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METHODS OF SMOOTHING EOUBZEQENIRY EXPECTANCY TABLES
APPLIED TO THE PREDICTION OF SUCCESS IN COLLEGE

Michael J. Kolen, William M. Smith and Douglas R. Whitney

University of Iowa
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Six methods Eor smoothing daubleséﬂtfy expectancy tables (tables that
relate two pradictnr variables to prgbability of sttaining a selected levgi

of success on a criterion) weres cnmpared uging data fnr entering students

at 85 colleges and universities. AcT compasiﬁe scores an éwéélf—repattéd
high schocl grade averages wer:'used to construct expectancy téblag based

on data for students entering each institution in 1969-70. . Tables wefe con-
structed using two levels of success--'"C or better" and "B sr;betcerﬁ“fifgt
gemester grade péint averages. The taEles were smoothed using each method

and evaluated ac;ardiug to how closely the smoothed tables corresponded to

observed data at the same imstitutions in 1971-72 and in 1972-73. The

- smoothed tables weré ‘more accurate than th@ée based on 1969-70 observed

relative frequencies;;—A liﬁear regressien af Qbsefvad relative fzequangy on

predictar valge was most accurate, two extensiaﬁs of an isgtﬂnic regressian

methad were nearly as accurate. A commonly used regressicn mathad was found

to be less accurate than most other methods.
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METHODS OF SMOOTHING DOUBLE-ENTRY EXPECTANCY TABLES

"APPLIED TO THE PREDICTION OF SUCCESS IN COLLEGE

The probability that an individual will-attain a certain levei of

m

success is often the measure of primary interest in guldance and placement

decisions and in the selegﬁign of qualifiéd'ép@licants. Expéétaﬂej tables

display the likelihood of success on some criterion measuréug;ﬁén variéﬁs

" levels of performance én“gné"sr'mare'predi;tarSﬂrelatedvtafSuccess.m~a5~—~=~»www
One fggtar ﬁhat*&etféﬁtsffrom.the usefulness of expeétancy tables is

that'éﬁanca i:fegulétiﬁies éaépgzcuz when the tables are aaﬁétrﬁcted directly

categoriles 2antaining few gbservaﬁicns (Anastasi 1976) » These can make it
appear that the probability of guccess is smaller for high ability studentg
than for lower ability students when theory and EXPEEiEHEE indicate achafw;Sé-
When such apparent contradictions accut, it is desiﬁable to “smﬁgth" the ex-
_ pectancy table to remove the 1ggigal inconsistencies. Perrin & Whitney (1976)
studied a'nuﬁber of methods fafvsmagﬁhing siﬂgle-éntry expectancy tébles and
:cancluded that the gains in accuracy which resulﬁed warranted éhéirruse for

- " When two pradigtors are available, the probability’ nf attain i:g_; chasen
level af succass on the criterion can be displayed in a deublEﬁentry expectancy
table (Wesman, 1966). Score lntarvalg an ‘the twa pzediztg af 1isted aﬁ.
Ehé margins of sugh daubla—gnﬁry ax?ectanay tables., The valués in the bcdy
af the table Estimated the prabability of achieving SUCcess givgn the row and
,calumn values on the predict . ThéSE'prébabiliEias can be ééﬁimaﬁed direc;;y’

from the observed relative fIEQuenﬁiEE or by the use of variaus smﬁcthiﬁg

'teghniqués-

o




Hethad l. Obgerved Relative Ffequeﬂciea

The ‘concern of this paper is with situatians,iﬁqwhich‘;tfcgﬂ_bEgp:esuméd
that the two predictor variables have a monotonic n@ndacfeésing relationship

with probability of success and with each othex. Tha'éfﬂblem examined here

~arose in the process gf ;gnstzugting.éxpectaﬂzy‘taﬁiés ﬁsiﬂg'aéﬁiéﬁéienﬁ taétv

_sceres and high school percentile rank éa ast;matebprﬂbsbilities of attaining

“ gertain grade point averagésg A number of ;heiéstimatéi‘pfgbabilitieg in tha
“j”tablés'éﬁﬁstrﬁétéﬂ"using"the abserveé‘relativE”fraquencies~c¢m€radi§teéﬂaurrwww+m~an

beliefs about thé naturé of the underlying relationsnip ‘among the variab;es.r'

Thaﬁ is, the assumptlan of mongtﬂni:*ty seems féasanable fa* tables reflthiﬁ
test SEEEEE and high schggl grades used to estimate the prabability of attaiuing
certain graderafg;ag 1evals in callega; ,

Améfiéan College Test (ACT) composite scores and self repﬂrted high schgal

grade average (HSA) were used to estimate the prﬂpartiun ef students evideﬂcing

'*f;two levela af success, in gallege. The -two levels were earﬁiﬁg a fifsﬁ term

grade point average (GPA) of "C or better' and "B or bette: . Daublé—éntfy

expe:tancy tables were canstructed directly from the nbsérved rélative fraquen— o

cies and also by applying variaus 3mgnthing techniques to these relative
frequencies. Two indexes reflecting the similarity between cross-=validation
year relative frequencies and Estimated relativé frequencies were used to

evaluate the smoothing methods.’

