‘combined sample; thus AVT = AV1 + AVZ2.)

The fifst step in the analysis -- the examination of the performance of
the American and Canadiaﬁ svudents on ﬁhg same items -- involved the use of a
technique that will bear detailed déécri@tioﬁ. In comparingbtwo samples-bf
individuals in this way;.an item analysis. is carfied out for each ofgﬁhe two
groups and a plot is‘made of the points represented by the paired A-values,

Ag vs A, ¥, ore point for each of the items (i) under consideration for
i i ) » ,

*Delta (A) is an index of item difficulty for dn item. A = 4z + 15 , where z
is a hofmal deViate correspondiﬁg_to p, the proportion of examinees answering -

thé item.correétlyl
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which A~values are available. The plot of these points normally appears in the
Torm of an ellipse extending from lower left to upper right, and if the samples
are drawn from the same type of population, the scatterplot of these points is
a long, narrow one, often representipg a correlation as high as .98 or .99.
When the samples are differeat in level, the points will still fsll in a long,
narrow ellipse, but displaced vertically or horizbntally, depending on which
group is the abler one. Even when the groups differ in degree of dispersion,
the points will still fall in the same type of ellipse, buﬁ the ellipse will
be tilted at an angle more or less steeper than &50, depending on which sample
is the more dispersed. However, when the groups are different in type, the
ifem lifficulties will not fall in precisaly the same rank order for the two
groups, and the correlation represented bybthe delta~points will be lower than
.98 or .99. The items falling at some distance from the plot may be regarded
as contributing to the item’x group interaction. They are the items that are

especially more .difficrit for one group than for the other, relative to the

other items.

The method developed for summarizing the'significant features of each
plot involves the determination of the major axis of the ellipse represented
by the plot and the calculation of the perpendicuiar distancé (Di)'from each
point.to‘that line. The standard deviatibn ofjthe;distribution of these
distances is a fﬁnctibn.of the item x grpup'interactioﬁ. As indicated above,
the correlation'coefficient represented;by the ellipse represents the degreé
to_Which the itenm'have'the same rank’order bf difficulty in the two gfoués -
also a representatiqﬂ‘(inversély).of the item x groﬁp‘interaction.

The equation j;ed for the major,axié of the éllipse‘iS'a linear Qne,

h = Pg + Q, where
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2 2 2 2.2 2 22
o (ch - Gg) iw/(oh - Ug) + hrghogoh
Erghogch

and

(It is recalled that the variables, g and h, are, respectively, the delta
values for the two .groups under consideration.) The formula for the perpen-

dicular distance,fDi, of each point, i, in the plot to the line is given as:

10 P

In preparation for the examination of the delta plots; six item analyses
were carried out for the verbal tests; cneffor eachtof‘the.four separate verbal
samples (AV1l, AV2, CV1l, and. CV2) and one for each of the combined samples (AVT -
and CVT). Similarly, six item analyses were carried out for the matnematlcal
tests, one for each of thie four separate mathematlcal samples (AMl,_AME, CMl,
and .CME) d,l‘\l one for each of the combined samples (AVT and CVT) Tables 2“'Vand
3 summarize the data of the item- analyses. Table 2, which summarizes the data -
for the verbal tests, makes it clear that the mean test scores for the Canadian |
examinees are hlgher by 1/5 to l/h of ‘a standard dev1atlon than are ‘the means
for the Amerlcan examlnees., Thls dlfference may be observed on the 1tems that

were orlglnally Canadlan, and also on the 1tems orlglnally Amerlcan. As expected

the item data support th1s observatlon, the mean deltas for the Amerlcan samples tﬁ.

are hlgher than the mean deltas for the Canaulan samples and 1nd1cate that the‘

items are more dlfflcult for thelrmerlcans than for the Canadlans., It 1s also

observed in both the Va and Vc 1tems that the Canadlan samples are more homogene- i

I

ous than the Amcrlcan samples.l Thls Ilndlng 1s also»suppor+ed by the standard
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deviations of deltas, which are larger for the Canadians than for the Americans.*
To what extent these various observations can be generalized beyond the observed
samples it is impossible toisay-- At the very most, the data indicate that the
CSAT group tested in January 1971, from which the CSAT samples were randomly
'drawn, is more able on the wverbal abilities measured by the Va and Vc items than
the SAT group tested in January 1971. It is beyond the scope of these data to
give evidence on the extent to which these groups are differently representative
of their parent populations.

