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ALTWIATE METHODS OF EqUATIN (H-;.E ADVANCED TESTS
1

A

When different foi'ms of a particular test are given either concurrently

at different adminiqtrations, it is' of the_required that th test results be

made comparable. For instance, at ETS, cores from the hRE Advanced Biology

Test used in the October 1()0 administration 'were made comparable to the form

used in the january 1965 administration. Thus, the, integrity of the test tan

be protected by using different forms while, at the same, test scores are

comparable and on the same score scalp though they come from different forms
.fr

This process of making tests comparable is termed,equating

and is carried out whenever a new test form is introduced in a testing program.

of the same test.

One basic requirement for the. type of equating traditionally used at HTS,

appropriately termed common-item equating, is the existence of a number of

test items common to both the new test form and the old test, form to which the

new test is equated. These common items serve as a basis for estimating how

each group would have performed on the test taken by the other which, in turn,

is used to convert the ;cores on the new test form to the score scale used by

the old' test form. Although the number of common items necessary for effective

equating is substantial, it is usually rather small when compared to the total

tesoi length.

li-4--rriving of l',!(d, most of the examination committees for the

Au.vanced --1-_Iressed an interest in deriving one or more subscores from the

various tes fo which.theu were responsible. The feasibility of providing

such subsores was considered.,and a ,number of questions were raised, airiong

This study has had a rather d;fnamic
Lut:=', with tin equating:; tieing supervi:;ed

the project at the _time of reorganization
the iroject other than write report.
contents.

history having been conceived by iary
by Cusan Ford. ['he author inherited
within the .company and did no work on
He is solely responsible for its
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those being the eitiaLing of subscorei,. If the traditional common-item, equat

ing were ) he ,Ised, the number of common items required for equatifIg subseores
'.

1rwould he so large that proportionally fcw new items would result .in die test -

form. As an alternative to common-item eqllting, equating ''.11rough the Verb

and .)uantitative scores fi-om the Aptitude Test: was suggested.

Statement of the Problem

To order to study some of the difficulties in equating-subscor using

4
V't:rba] and quantitative test scores, a study was undertaken to an r the

Lion: ik)w does equating the total score of the (;RS Advanc44 Test) ,,fsing

the Verbal and quantitative test score. Prom the (W, Aptitude 'eE2 compare with

/the tradional common-item equating fbr these same tests r;ore :JJecifips1;,:

are ti, re practical differences between the two equating methods from tip

standpoint of reported scores? Is the relationship between the two ecuating

....ti-.,(As constant for all Advanced Tests or i2 Verbal and Q:dantitative

more suitably: for some tests than others? Are there differences between the

two !2ethods over various admin'_Aration months? Are there differe:-

arose various, educational levels?

was 1-1:1uthesized that cluati?; tbl'of,ii;h the Verbal anci: -;

:,1111 llar to common-i-telmeluatinL esboeiall .1P±lcn

theAptltr e Test score:; and Ad,,-anc-i Test score was hj4-;h.

the Verbal and .1.1antitativecHratinc should prove aprroeimat:_:.- the

:rime as equating for the Aevaneea Tests in toonomies. /.

hilt epny c.;/! iU.oloy as these tests T,:f.relate highest with the ',/rrbh ,sd

while, on the other hand. Prench, PhT:lcs

Advancei -.Late lowest with the Altitude :est. hcorec: ttu
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A

similartY, was hypothesized Further, when a test was equateeto itself,

using Verbal and 'Quantitative equating, the paraMeters shbuld.be approximately*

. one and 'z6ro. The'degree to which this is not true reflects the error in the

A -

equating parameters.

One problem that occurs when using Verbal and Quantitative rests scores

for equating is that/Of different levels of candidate preparation. As an.

example. consider two examinees, one seeking admission to graduate school for

the first time, the other having completed a Masters program seeking entry

into a doctoral prograili. These two candidates are likely to -;(.,)re very d]..f-

.

ferjntly on an Advanced Xest although their Aptitude Test scores are. the same.
0

This fact lowers'the correlation between the Advanced Test and the Aptitude

Test scores weakening the strength of the equating.