Construction Methods

The most common method for constructing dauble—antry expectancy tables

1The use nf base year data to prepazg tables fgr use with sﬁudents in sub-
sequent years suggest that, for each institutiﬂn, joint prghabilities
" exist and are identical from year-to-year., The degree to which each

method's estimate resembles these parameters will be studied in anather
. Pap&:‘. L - P k . e e e ,r,f.:~-< U
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iz to report the observed relative frequency’ of success at each écmbiﬁati"
of the two pfedicﬁgr variablasi For example, 1if 30% of the individuals with

ACT scores between 20 and 25 and HSA between 2.6 and 3.3 were successful in

E:} particulat yeaf,_a value of _BG would:be placed in the appropriate cell of

.the table. Thus, the observed relative frequencies from one year are used

to predict the relative frequencies in subsequent years.

Method 2a: Linear Regression on GPA

The original data was used to estimate the Intercept, regression weights,
and standardrerraf of estimate for a mutliple linear regression model using
GPA as the griterign variable. The entry for each cell in the expectancy table
was gstimated by substiﬁutiﬂg the ééﬁtéfz of each ACT and HSA interval into the
regression equation and calculating the standard normal deviate corresponding
to the difference between the predicted GPA and the selected level of suzéess,
The cell entry is then;tha'eumulative diétfibutién funéti@n at the:ﬁérmal~'.
deviate value. This méﬁh@d'aéégmesla ﬁlaﬁar_zélati@néhip améng G?A, HSA and

ACT and normal, ham@gcedéstic conditionsgl distfibutiﬂnse

Method 2b: Cufvilineat,Egg?g§§igg;g§;§3§a.

e

HEthEd 2a was amended to inciude the square of each pr redic o'"variable

" and the cross-product term in the equation-for predicting GPA. This metbed

allowed for a wider range of posaiblgrrélatiénships éﬁéng GPA, ACT, and HSA

than did Method 2a. Otherwise, it was identical to Method 2a.

The center of each inEE§val wag defined as the mean of the interval under
the assumption that the marginal distributions of ACT and HSA were normal.
The meazn of the interval in unit normal deviates from the overall mean is:

maf

Hinterval = [
¥ and y, are the ordinates of the unit normal curve corresapondlng respec— . -

tively, to the: law and high endpainra Df the interval, and p is the atLui”
" under the vnit normal curve that lies between. the Eﬁdpﬂiﬁtﬂ Gf ‘the int;rvali



Method 3a: Linea§,Ragggsgigg,ggﬁ@bsgryed gglgﬁiverzrgqugpgies;

ACT and USA were regressed on the relative ffequencieg in the unsmoothed

table (each relative frequency was weighted hy the number of cases in that

cell). Thé céntér of the iniefvals ‘were again used as the values for ACT
and HSA in the computations. The es;imateﬂ-inEEfcépt and regression
weights were used to generate the smoothed expectancy table. Any predicted
rglativa frqugﬁcies less than zero or greater than one vere sét equal to
tﬁélapprgﬁtiate 1imit, This method assumesrthat a planar relationship

exlsted among probability of success, HSA and ACT scores.

Method 3b: Gurvilgnearrgeg:g§sign on Observed Reléﬁive EEEQuEﬂéiES-

'Méﬁhaé 3a was- amended to include tﬁa_squaza of each predictor variable
ané ﬁhg cross-product term in the equation for predicting the relative fre-
quénﬂies of success. This method (like 2a)-allowed for a wider range of . . ...

relationships among probability af success, - ACI, and HSA.

' Method 4: Extepsiangﬁgi‘ggg Isontonic Ragression

* The isotonic regression method (Ayer, Brunk, Ewing, Reed, and Silverman,

1955), which assumes only that the relationship between prnbability Gf success

trtmeme L

and the ptedittar varlable is non-decreasing monoton;c, is VEIy straight=
forward in single-entry tables. After forming the expectangy table, the

table is examined for reversals. Each reversal, where relatively fewer

students with hi{,," predictor ’,lues achieved success, is considered as a

chance reversal because it violates the assumption that the relationship be-

twgén’predietéf and criterion is non-decreasirg monotonic. When such a rever-
sal 1s encountered, the two (or more) relative ffequeﬁciég*invnlved in the re;

versal are waighted by the number of absef#atiaﬁé in each of the cells and

vﬂvoruggd. Thie average roplonces the obae rvul r‘clut!v; I'n:qumu luH In anc h

cell invalvedlin'the reversal. The prggess continues until there are no

reversals remaining. - 77



The computations involved in extending this method to double-entry
tables, while s8till preserving its mathematical qualities discussed by Ayer,

. etal (1?55), appear to be intssctable. The extensions reported here are

attempts to extend the logie (thaugh they dc not necessarily retain the
mathematical properties), of the single-entry method to smooth double-entry

tables.