The data on the biserial coefficients are interesting in that they indi-
cate that items originally American are slightly more discriminating for the
Americans (rbl .49 for AVT) than for the Canadians (E5is = 46 for CVT),
while items originally Canadian are.slightly more discriminating for the

'Canadians (rbl .55 for CVT) than for the Americans (r = .52 for AVT).

bis
This finding in turn suggests the possibility that the items in the two cests
may be homogeneous in content, but_specific to the students for whom the items
were intended. |
Table 3, which summarizes the data.for thegmathematical tests, repeats-'

some of the findings reported‘in Table 2. As in the verbal tests; the Canadian
_students score. higher than tneir American counternaits by almost half a stan-
dard deViation on both sets of items, those originally Canadian as well as
those originally American. As expected the means of the item.deltas confirm

these findings, the mean deltas for the American students are higher than -

those for the Canadian,students, indicating thatlthehitems are.more.difficult-"

*In general, standard deviations of item.difficulties are larger for more

»:homogeneous groups and smaller for more heterogeneous groups.d_l'

U o
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for them than for the Canadian students.i Also, as in the verbal tests, the
Canadians are more homogeneous as a group than the Americans on bothrthe Ma
and Mc subtests. This finding is also supported by the item data,'which‘show
a larger standard deviation of deltas for the Canadians. The data on item
biserials are less clear for the’mathematical items than they are for the
verbal items. Although the item biserial correlations for mathematical are
higher for the Americans on the items originally Aﬁerican,bthey are about
equal for the two national groups on the items originally'éanadianl
Figures 1-3 present the delta plots for the verbal items.‘ Figurebl is

the plot of all 95 items for one random sample of American students versus
the other (AV1 vs. AVE)? Figure 2 is the plot for the same set of 95 items
for one random sample of Canadian students versus the other'(CVl vs. CVE);
and Figure 3 is theiplotlfor the same set of items'for the combined sample of
Americans versus the eombined samplelofrdanadians (AVT'VF. CVT) It is clear
from these flgures that the \ross-natlonal plot (Flgure 3) shows a, greater
d1spers10n than does e1ther of the Wlthln-natlonal plots (Flgures 1 and 2).
These observatlons are supported by the correlations represented by these
plots (.976 for AVT vs. CVT, as compared w1th 990 for AVl VS. AV2 and 991
for CVL vs. CVE) and also by  the values of oy ( h58 for AVT vs. CVT, as com—
pared W:Lth 287 for AVl vs. Ave and 296 for cv1 VS ve) |

| Figures h 6 present the correspondlng delta plots for the h5 mathematlcal |
items: Flgure h is. a’ plot of the deltas for one random sample of Amerlcans‘**
 versus. another (AMl vs. AME), Flgure 5 1s a plo+ of the deltas for one randon‘vt
sample of Canadlans versus another (CMl vs. CME), and Flgure 6 is a plot of

'the deltas for the comblned Amerlcan sample versus the comblned Canad1an sample,‘

M<AMT.X§,'CM$) Fere too the Cross—natlonal PlOt (Flgure 6) ls more dlspersed R
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Figure 1
Delta Plot of Verbal Items for
Américan Sample #1 vs American Sample #2
(AV1 vs AV2)
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Figure 3

Totel fmeriess Sunpts ve Bomel Sraici Sampis
(AVT vs cvT).
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Figore b

Delta Plot of Mathematical Items

American Sample #1 vs American ‘Sample #2

(AML vs AMR)
r = .991
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Figure 5
Delta Plot: of Mathematical Items