The-3Ample.
!la

All candidates who took one of 17 GRE Advanced Tests ,between Cctober 1967

and September 1968 inclusive and who were registered as regular national candi-
,

dates, candidates for special administration, National Science Foundation candi-

dates, or Dak Ri ge Institute of Nuclear Science candidates were selected. A

further constraint on the sample was that each candidate for further study had

Aptitude Te-t scores earned no more than three months prior to the Advanced

Test score.

Multiple scores for either the Advanced Tests or the Aptitude Pests were,

treated as follows: In ,-he event of multiple Aptitude Test scores the Aptitude

The equal -ink; parameters are of the form Y = A + BX, where Y is the old
form scale and > the new form scale. When we .say ,the parameters should be one
and zero when;a test 1,7, equated to itself\,, that is A = 0; B = 1, we mean Y X
the two score scales should be the same.

6
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Test score nearest tne first Advanced Test score was taken. Multiple Advanced

Test scores, could not be identified since Advanced-Test scores were sampled,

rathjr than the candidates themselves,

Since both old. and new equating forms,h ad-
,

to appear during the period

under study, only candidates who took these forms were selected.. This.action

resulted n Some c ates takihg forgo in Economics, Politi,cal Science, and

Spanl!!3h not being ,selected., The total ntained sample size was 85,111 for 17

Advanced Tests. The-Advanced Test with the highest volume was Education with

516 canOidatep selected while the Advanced Test, in Geology recorded the

lowest vollme with, 961 candidates. Between fOur and six test date's were

considered for each Advanced Test.

Methodology I

The genealogical charts, Appendix 'for the Advanced Tests were used to

determine the forms to be equated using Verbal and Quantitative equating from

the totality of test forms given between October and September of the test

y,ar. 711(J rule. was to duplicate any past common-item equating with Verbal

And Colantitative Aptitude score equating. Thus, fore example, in economics

the form was eivated to forms through Verbal and Quantitative Aptitude scores

:since the traditional common-item elaying- was accomplished. by equating these-

lame forms in 1:4(i,.

3When ts-, form is equated to two other test forms through common
items, the resuats are two equating lines of the firm A

1
B X and A, + B .X

for convertin,7-, raw scores to scaled scores. To obtain one operational
conversion line, the angle between these two conversion tines is bisected
and that bisetor [.ecomes the conversion line for : )re reporting.



Itshould be (!mphasizeti here that the sample, used ror Verbal awi

4nantitative equating wan the 'rumple described pre'Viously, while the cOmmon-

item oquatings unod as cocparison)3 were the original equatirigs Imr_rjd out

at, various times in iate'pant. Thus, the c'Otriparisons or common -item equating

with Verbal and 4uaditaLive equating were valid only to the (.),,tent of the

I
stabillty of conunon -item ,..tuating,n.om Sample to sample. In orde to inventi-

r
gate the stability question for Verbal and quantitative eqt!atinf: to some

extelit, whenever a particular Corm was, given more than -once during the,ycar

under stildY, those tests were equated to each other.

The-produre for equating using Verbal and quantitative Aptitude scores

dencribed ample'I; in Apj,endix and is .similar to the tr'aditionad, column-

itcm approach. npuaking, though, the process of Verbal and qentita-

live equating, goes follows. Por both the newkorm and the old ',Rom to which

the new form is being equated, conceptualize two rogxession planes for predicting

.1%.Advanced. Test scores from V,,:rbal and . u
./
antitative Aptitude Test ;cores, one for

the group or examinees taking the new form only, the other for the group teRing'

the now and old foralis. We rulsultie these, regression planes to be identical in

their interceptq. :tiopes, an mars or estimate. -From these assumptidns,

prat Co c.;limating the mean ,;core and variance, s the now 'tom for the

total group (nw form eyaminees and oJ. i Corm examinees) are developed.