In the two extensions of this method, the only assumptions about the
form of the’:élétianship among ACT, HSA, and préb&bility of suécéss are that
success 1s non-decreasing monotonic and :haL for any given HSA level, ghe
relationship between ACT and prababiliﬁy of success is non d creasing mono-
tonic (i.e., the Ennditianal distributions gf each predictor and criterion
givén the other predictarAa:e nnnsﬂecreasingrmﬁnatéﬁiz)i: Thesé assumptions
éa ﬁnt; for example, indicate whetth'ar not individualg éith an ACT score of
25 and a HSA of Zri‘shauid have as h an estimated pfﬁbgbility of success
( than individuals with an ACT score of 24 and a HSA of 3.0. The{eg;énsicns
! to double-entry tables involved EWQ'methédsiaf rgggiviﬁg this problem; D;hef,
defensible (anérﬁassibly bEEEEf)ngFénSiﬂﬂE E*iSE;

Method 4a: Alterﬂately Treating,Rﬁwéiand Eﬂlumns éaréingiésﬁﬁtry Ta&leé

S —— | | thé first- phasei each row in the table was gmﬁathgﬂ (if déeessary)
by the mgthad described above for single-entry tabl&s.' Afgar all rows
had been adjaated; the table was examined calamn by galumnbéaxde;Efmiﬂe if
gnyzf versals ramained., Any reversals in the columns were adjusted by the = -
same pfggedure ﬁhat wae applied to the rows. The second phaée inval%ed |
returning ta the ariginal table aﬁé smgething fifst by cnlumns and then by

raws_: EEEh of the two phasés pf@duced usable, slthaugh often different,




solutions. Since there was no reason to prefer one salutianrava: the other,

the cell entries in the two resulting tables were averaged a and examined to

determine if any reversais existed. If Iéversals sti11]l remained, the entire

éragedufe was repeated on the ave;gged table as often as ge;éasary.B Cells

that contained zero observations in thé original data were treated as zero

frequency and zero relative frequengy- ‘The cell frequencies involved in
vérsalsiwereralsa avérageé because, withnut this pfacedure, the sglutian o

would often not ;aﬁverge or would converge very slowly. o

Figure 1 illustraées this smoothing method applied to a 3 x 4 expectancy

table. In the second row in Figure 1lb, the values .300, .200, and .200 in

the unsmoothed Eable represent a reversal. These valués were averaged

(weighted by cell frequencies) to obtain the value .211. Alsc note.that the

cell frequencies were averaged to produce the new cell frequency values of

31.7. The resulting table (Figure 1f) was obtained By averaging the cell

entries and frequencies in the tables in Figure lc and Figure le. Since no

reversals werewprésent’iﬁ the resulting gxpectaﬁcy table, no further smooth-

ing was ééﬁéiied!

s = = e

Insert Figure 1 about here

Method 4b: - Linear Regression Weights Used to Provide a ingle Dimensional Ordering

If the cells ﬂf the table could be ordered in such a way that one would
know, for example, that individuala with an ACT sc of 25 and a HSA of 2.7

- have at least as great an estimatéd probability of success as individuals

Of the 170 tables smoothed in this étudy, 152 (892} required no repetitions
and the remaining 18 tables required only one repetition Qf the prn;gdure.__
Thus, this procedure appears to gonverge rapidly.

9

3



with an ACT score of 24 and a HSA of 3.0, then the siﬁgleéentry method

- could be employed. To approximate this information, the regression weights
from Method 3a were used to provide an ungquivagai ordering of the cells.
If the predicted value for énércell_was greater than the éfédi@téd value
for another cell, then tﬁg éfabability of éugcess for indiﬁiduals with

scores corresponding to the first cell was assumed to be at least as great

as the probability of success for individuals with scores correspording to
the second. In this way a single-entry table was constructed. The single~
entry smoothing method was then applied and the table reconstructed. This
solution avoided some of the problems encountered in Method 4a.

An exaﬁple of this method is shown in Figure 2. Based on the regress-
ion welghts cémputed from the data shown in Figure la, the cells were érdezed
as ln Figure 2a, smoothed using the siﬂgle—gﬁtry method iﬁ-Figura 2b, and

reconstructed in Figure 2c. As would be expected, Methods 4a and 4b pro-

1]

duced different results, although the results were usually similar for cells
" that initially contained a relatively large number of observations.