Canadian Sample #1 vs Canadien Sample #2
~o(CML vs CMR) .
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rigure 6
Delta flof of Mathematical Items
Total American Sample vs Total Canadlan Sample
(AMT vs CMT)
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than either of the within-national plots (Figures L4 and 5), and, as expected,
the statistics based on the plots bear out these observations. (The correla-
tion for AMTva. CMT is <977, as compared wlth.the correlatlons of .991 for
AMI vs. AME and .99h for CM1 vs. CME{.the o for AMT Xiﬂ.CMT is .415,
as compared with the.ob,tf 233 forvAMl Xs,.AMEvand 242 for CM1 vs. CcM2.)
The six’distributions of D-values, corresponding respectively to Figures 1-6,
are giwen in’lable HIP | |

Although these differences are clear and indisputable, certain'qualifi— o
cations are in order; fhe two sets of within-national samples, it is recalledz.

were selected randomly, and the differences between them are as small as the

method of random sampling and the sample size permit. If systematic samples
?(e.g. 'samples drawn from.somewhat different geovraphical areas'within the

United States or w1th1n Canada) had been drawn, we would expect the result1ng

‘delta plots 56 be conslderably more dlspersed than the observed randcm within-

natlonal samples.; In some: 1nstances, even larger dlfferences in. d1sperslon

of deltas could result from.geographlcal sampllng for w1th1n natlonal groups

than for the random cross—natlonal samples observed here. Therefore, to-dr
the general concluslon that between natlonal comparlsons are more d1spersed

.t1an w1th1n natlonal compar1sons 1s not warranted by these data. R

In any case, the d1sperslors observed 1n the cross—natlonal plots are p

'too small to warrant the concluslon that the Amerlcan 1tems, Ior example, are
L glnapprOprlate for the Canadlans, or. v1ce versaa: However, s1nce th1s 1ssue 1s

'of 1tself not central to the purpose‘of the present study -- whlch was to flnd

"5j“‘the equatlons to be used for convert1ng the scaled scores on the SAT to the s

"scale for the CSAT,-- 1* was’ not pursued 1n detall.i_xnstead the d1str1butlons

or. the cross-natlonal plots (AVT vs.,CVT and AMT vs.,CMT) were
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‘1Table L

Distributions of D-Values for the Item Delta flots

Plots of Verbal Ttems  Plots of Mathematical Items

AVL cvi . AVT  AML oML AMT
. VS . V'S,- . VS . o ) o VS VSe TNVSe.
D-~Value AvV2 - cva CVT ’ AM2 . CM2 CMT

1.2
1.1
1.0
0.9
0.8
0.7
0.6,
0.5 5
O.k 5
0.3 11
0.2 9
0.1 8
0.0 1k
0.1 12
0.2 9
0.3 .12
o
0.5 -
0.6

0.7

0.8
0.9
- 1.0
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examined fo exclude from the set of items used in equating the CSAT to the
SAT those items that were coﬁsidered to be relatively inappropriate to
Americans or inappropriate to Canadians;"These items were taken to be the
"outliers" (i.e., those with high positive or high negative D-values), con-
tributing heavily to the item x nationality interaction. Accordingly, the
items removed from the wverbal equating sections were those’forvwhich -0.55 >
Di 2 0.55; the items removed from the méthematical equating section were
those for which -0.52 > Di 2’0.52.v This érOCeSS resulted in the removal of
20 of the 95 Verbal items (9 Canadian and 11 American items) and 10 of the 45

Mathematical items (4 Canadian and 6 American items).

Equating

"All available Canadian examinees who héd_taken'Section Va as their
nonoperational section and all available Canadian examinees who had takeh
Section Ma as their nonoperational seétion, eiclusive of those who had been
part of‘the item analysis samples (CV1l, CV2, CMl, or CM2), were selected for
the equating érbcess. This selectipnlféSulﬁéd‘in'Canadiéﬁ‘sampieé of 3%95'.
for the verbal equating and 55i5 for the maﬁhematical équating.‘ Corresponding
American sampleé 6f 3495 and 3320 (approximateiy thersizés of the~Canédian
samples)vWere selected at réndoﬁ'froﬁ.théraVaiiable American examihees who had
taken Sectioﬁ7V¢ or Mc, exclusive (as.in ihé éﬁbiéé of fhe Canadian sampies)
of all those who had been part of the item'analysis-samples‘(AVl, AV2, AM1 or
2. v N v . o