Pimiiarly for the old. Corm. this .;rune.procedure is carried out and entimatcs

or' Lh total fl,fc obLain(:4 Co the old form mean and variance. Those

two distributions aro standardised and. : ;;t equal to each other after whi;,..11

-the new form raw near ., are givon a.; a function of the old form raw nsoros

and the equating ids colptet 0-1, raw 'Mese equate 1. raw seure, are



then convdrted to sealed scorLti using the old. form scaled converslon'parameters,

and the equating ,is complete.

5

In, order to' Make comparisons of Che\Verbal and quantitative score equating

and common-item equating, the equating lines for both methods were graphed
,+-

for obtaining scaled.scaees from raw scores. There were separate graphs for-

each Advanced Test and each particular equating using common. old forms within

elach Advatced Test. The Advanced Tests were then classified into one of three

categories depending on the difference at the extreme rawlicores between the

two itethods of equating under study. Those were
./

ClaSs I. No extreme differences of greater than 50 score
points at either extreme

.Class III. A difference of more than ')0 points at only one
extreme'

Class III. A difference of more than 50 score points at both
extremes.

It, was assumed Advanced Tests'falling into Class I would be most

'amenable to equating through VerbaJ and .uantitative Aptitude Test scores

while the other test would be less favorable for that method. For Advanced

ti

'Tests falldr4; in Class III justifying the use of Verbal and Quantitative,

equating's would be particl4arly difficult.

IP
The ersample was Curther partitloievd. 1.,y educational level for each

Advanced Test.- The educational levels were indicated by every candidate

at the time he took the test and are: not now in college, sophomore, junior,

t:

senior, first and second year graduate students.. Equatings using Verbal and

'4uantitative Test scores were ti be completed for every Advanced Test and

every educational level.



k...nitts -

A total or l',t1 ri! op.( )11:;hf ror 1 ( (11 ent Advanced

e'rents. The eqpations ror conVe!rtirrpr raw scores on the new Corn:; to the

;1ia1_ed. r,e'oreO were'tahutal,e4 and graphed, the gra appearing i A i,pe to I i

For each conversion (.quation obtained. using V rbal and 4uantitatfve equatihg,

ronv ;Corw,,, were obtaind4 those being Lh(e :;caltA ,more wit'q
tia (1andida''4,1

answers 00 it411; correctly, ie. Y,4 0 ; ''W11('ri'(!or).
r.

candidate answers every (.tear correctly; the sealed. -core eorehr)ouding to

lowe:.1t raw neore round. in the equating nample; and the seale d. s:ore

corresponding to the highest raw score round in the equating sample. These

last two ~,gores were included in an attempt to make the comparison more

Valid in a "praetleal" sense, ror example, no one obtains the highest

theoretical neore'for most advance) tents;. therefore, tho' obtained extreme

snore might provIde a better location ror obtaining greater insight; In to

thy? .practhnl differences lAween the Aethods.

Equivalent scale scores were btained using the eoumtor4tem conversion:;

for the same raw scores. Values obtained frOm the 1Prbal and quantitative

cohvernionn were t;hen subtracted rrom the values obtained from the common-

item ,:onver ion.; and tabulated in Tabl' 1. The dirrerencen obtained at zero

rAillore ot the maimum raw score were termed possible neere dirrerenoes,

whip' the remaining two dirrereneen 4 ear e ror observed. scorett, subscript:;

rtirn: ;(_]11t, the number or 'tit(' adirlitd:; ttsation month. hsinc, thi',!.Alash-xfication

pon sealed_ score 11rCe.venL.t!ribed on the

Alvan:d dent ;; Call into ('iris s I, hovicg 1,11Tert1(.!(.,1; .1.es's than ncaled

oin4,:;, in '1H:11,: ('1.n.: ;.lit'i,!([ 1;,fiw,9,Liot. ,

10
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lines and usienv, thk_ bietor Vor score reporting, the results-change alittle

-
as demonst,rated in Appendix 5. The score differences at, the extremes .for

Advanced Tesis in Iiiology, n4gineerinti Form Q, Frbncp, Geology, Mus'ic,

A
Awm c6 and Psychology are.. each less than 1Poirits. It is also

re that; when Advanced Tests`-t4re equated,tquonly one form, poor

agreement between ,!quating methods was .found.