Insert Figure 2 about here

Procedure.

The data for this. study ﬁopéigted of the records of entériﬂg fréshman‘
students at a sampig'(stfatifiéd by zallégé”type) of 85 institutions that

-~ participated in one of the ACT RESE&f;hVSEZViEEEAfGI thg}ye§§§;1969=50;*”

d_ig?l—?i and 1972-73. Petfin’&,ﬁhitﬁey (1976) ﬁravide avm;¥e cgmplgta descrip-

tion of the institutions. (Hemceforth, 1969-70 will be referred to as the

baéevyéar and 1971-72 and 1972-73 as, respegtifély? validation yeatrgnegand

10




two.) For each student completing the first term in one of these schools
during the base year or either of the validation years, ACT Assessment com-
posite score, average of four self-reported high schcol grades and first
term grade-point average (GPA) at the institution was obtained.

Construction and Smoothing Expectancy Tables .

Six 5x5 expectancy tables wgere canstructed for Each institution using

oo -~ the obsetved relaﬁive frequemcies (uﬁe for each Qf thé three years ‘and at

each of the two levels of success).. The two base year tables for eagh
school were smoothed using each of the six methods. In order to
Astandardizé the tables, the ACT and HSA variables were divided intor
{ve intervals, each appfaximataly one standard déviatian in width.
The five ACT composite iﬂtarvals (basad on a mean of approximately 20
and standard deviation of 5) were 12.5 or belaw, 12.5 to 17.5, 17.5 to 22.5,
22.5 to 27.5 and 27.5 or above. The five HSA intervals (based on the mean
éf 2.6 and standard deviégion of 0.7 ‘reported in the ACT Basic Research Report
of 1970-71) were 1.55 or below, 1.55 tQiE.ZS, 2.25 to 2.95, 2.95 to 3.65,
and 3.65 or above.
Criteria
Thgrtwo criteria tefiacted the degree to which each set of relative fre-

stimated from the base year data corresponded to the relative fre-

a
=
T
=
0
-
0]
]
i

' quéﬁcieé observed in each of the validation years. In each case, smaller
valués of the index reflect more agcuraté.estiﬁatign_
 The first index weighted each of the errors in predicting the relative
frequencies in the validatigﬁ year equally. Thié,inﬂawaauld be. expected

to identify the method(s) producing the smallest average predictive error -




- H -9 -
across all cells of the table. The first criterion measure was:
m n ,| 1/2
Lo L. (P T
o, = |=1am Py = Tiy)
~ 1 ! mn
where Dl is the root meanisquaréd error in estimating relative frequenciles,
Pij is the- ﬂbSEIVEd relative frequemcy af success iﬂ thg Qruss-valid on

iear at iﬁtér§51 i af predictar l and, interval j of predgctar 2, ﬁij is the
:elatiﬁ Equenzy predigted by the mcdel m is the number of intervals on
variable 1, and n 1s the number of intervals on variable 2. 1If no Dbsérvaa‘,—v
tions resulted for a cell in the table in the validation year, then thatvtgrm
was not included and the denominator was feduééd by one.

The éggénd index assoclated greater seriousness with prediction error
for cells of the table containing a larger ﬁuﬁbgr of observation. Tﬁis in-
dex would be expected to identify the mathad(éjﬂércauﬁing the smallest aveéégé
prediction érror for the individual observations in;the vélidatign year.

The second criterion measure was:

5o R

D, = 81 38 fyy Py~ Tyy)

,2 = B S
- n H
iéi'jéi fi;]

Whéfa,a% isuélweightad measure of the error in estimating ffequancies,viij
is the number of observations ig the 1jith cell of the validation yéaf table,
and the other symbols are éé définéd above. Interp:ata;iéﬁs Qf'the\relativ% e
validitias of the methods -of Ecnétfugtingrd@uhleEénﬁfy exﬁegﬁaﬁeg tablés

were based on the valucs of Dy and D,.

12




A fout faatcf mixed analysis uf variance procedure was appliéd to Each

- i

; ;of the criterian measures (Myers, 1972) F tgrs in the analysis were size

Qf claas (*ctually, number Df first tgrm studanﬁs with ACT. datasfive 1evels),

,7expectancy table con trucELOn methéd (seven levels), GPA valua (two levels),

Vand valldation year (two levels) - Size gf g;é SJE s considered a "between
effect and all Gther factcrs were tfeated as "within" éffects_ Thg unit,pf