The method used,foi équatiﬁg”éhe cénadianfanqVAmérican’scales'inv¢1ved

first the determination of the eguation relatiﬁg'the raw (R - W/h)'scores on the

operational American SAT_to the raw (R'?~W/4)_écore3‘gﬁ ﬁheiopérétional‘canadian

"\

=
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CSAT and suﬁstituting into that equation the relationship between raw scores and
scaled scores for each of the two testing programs to yield é final relationship
between Ameriéan scaled scores andeanadian'scaled scores.

The initial convers1on betWeen raw ‘scores on the two systems reguired
first an estimation of the mean and variance for the comblned Amerlcan-
Caﬁadian sample on each of the two tests in accordance with a method developed

by Tucker (Angoff, 1971, p. 580), as follows:

Mo o=M +b. (M -M_ ) o, (1)
*t ¥ - g Vg Vo
2 2 2 2 2
s =8 + b (s -s_ ) 3 (2)
X_b . Xa X.'V'a 'V'_b Va_
@ =M +b__ (M -M_) - | (3)
and ‘
2 2 2 .2 2 : :
s = 8 + b (S - 8 ) PR - (Ll-)
yt Ve ‘.yvs Vi Ve _
where.

x or X = the test (CSAT) taken by~Group @ (Canadian),
¥y or. Y = the test (SAT) 'baken by Group B (Am<er1can),
v o= the equatlng test, i. e., scores on the items taken

by both Group: a and’ Group B and used in the equatlng,
and |

t = the combined.groub, A+ B .

- The notation,‘bxv > repxesents the usual Ooefflclent of regression of varlable X

on varlable.v: bxv = xvqx/qv‘. (Sxmllarly,..yv. yv y . ). The: estlmated
values, ﬁ; 3 M., §% ,'and s ”, were then substltuted in the equatlon,

A



to yield the equation,

converting raw scores on Test X to the scale of the raw scores on Test Y.
In this equation, a =8 /8. end b =8 _ - alt
Vg *& Yg o Ty

In order to calculate the estimated values given in equations (1) to (&)

for the verbal tests, the correlation between the operational test and the 75-
item equating section,* as well as the releted means and‘standard deviations,
were prepared for each of the two verbal samples, the sample consistihg of the
5#95 American students and the sample consistinglof the 3493 Canadian students.

These statistics are glven in Table 5. Distributions’of the operational verbal
| and equating verbal tests for the SAT and CSAT are given in Table 6.

The appllcatlon of the data in Table 5 to equatlons (l) to (h) resulted in

the following estimated values~'

5
]

*t 50.6009‘ ’
..ﬁyt = 35_539# .
X, -
St
Eger - 289.9611 . .

*Recall that 20 verbal Moutlier® 1tems had been removed from the orlglnal group

of 95 1tems admlnlstered to both the Amerlcan and the Canadlan examlnees.j

b

95
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Table 5
Correlations Betﬁeen Operational and Equating Tests

for Americah'énd‘Canadian Samples .

Verbal Tests.

American Canadian -
- Sample : SamE;e
No. Qf'Caées | A 5495 3493
Oberétional_Test* - _ ‘l‘ o -
Mean : 31.8710 T 33%.9969
‘Std. Dev. . _ : 17.5004 . 14.1405
Equatlng Tegt¥** ; | . L
T Mean I .. 25.8489 '32.5663%
'Std. Dev. P 15,1437 0 13.3905 ¢
Correlations’ , : I R ”:’f“'if
Opnl. vs. Equating ’ _ L9431 - . «95T2

ot

*The operatlonal SAT-verbal contalned 90 1tems-- the'oPera?
tlonal CSAT-verbal contalned 75 1tems. f S

**The verbal equatlng test consisted of 75 1tems (aftér the
~removal of 20 outller 1tems).-. AR :

L -

26
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Table 6
Frequency DiStribﬁtions for Operational and .

