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| | The appropriateness of standardized gain scores and analysis

'/of covariance adjusted for errors of measurement were con81dered

' for quasi-experiments conforming to the fan spread hypothesis.

revious confusion in thisﬂarea was resolved by consxdering a ».‘

vlinear and a non- linear model of within group growth. For ‘the
linear model both procedures estimated the desired effect with
equal precision when samples were large. W1th small samples analysf%
of covariance was appropriate but standardized gain scores estimated;:
the wrong effect w1th Spurious power. For the non-linear model only,l

"‘- standardized gain scores were appropriate w1th large samples.

"Neither procedure was appropriate for the non-linear model with

small samples.,
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ES'I‘IMATING TREATMENT EFFhC’L‘b ND szcxsxou FOR uuAbI- kpm:cmm 'rs .
AbbUMING DIFFERENTIAL: L.Ro@ ND INDIYIDUAL GROWER rA‘J."ﬁx:.RNb\

oo ‘, \ : u ; ‘n/‘/ . o
Selecting an appropriate pnaiysis strategy fdr a B$Udy bgqfd
‘on a quasi-experimental reSearch design has been a topid of con-
siderable contrdversy. The nonequivalent control gr"qp design

/:3?mpbell and Stanley. 1963) in particular has rece ved a great deal
o

f attention. Recently. the discuSSLon has focused'on the\issue of

4 ‘academic rate of growth and 1t8 implﬁcations for traditlonat~ana1yses

procedures. Speclfying the appropriate analytic model is dependent
on how individua}s change over time.l Some authorities (Campbell and

Boruch, 1975) have suggested that th initial difference between the'
' comparison groups on a pretest achievement méasure 1mp11es that the n

|

comparison groups are growing academicaily at different rates.{

experimental ‘studies like the evaluation o compensatoryve_,

' Initial achievement differences have been lound frequently in qhasi-ep

cation o

programs. This- differential growth rate problem has bee labeled the'

fan spread hypothesis (Campbell and Erlebacher. f 0)." The theory .

| suggests that w1thout a treatment. “the difference betweon “the

d there would be'

comparison group means would 1ncrease over time /".

a proportional increase in the w1th1n group varlab“lity. ‘This ,‘,/:
relationship between  the 1ncrea81ng mean difference‘ nd. the w}th/n
group variance can be, represented algebraically as the gollowingu
u ) “.\‘ P ‘.
XEt ,_'_ K 'J ’
Y O "
. t
. 'T.where: , ﬁ\ o s {, o = .‘
: . u“<":'are the populat1on means on measure (X) for the
‘ ,uth' xct prognam and control groUps, respect1ve1y‘ at time; t,
| | g is the ed within-group standard deviat1on~of the B
"t outcome measune at- t1me t; and - ‘ g
.-4‘ a ‘ ) . . N T .' :(‘ . f
K isa constant S d j g&§>, KR S



m: ; The use of tkeditional analyses techniques under this conoept-
.:ualization has been challenged as inapprOpriate on the basis that [u‘
3‘fthey underadjupt for group differences (Campbell and Boruch 19758 ‘p'.ﬂ
:@‘Kenny.19761 Not everyone agrees howeVer w1th this assessment o
,,:and evidence supporting the use of trastional analyses procedures

)vhava been presented (Porter. A, G. and Chibucos. T.. 197&;
~ Bryk A.S. and Wéisberg. “Heo 1977) ' |
The confu81on cor ‘erning this 1ssue ?f an’ appropriate ‘
-tanalytic strategy‘can be attributed to a large extent to conflicting
t~v,assumptions made 1mplic1tly on' the nature of individual growth. '
The previous discussions of the fan spread hypothe51s have
concentrated on" the differential growth rates between comparison.
groups. The growth rates for these groups have been assumed to
be linear over time. The growth rates of 1nd1v1dua1s w1thin these
'T}groups however have been ignored. . For the average group growth
.Ito be linear, 1nd1v1duals may grow linearly or non- lihearly. ;i -
A linear model of w1th1n group growth 1mplies that 1nd1v1duals
are/changing at a ‘constant. rate (see figure 1), ‘The correlation

i
\\
\
'