'”:analysis, schacl within types, was considareﬂ to Ee év"rapdqm“ effect and

'?if”gf"ﬂ*all other: factgrs were considered "fixed" effggLs, U

The results from the analysis o of v ian:e for the eriterion measures

- are presented in Tables 1 and 2. A;l'tests (includlngvpgst=hac tests) were

SN ,',iiﬁcndBC€éérét the .01 level of significance. Unbiased estimaﬁas.ofjthe T j
BN variance components’ (Myers, 1972) are also pfcvidedié“ T
"' Ingert Tables l aﬁd 2 abuut here
VJThe gPptopfiata means for the main effects. and interactions which sur-
'“@;:p d thE”.Dl “level™ of 51gﬂ1ficanc§ are provided ;h:TabléEZB”and“4T**Thé “
Iukey f, 53) critical dlf esrfor cnmparlscns between any pair of means'
~ are prov;ded in Table 5. .The lelowing dis 'TSSiDn is ‘based- on these pair-
wise comparisons. - Since the interaétians iﬂVDlVlﬂg methods were essentially
; ordinal, the main effects are discussed prior to thér;nte:actigns_’
R 4" e -there was only one observation per céll no direct estimate of Gi’ : o
ol o was pasaible.; It was assumed that the varlance component foAEhE S ST
LT ,hiphast order” pﬂgl§ﬂ intaraction (nHMY(/f) wnr equal to zerFo. Tn this - R

. way U? wan estimated by M4 Also, alfter the vurlgnaL
';QmpGnEnta were computed, %EE stimates that were negative were replgcod
by zero. Thus, these estimates are no 1cnger unbiasad PSR

‘_ { >;‘_v* M‘>13”““




;'11 -

$ iﬁsErt Tables 3 4 and abaut here

o yea: ; thaﬁ far validatinn yeaz 2. In aﬂditian, all methods were mara_w'f?%

R msiging mathﬂds _were, pnted at any ';H;VJN,lassrsise lévgls.

Hain E&fects o A S ' L

= Thérrelative fféquEﬂEiES gstimated by ényiofLthéﬁgiijsmaétﬁiné’ﬁéthéds Wéié;:;
more ac te than the estimates pravidad using the absgrved rélativgrfré-: |
queg;ies (ﬂethgd 1). 1In additicn, Hethad Ba was'maré aceurécérthan-n;ff'
Hetggd*za fbrvth% Dl criterion. Hethads Ba,,3b -4a. and 4b vere mare
';ggzuraﬁa thaﬁ ﬁéthéds EaAénd 2b far'the Dz éfitétiﬁﬁ.b,,‘” -

- As wguld be. expécteﬂ the acéu:a;y of ‘all methgds innreaseduas class - lyg%;;

_—— ’(—\? Skl

Eige i d nd the methads were gEﬁEfally ‘more accurate for validation

accurate for the "B or better" 1evel than far the "C or- better level_g;j R

o Interagtion ﬂf Methcds and C;a Ty Si

) The géneral tandency fOf acguracy to increase for all methodg as

EiaSS’Sigari éasad ‘held fgr both criterion measures.: Far the Dl crite—-

fign, all gf the smﬂothing methads were more aagufate than was Methgd 1

" across glL class si 1évels. No sub,t al diffe:ences amnng thg Te-

" For tha two smallest class sise intervals, tha relativerfféquéhéigs,
estimated by any gf the smnuthing methadg were ‘more ac;u%ate thén thér
estimatas praduced by- Hethad 1 using the D2 gritériaﬁ ﬁeasure; ‘Héﬁévefj
(as class size incraased >fha :elative aecutacy af Methad 2a (and, to some f“:’

extent Meﬁhad Zb) deareased;with tgép ct..to. Ehe ramainlng methﬁds, includ—

ing Methad 1 No subsgantial differencas amang the meang af Methads Ba,' ::

BE 45 and 4b were obsetved at aﬂy of the g;ass Eize 1ev ié '—E&éeé”@nlj"




* Inter _;;1@ of Methad with GPA Level, and/:n; Validat;gn ¥Ear. :

ftiaﬁ year levelsy

N VI o

xthese results, Hethods Ba, 3b, 4a, and 4b pIOVided more accurate estimated,'

relative frequancies at a wider tange nf cLass size lavelg than did thE o

Based on the Dl

'estimatian of validatiaﬂ year :elative frequen;ies than did Hethad 1 at all
GPA 13velrand validatian year combinations.' ‘The azguracy,of the’ smacthing -
:methads did not differ substantially far thg tables camputed asing tha

{"B or bette:" level cf sue a%ESB Method Sa was, however, Euperior ta the'*»
rother methads far the validation year 1 and 'C or better" GPA cambinatian.
" For the validation year 2 and "C or better" GPA cambinatian, Method Ba was

. . R

-’ the mcst agcuraté while Hethods Ea and 2b ;ended to be the 1east accu;ate

ot e i e e < St e b T R i S TS

=7

af 311 zbe methads exaept Method . l. '