_Equating Séctidhs of the SAT and CSAT

- , Verbai Tests

- Reaw  - ‘Amei'iéan-"sa.nﬂlpie o Canadian Sample -
(Formula) Operational  Equating Operational Equating
Score - SAT 7 Section - . : CSAT . Section

84 - 86 -

81 - 83 - 3

78 - 80 1

75 - 11 B o )

72 .- T4 . .20 L ‘ 1% L1

69 - Tl 29 . T : 100 100

66 - 68 52 9 30 1k

63 - €5 56 S 19 50 35

60 - 62 61 = - 28 . 5k , s
. 57T = 59 6T 35 65 » 57

- 54 - 56 116 - _ 52 115 = T9

- A o 72 13T 110

-~ 50 . 1kEe . 88 , 169 . 12T

- L7 ‘ , 9T . 207 - . .203

- bk 178 S o 2100 - 206

<41 ©o.oe2y. . a8 2535 7 T 206.

- 38 - 205 - anl 26y 29T . -
33 '-35 - . 2ol 218 - .265 @ 295

-32 . . 202 . . . gkk . 325 3100

29 .2 . =267 - . 270 318
- 26 o1 o251 . o235, . 298
2% . . e225 e37T . oe29 . ooeeT
- 20 ooaok 25k o156 193

17 175 .eer A8 So1e2

L 161 © 196 0 103 110 |
-8 Al e B6R ST e DL o ,
o5 o2 iiaas0n o s e 030 e
-1 S I o SO N - 3 P
=T ‘

1 B

=9 = =T e -

o=l

Nou of Cases o3 s o3 B9y
‘Mean . 31.8710 . 25.8489 | 33.9969 - 32.5663 . . .
Std.'Dév,v‘»-317.500hﬁf‘ *15;1&37“" “ ;;_‘lEQL#o5T_§f;3;3905f S




~26-

These values were applied to equation (5) to yield the equation,
| ¥ = 1.1060 X + 1.6857 ’,- )
which permltted the converS1on of scores from the raw score scale of the CSAT—

‘verbal to the raw score scale of the SAT-verbal. The der1vatlon of the con-

version from the CSAT-verbal reportlng scale to the SAT;verbal reportlng

scale is developed as.follows:
The linear equation,..

S =AC+3B o @B

1S th; equatlon by which raw scores on- the form of the CSAT used in January

1971 CX) are converted to the CSAT reportlng scale (Sc) Slmllarly, the

linear equatlon,

S, =AY+ B ?f o .3 C)

is the equatlon by Whlch raw sc0res on the form of the SAT used ‘in January

1971 (Y) are. converted to the SAT scale (Sa) Expressmng equatlon (8) in.

o S -B ISR T o s.-BY
terms of X [ = f£L7¥_{] ‘and equation»(9)Vinfterms of Y [Y =‘,a A,_J]', and“

‘ U T .85 =B" o [8qu- -
substituting in equation (6) results in ‘the equation:,‘g;jgrt- __a[lC>A ] + b

"\.4

which, when simplified; becomeSz

‘Sa, TR S, + A’ + B TR S (10)

Equatlon (lO) is a llnear equatlon W1th sloPe equal to aA /A and 1ntercept

|
aﬁ B iy and may be used to convert verbal or mathematical

>fequal to A b 4B -

scores from the January 1971 converted score scale f0r the CSAT to corr spond-.‘

1ng scores on the SAT scale.-*’:
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In order to derlve the numerlcal convers1on irom the CSAT-verbal scale to

the SAT-verbal scale, the follow1ng numerlcal values for the slopes and 1nter—

cepts of equatlonS'(6),-(8); and (9) were;applled to the constants in equaﬁlon,
(10): - Lo o

. 1110605 b d-i‘68577[from equation ()1 ,

a = =
A =7.2533; B = 256 oooo [from equatlon (8)] , and

A' = 6.5656;~ B' 220 2008 [from equatlon (9)1 .