-

Aekeven ant

v Tivne i ’ T .
The fan spread hypothesis with the linear model
‘of within group growth., The solid lines represent
. awerage group growth while the dashed lines re-. -
v'prdsent in 1v1dual growth,
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‘;‘1@ between a pretest and‘

IR

except for measuremenﬁ errors.; The nonfiinear model of wlthln ,'ﬂ

K roup rowth su gests that an 1ndiv;dual ay grow academLcal ' -,
group. & € e, o

at varying rates acro 1% tlme. That is. aCademlc ‘growth may

occur in spurts (see # gure 2). The correlation between a pretest
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= Flgure 2. Thp,fan spread hypothes;s with a non-llnear model
T _ o, - of within group growth." i : _

' and a posttest measére under- %hlsvnodel would not equal unlty k
v,

’even w1th a perfect ¥y rellable 1nstrument. belecting the approprlate

v

\analysls strategy d‘pends on whlch of these.models of withln

e

. '3group growth is. approprlake.' fJ *_jg . . SR *
L Purpose | .‘ lj'“”el‘ . ~. "jfﬁn,i E oL ‘
o : : ) S y _
The purpose 6ﬂ the_present study was td' conslder two competlng

° »

;7 analytlc strategle{ 1n light of the two models of w1th1n group ]
";growth suggested aeove. XThe twq procedures co 1d9red were the
’p- following: 1) standardlged galn scores or more approﬁrlately gains
LK@._in standard scoresfand 2) slngle covariable analysgs of covaklance'
, é - . N

o wi h estimateq tnue scnres.y The first technlque ;nvolved the

lus of the analys1s qf varlance model w1th the dependent varlable

.x . ~

e




. ! o“ ’ 1 A ) - ! \ \L I ?\ . . .
E after standardizing ach‘measure. ”Standardization is achievedAbe' .
L * .
| divid g each measure by the pdoled within group standard deviation -

CO'

: e at/ea h point in time.' The second technlque uses the estimated

o, o,

, - .y.true's ore of the pretest rather than the observed pretest scé} -~
as/the covariate!'n the analy51s of covariance model (Porter. 1967)

This proceduﬁe\forrects for the errors of meaeurement found

in the pretest data. . The appropriateness of each technlque under
the twd:models of within group growth was based on two criteriat
_ L +1) the effect estimated by each procedure and 2) the precision

’

. ' wi h which eachveffect was estimated. The two analyses procedures

died haue been consideredfprevxously in the literature on the- "
.ba is of the first criterion(ﬁenny, D.; 1975; Bryk and Weisberg% 1977)

se the nature of w1th1n group growth assumed was not explicitly

st ed. ‘the results and recommendatiqns have been contradictory.

Th second criterion proposed 1n the present study has not been -
. A~

c_ns1dered 1n ‘the prev1ous studies examining the two competing

”
analytic strategies. Prec1s1on provides a basis onvwhich an

7_ana1y91s technlque may . be selected 1n S1tuatio’s where the same-

- wdesired effect 1Svest1matud by two or more procedures,
N ) ; . L4 '
The f;!'spread model of growth suggests that concomitant with

-

an increase. 1n mean-difference betWeen comparison groups is a-, v

v

- proportlonal 1ncrease 1n within group variabillty. Furthermore
this relationshi between ‘the mean difference and ‘pooled standard

;JTdeviation remains constant across time.v hlvebraically this

- relationshJ,p can be presented as ther{"anowingu |
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The terms areg#s dqﬁined prev1ously. From thls deflnltlon of -

‘ the fan spread hypothe51s. the approprlate adjustment for differences

1

on\a posttest (Y). gIVen no treatment effect. is the product of

thg pretest dlfference and the ratio of posttest to pretest " ,Q»
stahdard dev1atlons| V() o ( “) . ', g

: . Q=u Hyp = H ). . '
. B ‘ L yg yc oy xc’v N .