The smoathing methads ware also more accurate than Hethod 1l at both

L GPA levélg acc@rding ta the Dz ﬁziggricn measure. . Tha';,"f

5moaching ‘methods did not differ sﬁbstantially at ‘the "B or bettar" GPA

'”lévél.' Methods 3a, 3b, éa, and 4b vere mare‘acéuxaté than Meﬁhads‘Za,aﬁd,r

'Azb at the "C or bettez" level. Thus, Hethod 33 was at least ‘as’ accufate o

as the cther meth@ds far all cambinatlons of class sige, GPA and vallda='“f

. Accura:g,@ainad Ei;Usigg_Smgpthingﬁﬁggbpds,

In Drder to reflect the dagree to which aach Emonthiﬁg methad 1mprgved

"vthe prdicEiDﬁE from observed relativa ffequenéies (Hethad 1),_the average

7 Percenﬁage Et n inacc uracy by using each of thE smanthing mEEhDdE 1is prEE. ;;;;fg;;r

sented in Iable E.Y These valuas indicate that, overall the'usezgf EaEh

't';smaothing methad fesulted 1n a- gain in predictive accuracy. Gf abcut zﬁfrfaf‘

1ndex, the smgothing methcds ;esulted in more’ ac:urate o




E—

: thg'Dl,indéxi;'Thé gaiﬂs in pfeaiétivé accuracy based én;éhe Dz-index wEfe,‘

ﬁiSlmilaf values were QOmputed for the index (camparable to our Dy~ indax) used

by Perfin and Whitney (1976), their smoathiﬁg methads far single—entry tables o L

, fesultéd inra gain in pradictive gy of ffam 25? to 32?.
) Insert Table S about hare
- "Discussién'

The use f ;"’,hingjmethéds fesﬁlted iﬁfé‘pfaéficaliy 5i§nifi§aﬁt:'751

iné: ase in prédlctive acguracy in both this study and that a;ﬂPerrin and

: Whitngy (1976)— In the present study the relative sise Qf ;he EEtimated

St

341¥4§7~¥¥variance components: far methads and far the interactian Df m hods witb thEif:“ 
= Othét variables suggest'that methads contributed Sub tantially ta tha tntal_

—},VErianze af thE'ﬁédEl- The présent Etudy aﬁd that af Eer:in (19?4) suggegt!Z"ﬂ R

',*that Methads Eaiand Eb result dn- a substantial iﬂcrease in average predigtive,;ﬂwi

agguraéy aggqss’cells (as raflected by ﬁ, Di iﬂdex) Hnweyer, this in;:easa o

" in accuracy. was:surpassed byvsome of  the ather méth@ds.” Thése'éﬁﬁdiésialéé -

suggast that Hethods Ea and zb reault in Dnly a minimal ingrease in pradictive'-::"
: ac:ufacy fér iﬁdividual abservatlans (as ? fli :ﬁ E? the D index) Both af
' these -typ's of accuraéy‘are desifable in most aducatinﬁal situations.}SSince ;;ii,ﬁ'
;¥l’; r!VrHethods Ea and Zb did ﬂOt provida éAsubgtantial gain in the latter type af

.. . acecuracy, ﬁhésa co mmanly used re g ression methndsw('chw,;d,_, 1965) are less

apprgpfiaté1than are other math@ds:

4:>:Qthhe constr ction methads 8tu digd M t 6d Bé'(iiﬁeaf feg:éésian @ﬁ P

" observed relative Etequuggigs) was at leust ay accurate aa any of* tha uter

;1 ; ;i, ”; i,ZW"f,w.f;ff“_ls-?;ﬂ-;m,; v m M.>_f_:w:




_ ciass size, and validatign yea; lEVElS) as was . that frgm usiﬂg Method Ba.k

- 14 =

*=ﬁeﬁhods for both criterion measures at all combinations of GEA; glassisisé,f R

'and;ﬁalidaﬁignvfaar levels. Method 3a waﬁid be géﬁe:ail§ preférzedifo: L

douhla—éntry tables like thoée Etudiéd;"
The gain in pred;ctlve aczuracy from using either Extensiﬂn of the~

isatanic regreasigﬁ meEth was naarly as great (Dverall and for mgst GEA
S

E ause Methn& Ab required the gnmputatian of the regression estimates usad

in Mathed 3a and Eubsequently employed ﬁha isoranic regressi@n meﬁhad for '

siﬂgle—entry tables, Hethad 4b is relatively complex. - Sc evén theugh ﬁhe o

f Method 4b prod

="

estimates néar;y as ac;urata‘as those p:aducad by‘g”

of =

Method 3a, the cnmplexity of thig methcd daes not suggest i;s usai Bacause

' Ehé Qamputaﬁicns involved iﬁ uslﬁg Hethod 4a are relatively simple (in faet,

clerical persannel could eaSLIy use this methad aided only by a pagket‘

) calculatcr) this method wauld be Pfeferred when agcess to a- camput&r is not -

,availablag ‘Method 4a waulﬂ also be efe éd when the mcré stringent

statistical assumptions of Method 3a are not likely to be met.