The resulting convereibn’equation for” the wverbal tesf is, tﬁerefore,

s, = 0.9706 sC -’8.5528 TR (ll)
The inverse equatlon, for convertlng the SAT—verbal scale to the CSAT-verbal
SCale, is:

s, = 1.03053 s_+ 8.8119 . - (11a)
‘The fOlldwihg equivalenciee werevdetermined from equations (11) and‘(lla)ge

From Equatlon (ll) o L From Equatlon (lla)

- . : EQulvalent : R e_ 5 E Equlvalent‘
CSAT-verbal SAT-verbal - = : SAT—verbal-v E CSAT-verbal
Score » - . Score: ' - : “Score - - - Score

goo . 68 . . 800 . (833

600 . sth s 600. o oeer
s0 . T 500 0 52k
w00 o380 . owoo oo ker
300 ,,"-_ﬁ- S8 030 oo zs
o 200 (186)* 200 215 i

More detalled convers1on tables for the verbal tesPs are prov1ded 1n Appendlx I

o

'r:,g%gcb£§$?loﬁér than goo or creater than 800 on the SAT are reported as EOO;or 800

,resPectiuely.f The same procedures Wlll be employed on all future forms of‘the CSAT.
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‘~der1veithenconvers;on from
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Dlrectly parallel procedures were followed in deriving the equatlon for
convertlng scaled scores on the CSAT—mathematlcal to scaled scores on the SAT-
mathematiLal. In’ oxder to calculate the estlmated valnes given in equatlons

(1) to (4) for the mathematlcal tests; “the correlatlon ‘between the operatlonal

’test and the 55-1tem equatlng sectlon,* as well as the related means and

' standard'dev1atlons,,were prepared for each of ‘the two mathematlcal samples,

the sample consisting of the 3320 American students ahd the sample consisting‘

" of the 3315 Canadian students. These statistics are given in Table 7. Dis-

tributions of the operational mathematical:and equating mathematical tests
for the SAT and CSAT are glven in Table 8
The appllcatlon of the data in. Table 7 to equatlons (l) to (h) resulted :

in the follOW1ng estlmated values~‘

Mxt = 15-7&79 o

N - 26.2079
22 _ g8.7126

® .
s " - t

and . o | r
A L= 2.02 e
C By 16 PRI -

These values were then applled to equatﬂon (5) to yleld the eQuatlon,

. 1‘-,_
i

:3\(_,'= 1. 5552x + k. 8665 ‘:;;n‘_ - ,'5';31 - ‘(12)“‘“

.'fwhlch permltted the convers1on of scores from the raw score scale of the CSAT-g

:core scale of the AT-mathematlcal. 'Ir!order»to

»)-‘..:. L \‘:‘ E

‘mathematlcal scale to the SAT-mathematlcal'f~Q‘

,:*Recall that lO mathematlcal outl1er 1tems had been removed from the orlglnal

group of h5 1tems admlnlstered to both the Amerlcan and the Canadlan examlnees.’;*f
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Table T
Correlations Between Operational and Equating Tests

for Ameriéanland Canadian Samples

(Mathematical Tests

American L Canadian .
Sample Sample
'No. of Cases o 3320 - 3315
-Operational Test¥ . . . ‘
. Mean , ‘ 22.8536 18,2477
Std. Dev. _ 13.1620 3 8.3968
Equating Test¥* '
. Mean 12.0973 16.7493
Std. Dev. » - 8.5261 T.2081
Correlation: F - ‘ _ o
Opnl. vs. Equating .9348 T .9219

*The - operatlonal SAT—mathematlcal contalns 60 1tems the
~operational CSAT-mathematlcal contaﬂns %0 1tems._

**The mathematlcal equatlng test cons1sted of 55 1tems
(after the removal of" lO outller 1tems)

DU .