Lest. form was used more than office during the testing year underWhen a

sLudy, the;lo t,est: were equated to thethselves. Differences between the

rAnd. '4uaritdtative equatings ariit 'the eon-non-item equatings were caleu-
A

late(' and tabulated. These.differences provided a rough estimate of how

Verbal and wintitat,,ive equating ;; varied froM ono equating sample to anothe'r.

Unfortunately, there are no comparable figures mailable for common-item'

equating. The results appear in Table 5.

The resulii.,s of these calculated differences were mixed. In 'considering

the. lirreAnces overall Advanced. Tests, the process.of Verbal and Quantita-

equating seems to be unstable as 6 of the 2 equatingsTresulted in

,core diffe!ences of (j) points or more roughly arrunting to about '-?5'10r. cent

of the equaLings. On the other hand, when the equatings were taken by ("7-

in ividual. Advaned Tests, the number of equatings performed was insufficient

for drawing any meanind conclusions.
ti

Hu. those :INJW Verbal and quantitative equatings correlations, .both

first order and multiple correlations were calculated for both,the group

makiht; In th:, old and new form equating samples. These correlatiohs were

,et ween the ;'arm and Verbal Aptitude, the form and '),uan'titative Aptitude,

Verbal and 4uantitative Aptitude and the multiple correlation of the.form



witY,the two aptitude aTStS'Oo'rea. These correlations tend to remain stable

from old to new form with the exception of the correlation between the, form

*

and Verbal in the cases of Chemistry and Mathematics, between Verbal and

quantitative for Spanish; and the multiple correlations for Mathematics

and Spanish. Jrn'ese results appear in Table 4.

The sample was partitioned by educational level for each Advanced Test.

Counts for each.educational level of every Advanced Test were obtained and

based on these counts and cost factors; no equatings were performed by edu-

cational level. The ounts'showed that mO114st everyone who took Advanced

Tests were seniors and that equatings for'the,other educational levels were

prohibitive based,on the small. sample numbers.

Discussion and Comments

The.question now arises of whether the study accomplished the_, objective

it set up. Clearly, some practial differences were found between common-

item and Verbal and Quantitative equating methods in terms of the 70point

classification scheme. One difficulty in interpreting these differences

c'ome's about when the samples used Cor'equating are considered. Si

different samples were used for each equating, one could lo ically suspect

these differences. The question of comparing the two typ s of equating:,lines

using identical samples cannot be answered. Common-item equatings correspond-.

ing to Verbal and Quantitative equatings could have been performed using the

sAme samplet had there been funds for rescorin. all answer sheets and 178

additional equatings.

Another question arising in the interpretation of the equating line

differences Was the significance of the differences obtained. Via) points

13



was the criterion for significance in this ..study but was that too much Or

was that enough? No.probability statements can be made coneerning statistical

significance, and one is forced to use "careful human judgment." Since nothing

is known ofh9w sampling differences affect common-item equating and only very

limited evidence is available for Verbal and Quantitative equating, no

statistical test can be inad.

The differences obtained were assessed at the endpoints of the possible

score ranges. One might question the need for difference:to be calculated

here. For example, which end of the score scale is mbs1 damaged by a lack

of agreement between equating methods? It might be that the need to

differentiate among candidates scoring at the highest end of the scale

not necessary thus allowing a relaxation of the 50-point score differenc

at the high end. Aloy one might reason, no one scores at the highest

possible score anyway and no one cares whether that score is (±)0 or

10H0 in most .-lection or diagnostic cases. Therefore, one might question

using the possible endpoints as 'differ:mce,criteria and suest some other

less conservative points for assessing practical difference.

Was ter relationship between the two equating methods constant for all

tests? This we conclude was not the ease.. [lad the relationship been constant,

we would have expected all the Advanced Tests to fall in the same classification.