Any of the smunthing méthods‘sﬁudied reﬁuvé logical cdntradiétions o

between observed data and beliefs regarding the actual relati@nshlp amang
*'pfé&ictor"and suzgess'méasufeé; Smoothiﬁg would alsﬁ b expecﬁed tﬁ in;reagg

Ehe acguracy of pfedictlﬂn When ccnsgructlng tables to be used for admissien,v

guldanca, or p;anning purpcses. - If such methﬂds are used howaver the

tradit;onal regr3551oﬂ methads (Methads Za and 2b) can not be expe d to be
. as accu:ate as the cther ﬁethods studied. Hethnds Ba and ﬁa afe espacially

»réégmméndgd’fof,this purpose. -
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. Source
. Between Schools

“’z(Class Size) = .
'S(Schaai)/Z(Size) -

Within Sahngls

,f” M(Méthnd)
: -ZM(Size X Methad) :
SH/Z(SehQal X Hgthﬁd/Size)

Y(Validatiam Year)
.. 2ZY(Size X Year)
S!/Z(Schgﬂl X ¥aaf/Sise)

'f”t G(GPA Level) :
Z2G(S1ize X GPA Level) : :
~§§/Z(Schﬁ§l X GPA Level/Sise)

‘VMY(HEthEd X. Year) ,
sl ZMY (8ize X Method X Yeat) '
o SMY/Z(S:haal K Hathﬂd X Yeaf/Size)

MG (Method X GPA LEVEI) o
.. SMG(8ize X Hethad X GPA ievel)
SMG/Z(Schnal X Methnd X GPA Levelfsiza)

Ve YG(Year'x GPA Level) A
.Z¥G(Size X.Year X GPA Level) '
SYG/Z(Sch§91 X Yaat ‘X GPA Level/Sise)

s%+- HYG(Hethud X Year X GPA. Level)

S~ ZMYG(Size X Method X Year X GPA Level)
8MYG/Z(School - X Methad X Year X

i GPA Level/Sizs) R

S -7

TABLE 1

480-

_ ANOVA SUMMARY TABLE FOR-D, INDEX

) Mean -
df - Square

o 0.s7151
. 0.03336

0.28053
0.01327.
0.00251

0.16749
0.00678 -
0.01695

. 0.64152
Coo.0z227

9495046 ;
- 0.00064
0.00087

o 6;ﬁ§i45:57
0.00187 - -
0.00173

"0.00512 - 0.
0.03864 - 2.
S 0.01614

©0.00242
0.00030
0.00065

:.Eé§£Wf“,
Square -
_Ratio -

Estimatéd'
Variance;i*

e
17.13

L 'f%"QQQ_ZlB'T' e

e g
000000 . .

- Looean

Components

000304 -

- .001010

000701

.000108 "

rf“;000375;-;

000063,
1,000000"

1 .000548

.000259; 4

,iaaolaof,;
.000001 "

..000038
1000521

.000005,,,,
r.oooaoo**

- ,.DDDOOD

';pi 01

R v
) IE zern by aasumptign L
.

Negative estimates rgplaced by zero




'7 Y(Validatian Year)

TABLE 2

ANOVA SUMMARY

Between Schaals

- z(Class_ size) -
S(SEhQDl)/Z(SiEE) ,

'Within Schaa;s;

H(Hethgd) o
..ZM(51ize X Methad) :
SM/Z(Schacl X Hethad/SiEE)

‘ ZY(Size X Year) .
: 'SY/Z(Sghéal’X Yéaf/Size) o

GCGPA LEVEI)
726G (size X GPA” LEVél) o
V;JSG/Z(SEhQEl X GPA LEVEl/SiSE)l_:

g ? HY(Methad K Year)

ZMY(Size X Hethad X Year)

: SHY/Z(Sghnal X Methgd ‘X Year/Size)

. 'MG(Method X GPA Level) .

"*SKG(Sizé X Method X GPA Lével)

YG(Year X GPA Level} :

0 ZYG(Size X Year X GPA Level) :

'ﬁ  SYG/Z(SchQDl X Year X GPA Lével!Size)

MYG(Hethad X-Year X GPA Lével) N

~ZMYG(Size X Method X Year X GPA" Lével)

e SHYG/ZCSEhagl X Methad K Year X
GPA Levallsiza) S

TABLE FOR D, INDEX

2 .