'L?fﬁiigjf; ;:'



Table 8
- Fraquency Distributioné for»Operational and. -

Equating Sections of the SAT and CSAT

Mathematical Tests

Raw : © American Sampié . Canadian Sample
(Formula)  Operational - Eduating "Operational"'Equéting
Score - SAT - Section’ CSAT - Section

58 - 59 -8

56 - 5T 8

54 - 55 19

52 - 55 )
s 20 .- 51 31

48 - 49 : 39

46 - - 42

Yy - 45 : . T0

4o - 43 - 8 - L '

4o - kb1 81 o Ly
38 -39 : 05 ' 33
36 - 37 . 98 L ‘ 23 L

34 - 35 - 135 & . - 80 " 25

32 - 33 156 - 2k 100 2k

30 . . 170 : 46 - 125 ol
28 - 29 ‘ 164 82 .. 175 122
26 -27 . 162 91 - 175 0 19
24 - 25 o 180 o129 0 . 200 ¢ 210
22 - 2% - 167 161 " S 1ok L 260

20 - 21 190 o186 255 . - =301
18 - 19 - 188 221 > ... 306 - 3027
16 - 17 o6t . 212 oo 30k 338 T
1 =15 o a5y 23k s o 31 3680
‘12 - 13 o132 o 261 A L 276 0 315
10 .- 12 - 179 .. 286 . .o hoi2sT s L2670

[ TNC N A T T PR N R R SN |
=
3

[ I A N T B |
o
)

S121 0 263 e e 89 T 1ok
81 e Le2200 T 8 e BB
1 2 T el o 25 e 2900
<3 LAY B 2 B

11

9 o NI , O e :
7 100 o ..2630 0 128 0136
5000

5

1

oM FEOND

w6 2095 7 198 ;.>ﬁj215a-[;;*i7f-*’“

.>No..onCaééé  , :_55éQ .Ef;iw”35éQ;:i°wfj'i.g{5315 j*£‘7;35i5?t§7%t¥ ;£ 23  
Mean 22,8536 . 12,0973 . 18.2WT7 16793 1

Qo Std. Dev.  13}l§épﬁfg;ﬂi8;52613]Tff;~~{8;39§8j L Te2081

B




‘f.iAppendiiin;ﬁJ}“
‘*Scores lower than 200 or greater than 800'w1ll be'{

f,\on all forms oP the SAT,g,  €.;u:;pn;
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scale, the follow1ng numerlcal vz Lues from the slopes and_ihtereepts of equé;
tlons (6), (7), and (8) were applled to the constants in equation (9):

Tk 8665 [ from equatlon (6)] ‘,‘

e = 1. 5552 ,b

“a

15-95505; Bt' 242 OOOO [from equatlon (8)], , and |

Bl

. A" = 8.5922; B’ 275 20?7 [from equatlon (9)] .
The_resultingfconversion equation for the mathemat;cal test’is,_therefore,t

s, ='o.8547‘s¢e+:113-0219~ S T ((13)

The inverse eQﬁatioh,"fe} COnverting“the>SAT;mathematical scale to the CSAT-

mathematical scale, is:'

S, =.1;1980 sa - 135.40k2 :i‘ N L o g(lja)3='

The follOwing equiveleneiesbwere determined:from equations (le and (lBa):

1rom Equatlon (lB) A S From Equatlon (l5a)

B _ . - Equivalent. . C _ Equlvalent
CSAT-math - SAT-math :  SAT-math . CSAT-math
Score . ~ ..Bcore. s, . _Score . =~ . __Score

80 ' - .78 . . 80 - (825)*
P00 69T o .q00 . 0B
600 6 L L 600 o sB3

 7.500 t}iefesfﬁs‘55o‘f :*}:‘»ﬁ-,ﬁ:.Vll,BOo;eF‘iV'tisi f.464..

Comoo e anpo o T moo s

v 3OOH : ;EZ'ZQ‘S’365‘t*t}3_,’;,'; ::aﬂ 3thtjTt?”.tt ;‘*224:gjﬂ’segf:,

‘.
V

gs;Mpre'detaiie&ﬁééﬁvéféien;téb;és'fofj%hefméﬁhemAtiCa;ftgstg:arglprevided‘in}f“"