Also, a look through Appendix > will illustrate the variability of the Verbal

and .manLitative counting lines with respect to the common-item equating line.

clearly, ,the Vernal. and .liantitative equating is more ;citable For those

Advanced Tests falling in class I than those falling in Class III with respect

to agremerit with connon-item equat,,ing.



The last two questions, differences across various administrations and

..`:educational levels, were not answered at all. In order to answer the first

question, all forms equated through Verbal and Quantitative scores would.

have had to be equated using common items. The second question could not be

answered due to the relatively small sample sizes obtained for the various

educational levels.

The main difficulty this study encountered involved. the lack Of

knowledge of the properties of the common -item equating method. For

example, consider the comparison of the operational common-item equating

line with a Verbal and Quantitative equating line. Where do we want to

evaluate their differences? What first blocks our progress is our not

knowing how the common -item equating line varies from sample to sample.

Comparisons between the two methods must be co ered in light of the

Campling variations of each method. The probl of sampling variation

cannot be easily solved mathematically as' the estimates of the slope and

intercept of the equating line, involves the ratio of two other estimates.

The answer could be found in computer simulation of equatings. If many

equatings were simulated under various conditions on, the means, variances,

and correlations between the anchor and the testy estimates of the equating

line variation can be obtained and confidence bands drawn and compariOns

made more easily.

Another area of coycern should,be chat of the robustness of the equating

procedure against violations in the three basic assumptiNs. By assessing'

the degree to which violations in the assumptions affect the equating outcome,

the total variation in the equating procedure can De partitioned into two

15
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parts,.
(

one due to the lack of compliance with the assumptions, thy other

due to sampling variation. In pra tice one can do nothing about/the second

component, but one can select samples for equating where, the ass/wiptions are

most likely to hold.

It is recommended that studies be undertaken to estim A4 the variability
v

of the common-item equating line and its robustness against/various violations

in assumptions. Having accomplished that task, investigataions of other

methods of equating could be undertaken with meaningful co parisons arising.
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Table 1

Common-Item Scaled Score Minus
Verbal and Quantitative Scaled Scores
at the Extreme Ends of the Scale

Test and Possible Score Differences

.0

Observed Scare Differences
Equating Forms Hghst. Poss. Lust. Poss. Hghst. Poss. Lwst. Poss.

Biology

N
2

N
4

M
12

M7

Nr)

Scaled Scores Scaled Scores Scaled Scores Scaled Scores

24

41

50

34

W4

- 5

-12

- '6

19

13

18

30

43

33

50

1

7

6
,r,

19

13

1310

P
10

0
1

0
1

,01

Chemist
-----1

P
10

-- N
12

46 - 2 36 2

P
10

-- 0
1

8 - 1 4 1,

0
1

-- L
2

125 10 92 12

0
1 5

L_
/

37 5 40 15

Pi
4

-- N
12

- 80 4
n

-55 4

P
4

-- 01 -126 11 -85 11

N12 -- L
7

3 22 2 5

N
12

-- L
2

- 8 8 69 11

Economics

P N
12

20 8 21 7

P N 4 20 1 18
4 12

0 N12 54 -23 8 -23
1

0 M 79 -28 72 -28
1 7

17



Table 1 ConCd,

Test and
Equating Forms

Education

P
12 M10

I

Possible Score Differences
ggbst. Pos Lwst. Poss.
Scaled Scor Scaled Scores

Observed Score Differences
Hghst. Poss. Lwst. Poss.
Scaled Scores , Scaled Scores

- 21 20 -15 9

P
12

-- L
7

1 15 0 6

0
1

M10 3 17 - 1 14

28 9 -21 -10Q4

Q4 N2 - 7 4 - 2

Engineering

P
10

N
12

P
10

M
2

Q
1

P
10

Q
1

0
4

0
4

-- M
2

Q
7

0
4

Q
7

P
10

French

78 20

22 10

8 14

81 9

-50 20

21 10

0 10

61 5

66 , 20 -35

2r--\ 9

- 7 -44 -11

P
1

M
10

57 27 -37 21

P
1

M
2

11 -54 - 6 4

P
1

N
4
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rvv t 11
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0.4161 0.6047 0.5088 0.6306 0433 0.6247 0.037 0.61491