0.02830

480 . 0.00122

1 0.07604 0

4 0.00292

80~ 0.00810

480 . 0.00020

6. . 0.01052

’“24 . 0.00122

“6 . 0.00026 .

24 - 0.00017

480 0.00016

>lHeén o
_ Square
_Ratio

Mean

= ggi. ,:,S uar%'

4*7 0.44860

& p.0sazE"
24 0.00886

1 oi91559¢ -
47 0.01142° 3,
80 0.00230 .

. Estimatéd
Variance

£000706 - -

15.85% 0 'f
TP looooss

oo
.000077. =
.000213 .

000829'
000000

0D0257

. .000046
':;JOODDDO

Fkk

OOODOO
ODDDOD;,
 ao0007

11,350 .000024

.000003 .
':?QQQ%5§'

,;g@ocgés
. 00001
060072

58 000000
.06" - .000000,,
= coaeoo

*Is zera by asaumptign
Negative estimates replazed by zero




S T T S Y T 7T R [ 1 I 3 [ 1
“"|.100 | .300 | .100 | .400 | .200 | .600 | .600 | .200 |*.500 | .000. | 2700 |

" Figure 2a. Ordering of cells, with regression weight: b_ = .0367, b . = .1893, and
T a =139, ThE TR rew L et eed e T

o | fwo | wo | [0 | fso | 22 | fez | a2 | |22 | |22
~1.100 - | .200 | .200 | .240 | .240- | .509 | .509 |~.509 --| .5097 | .509 .700
Figure 2b. Smoothed vilues. - | B

‘ Predictor 1. |

CLow .. . High

o éfé&%ﬁﬁcf757 ‘ l_on_rvf;QAQ;; L;SQQ}, L.?DD»Mi

Low {.100 | .20 | ,509, | -309

. Figure 2c. 'Reconstructed, smoothed double-entry table. .
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- Figure 2. Illustration of smodthing method 4b.
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8

= © ) Year 1

. MEASONCKITERIND, SRR

Smoothing ] - GPA level i
o 0 | BorBetter | Cor Better

;Claés Size

. Validation Year .

Year 2 | Year 1 Yegr;i

98- 160-
159 219

- 220~ 340-

339 1149

T150--
4193 -

o

A

o tr< . : }

H

R B

g

4

|52

2062

1978

2000
1967

w {200

2712 3% 3360
21872404 2590
20 2M0 83

2168208 2261

1200 208

,1971 -;

200 204 2426

2706 24

351035582995 L2764

4612559
2719 2375

24242487

(24572503

5o

203 2557 207

2006 2053

2362083

2306 2061

L

107

6%

1883
235 L0 1%
1678

A7 2071800

-‘;2222 -

0 ethods{ 064 L2261 2022 2560

2559 L2606

246 2200

o
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21 -

Smnathiﬂg -

GPA Level

_Class Size

Methnd

B or
Better

C or |
Better

- 220- -

339

~3§6:*"
(1149 4l

1

. 2a
V,Zb_;
3a
3
743 

T

.1655

L1495

.1496

L1442

1462
1442

1422

.1535

1937

.;7;5:
.1739-
.1430
11500

.1548

-1780
11685
{1761

+1767

.1657
.1729
.1785

L1749

0 . .1897 .

y 21721

L1570

1609

.1842  .1725

1567 ..

.1611

1512 .
.1506 .

L1466 .1

.1317

11332 .

1307

;284 .’ Ta

.1032

1139 -

0986

.0961"

In additinn, the averall meaﬂs for validatian yesrs 1 and 2 we:e
aﬁd 1616 respectively :

A1l Methods| 1488  .1631 11,1706 .1832 i1571'75139@'é;l1§§A« -
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'I'ABLE 5
e ILECEY CRITiCAL DIFFERENCES FOR CGI-!IPARISC)NS
o oF PAIRS oF HEANS CDNTAINEB wo
 STGNIFICANT. MAIN EFFECTS OR INTERACTIONS
C ’Cf;—iterlgn Measure
Source 5. D
S e TR ’52”,,
z || .0398 .0367
M .0133 ~-.0093 . -
e ' .0370.  .0258 "
] oMe L0174 L0127
ZYG === -~ L0251 |7
MYG T.0163 - —--
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TABLE 6
T ”'f‘“f“"MEAﬁ'?ERCENTAGE“GAIH”iN“PREDICTIVE“AEGURAC?‘
USING SMOOTHING METHODS gcm&ggzﬁ TO THAT oF
' ' METHOD 1

Criterjion Index.
Dl Dz, |

Method

, o 1 -= S
T T B e Ea 93 10

' 2b 24 10

, o  3a 28 20
e e s S e G et —25 e | - B
| 4a 25 17

4b 26 - 18