epo’ted as’ 2oo andiBOO,

respectlvely, on all future forms of the CSAT._QThe same prOhedures are employed
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The incidental observation is made that the verbal and mathematical tests
of the CSAT and the SAT are all quite similar in average difficulty. The
estimated formula score means for the verbal tests for the combined SAT-CSAT
verbal sample both represent a mean item difficulty of about 0.4 (0.41 for
CSAT-verbal and 0.39 for SAT-verbal) in terms of the same combined verbal

equating grOup. The estimated formula score means for the mathematical tests

show a slightly greater difference, the mean item difficulty on CSAT-mathematical

estimated for the combined mathematical equating group is 0.39 while the mean

item.difficulty on SAT-mathematical for the same group is slightly greater --

0.43 -- but still very much in the same range. Although the reason for this

difference can cnly be a matter for speculation,‘it is possible that part of it,

at least, is attrihutable to the more generous timing allowances in the CSAT.
Ratios of the number of items to the estimated standard deviation for

the combined samples were also obtained. These ratios Were.h.87 for CSAT-

verbal. and 5.29 for SAT-verbal, and 4.25 for CSAT-mathematical and 4.70 for

' SAT—mathematical. These figures suggest the possibility that the mathematical

tests yield more -discriminations and may therefore be more reliable per unit
test than the verbal tests. The figures also suggest the possibility that the

tests ‘of the CSAT are slightly more reliable than those of the SAT per unit test.

Conversion Results

From equations (ll) or (lla) and (l5) or (l5a), and from the conversion

'tables that follow those equations 1t 1s clear that although the Canadian and

American scales are s1m1lar 1n the region of the 500-score, there are detailed

differencesu The: equivalent SATdverbal scores are. lower than the corresponding

CSAT—verbal scores throughout the scaled score range uhe differences ranging

‘ ) R

from.-lh p01n+s at the CSAT~verbal score of 200 +0'—52 p01nts at the CSAT—verbal

l‘,

i erees S ot . kA bt i 2t 51 e rhy At A ot
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score of 800. At 500 the difference is midway between these extremes, -23
points.

The differences in the mathematical scales are greater, however, and for
the most part in the opposite direction. At the CSAT-mathematical scaled score
of 200, the difference is as much as 80 points; thus, a student with a score at
the 200-score level on CSAT ié estimated to be equivalent in ability to a
student with a 280 score én SAT. At the opposite end of the scale, the differ-
ence is much smaller, but in the other direction; a student at the 800-score
level on the CSAT scale would have a score equivalent to a score less than 800
on the SAT scale, namely 781l. As expectéd, the difference at 500 is about mid-
way between these; a score‘?f 500 on CSAT-ﬁathemaéical is equivalent to a score

of 530 on SAT-mathematical.

Summary

In this equating study the form of the CSAT administered in January 1971
was equated to the form of the SAT also administered in January 1971l. The
design for equating involved the administration of a one-half hour operational
verbal section and a ohe—half hpur operational mathematical section ofvthe
CSAT as "experimental' (noﬁoperational) tests to random samples of the January
1971 SAT group. Similarly, a one-half hour-operational verbal section andia
one-half hour operational mathematical.section'of the SAT were administered'as
"experimentalﬁ (nonoperational) tests to random samples'of the January 1971
CSAT group. As a result of these symmetrical "eross-over" administrations, .
random samples of the American and the Canadian groups took the same’two
sections of verbal test matefials. Other random samples of the Ameriéan‘apd
Canadi#n groups toqk the same two sections of mﬁthematiéai.tést materials.

. These common sections, representing 95 verbal items and 45 mathematical items,

35
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were then item analyzed, and item difficulty (delta) plots were made to identify
"outlier" items -- items that were not equally appropriate for the two groups of

examinees. As a result of these analyses, 20 verbal - and 10 mathematical items

were identified as "outliers" and removed from the equating sections. Data on

new samples were developed with.thé femaining 75 verbal equating items and 35
mathematical equating items>to equate raw scores on that form of the CSAT to
corresponding séores on that fofm‘of the SAT. With these equations in hand and
with the equations conveffiﬁg eachvset of raw scores to its own reporting scale,
cénversion equations were developed relating the verbal and mathematical scales

for the CSAT to the corresponding scales for the SAT.
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