.0:16086 0.3255 0.5680 0.6089 0.5681 0.3213 0.5628 0,5681

0.5859 0.5105 0.5607 0.6258h
4r

0.5259 0.5421 0.4667 0.6237

6.6080 0.3270 0.4906 0.6088' 0.6774 0.4253 0.5922 0.6781

0.7291 0.1472 0.5320 0.7307 0.7447 0.3570 0.5085 3.7451

oi5411 0.6622 0.6120 o.6841 0.3360 0.5622 0.5983 3.5622

0.6278 0.5297 3.662 0.6454 0.5401 0.4369' 0.4942 0.5744

0.7281 0.5327 0.60011 0.7378 0.6611 0.5506 C.082 0.7086

0.6318 0.4478 0.6239 0.6355 0.7004 0.5394 0.5821 0.7189

0.6907 0.5449 , 0.5653 0.7156 '0.6297 0.4460 0.5112 0.6460

0.7770 0.6577 0.6496 0.8026. 0.7972 0.6866 0.6777 0.8217'

0.2595 0.0160 0.4212 0.2784. 0.3611 0.0675 0,5603 c).3959

27



Appendix .1



-26-

Appendix 1

The Graduate Record Examinations Genealogical Charts of
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Advanced Education Test
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Advanced Frenzh Test
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Advanced Mathematics Test
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Advanced Music Test,
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A1vanced Philosophy _Test
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Advanced Physics Test
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Appendix 2

Method Used for Equating GRE Advanced Tests Using Verbal and

Quantitative Aptitude Test. Scores as Anchor-

Suppose two different groups of candidates take two different test

forms deSignated as form X and form Y. We denote the group taking test X

as group r and the group taking test Y as group s. Suppose further that

'test Y has been given sometime in the past and that test X has been

recently administered and'that both groups have taken a Verbal and Quantitative

test denoted V and Q respectively. Thus, a group r has scores on tests X, V,

and Q and group s has scores on tests Y, V, and Q.

We call form X the '"new form", and form Y the "old form" and

desire to make scores on test' X comparable to scores on test Y. To do this,

we conceptualize two regressions for each test form. For form X we consider

the regression of the score on test X on the scores of V and Q for the group

and do the same for the total group t = r + s, even though the total group did

not take test X. These two regressions are denoted by

and

ir ar + b
lr

Vir: + b
2r

Q
r

X
t

= a
lt

+ b
1t

V
t
+b

2t
Q
t

(1)

( 2 )

We now make three assumptions, the first being that the slopes for the two.

groups, r and t, are the same, i.e.,

Xr lrb V b2;(5r
- B

2t (3)

and the second being that the regression c(- 2ficients are the same, i.e.,

b
lr bit

b
2r

b
2t

(4)

(5)

And finally the variance error of estimate,' the expected squared error from

47



prediction denoted VE,

2
VE = S" - bCb'

x

where b,= (b b
2
)

C = the covariance matrix of V and Q

is the same for both groups,

x
2 2

,, -
r
Cr b. =S

x
-bt'

t
b
t

(6)r
r ,

Substituting equations (4) and (5) into (3) and solving for Xt we obtain

Xt = Xr +
1r t

- V
r

) + b2r(Qt Qr) (7)

and since we know all of the terms on the right hand side of the equations,

we have an estimate of how the total group would have done on test, X.

Substituting (4) and (5) into (6) and solving for S we obtain
xt

S2 S2
xt

= + b
r
(C
t Cr) b'xr r

40. 6,,

Using exactly the same assumptions and development for the relationship

between Forms Y and V and a with groups s and t we obtain estimates

Y
t

and S
2

for the mean and variance using the total group.
Yt
The conversion of the scores on test X to the corresponding

scores on test I is found by

Y = a' + b' X

S
Yt

where b' = and a' = Y
t

- b' X
txt

The common-item approach utilizes exactly the same approach only

using an anchor test (usually commol, items) denoted Z instead of. V ,end Q.
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