'“1r An analytlc etrateﬁy hanng thls adJustment factor prov1des aq'E
unblased)estlmate of group dlfferences in 81tuatlons conformlng
~to the fan' spread model of. growth.. Since . th%ideflnltlon of thel‘;

_ an spread hypothesls does-aoi anlude a reference to the’ nature

/ z f-within group growth patterns. the- above adgustment is :

s approprlate for both the linear and non -linear modeéls of within

A <~

group growth, . - . ) L -8
% ; ) o ' i ! ,
Y Standardlzlng the scores at each point in tlme adJusts for .
l
- €
o ' ‘the 1ncrea§1ng wdthln group var1ab111ty suggested by the fan .

sptead ,ﬂodel of growth. The effect estimated by computlng the

’ ) galns in s andard scores can be wrltten as the follow1ng|

.4 0 . AN

. . - N -l -
. g “GSS uyp Hye. %% (?xp "xt)‘

This estlmate is 1dent1cal ‘to the adJustment strategy suggested

s above based on the deflnftlon of the fan spread model of growth.
Thus galns in standard scores pnov1des an unblased estlmate of «

“Q' éreatment effegt in 51tuations condormlng .to the fan spread

model. problem arises however when standardlzatlon 1s achleved

by uslng(the pooled W1thfn group standardzdev1atlon calculated )

on the sample data. That is, the expected value of the ratlo~‘
':. ofupooled w1th1n group standard deviations, ’/ does adt equal
. ‘ o - -

oot v o s g 4




‘ 1.

. the desired ratio of the pooulation standard deviatlons. Taole 1,

L\ preggnts the expected value of ‘the ratio of two non- 1ndependent

L - e S Th B ] - - ! . ‘.t“« L, - | -
. N mabler . L T
;The expected value .of the ‘ratio’ of two non-lndependent o
SR gtandard deviations assuming equal populpation stamﬁard ;
' x devxations. . 9 C o
o . . n o e=o9 "‘ - 6- o? i A ‘”‘.A' eﬁou‘
“ . 7 RN 3
20. o 3.00557 1.0146 1. 0238 o
| 40 [, 1.0026 1.Q068 - - 1.0112° -, -
- _.,60. . 140017 -~ 1.0044 1.0073 L,,,;“‘f'
S . 3 . N ;=
! . : ’ - . * v . /:"'
80 - - 1,001z 1.0033 . '1.0054
- , - . . ) . ‘ ,. . lr,. u‘._' E ‘ o
--100 '1.0010 - 1.0026 b 1.0043 *

sampje“standard deviations for various'Sample sizes and selected

.rela.ionships between the two measures when the'popuiation

T staéhard deviatlons ar; equal. If the populatlon standard C -
deviatlons are’ unequal as suggested by theaf 1 Spread hypothesls.

..the descrepencxes are even greater. Thus “the use of the sample

'standard dev1atlons to stan_ardlze scores provxdes a blased

estimate of a treatment effe.x 1nvstudiés involving small samples

-and poorly:correlated’heasuress r iarge samples and highly

correlated heaaures however the proceéuré is appropriate.v

L}

Furthermore, since the technique is not affected by the relatlon-...T

4

A ERRN
ship among . theflnd1v1duals wathln comparlson groups.,the galns v

‘-'.b f e

N 3-1n standard scores 1is approprlate for both the 11qear and non-
) : : B S , T , D ‘
~ linear models of individual growth. . S RS
, i . . *o-
. ° o T ' . | ' \ . . '
SPCRA The second ahalytlc strategy“consldered for s1tuatlons conformlng
:{’ i - . : . . - :/' co ‘.,‘ "1
. " ,’// B 9 » - ' -




) - e . o ‘ . ' ' e E .j . _, .‘ '.' K ’ ' \ | ‘. ‘v "-.“. -‘ . - éh ‘ 1
\ - oo
o to the ‘fan spread model was the true score aﬁaly81s of cova{xanqe R

r

' procedune. ‘The procedure essdmes knowledge of ‘the. agproprl te fwx‘ -

e !
/'/. L .
o I A
A & .
Y
-~ . -

true gcores. of the pretes data. The effect estlmated by usin e
g e

a population reliablllty coefficlent 1n order to calculate the

T

“Aii/the true scores as a covarlate 1n the analysis of covarlance model N ]

- . “‘_
’ ’ .

can. be wr1tten as the follow;ngs . L -
‘Y . v v - ' ) —dl . ;,l"‘ : .
o AT o : ACTS p yc pxx < (uxp ) . B . .
where (,y and Q,‘x are ‘the. p0pulatlon correlatlon coefflclent and

[}

A -

frellablllty Qoefflclent respectively.. The - other terms are as -,
defined prev1ousTy The above.estlmate is 1dent1cal to, .the- Vo |
adjustment strategy suggested by the fan spread deflnltlon except
for the r t1b of Q"/kxx ThlS rat1o prov1des the correct1on for
/ errors offmeasurement. Therefore if the true relatlonshlp between
‘ the two measureé is pemfect as proposed by the linear model of
/\‘ﬁ w1th1n group growth. the ratio of the correlatlon to the
| ;rellabllfty of the covarlate will also equal unltj. »Thus for the
'11near model iof wlthin group growth the analy81s of ovarlance
modefWWLth est1mated true scores prov1des an approprlate adJust- -
‘ment for the fan spread. s1tuatlon. R
r ~ Under the’ non- 11near model of within group growth, the true
‘ijl relatlonshlpﬁbetween the pretest and posttest does not- equal unlty,g
‘even after correcting for errors of- measurement. leen thls

3

odel of w1th1n group grthh’ true score’analysw of covarlance

F

wunderadJusts for the 1n1t1al group dffferences. e

-~

. X . - ) . .. -
. . AR 4 L : : : g ot
) . e e . . R . AN N . . e T
B IIQQ1§IQII : o : ¢ .
: . . - - ' . + . o N . K
. . . . i .

s

The above dlscu851on on estlmation showed that both strategles,5

“estimate the desxred effect for “the llnear model “} w1th1 group d

- - . - '. A .
' . i
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L
grthh. In this situation the precision with.which eacw technique

7+'u esi@mates the effect is great interest./ It provides d-@éSlS
\4 on uhich a researcher coEZstelect bétween the competing pro-
u"cedures; Frecision is defined‘in terms of the variability of the
.eﬁfzg%'estimated.'«The greater ‘the variance of the estimate the
_dldwvr fhe‘preiisionlof ‘the test. An index of preﬁfsion is .5
theréfore found in tne standard error of the simble contraét’of

|
interest.,

2N ~

Both gains in Btandard scores a&d true Score analysis of.

-~

”

i

5 covariancq\can be conceptualized as an index ‘of - response haVing the

.

follOWlng form1 e, o L ' ( . .
: oo | O~
~ Where: - ‘ ’ N W e
/ ' ‘W is the adJusted variable; ... o o
o s L S

': x Y are the pretest and posttest peasures respectively;;

and. - is: the adJustment coefficient. - "" : .

The 0 procedures differ in how the ad;ustment coefficient is
d termined. The gains in standard chres approach defines the,.w
adJ stment coefficient as the ratio of the pooled Within .group
standard deViationB of posttest: to pretest. Sy / Sy . The .
adJustment coef;icient for the true score analys1s of covariance B
‘ on the other hand is defined as the” ratio of the pooleﬁ ‘within
':, group/;egreSSion SlOPe‘of posttest on pretest to the population o
test-retest reliability coeffiCientthGiven this model the N
contrast of 1nterest is the simple difference between the group
means on the adJusted variable w. The indeX»of precision by v\

7v which the two strategies-eﬁdlbe compared is the folloWingu
Q Var(W — C ) )




Ig\calculating‘the adjusted variable. both gaips‘}n standard scorgs;'

~

.
.,
-~ . :
tos

The Variance of the contrast can be written as the fpliowingn L
r(Wo - W) =_2(Var(f)-r(E(K)-ﬁ-Var(K))Yar(X)-Zh(n)Cov’(Y 'xﬂ

4‘(“%1 ~iye )Var(K) i ,_/'
(xeesfing and Wilsy, 1977) - . T .

and true score analysis of covariance require that the adjustment

coefciqient (K) be estimated on the sample. This estimate is

. ’-I“t,r ] - . , ) - : -“ ;:” N . ’r’

i

1ike1y to change from »sample' to sample. "l‘he adjustment coef.‘ient'

.

is' therefore a random variable which must be taken‘into consideration

by including the ‘Var(K) as 2 factor in the variance of the sontrast

——

a

‘ Since both strategies being considered havea the same form for ’te

' variance of the effect estimated. d1fferences in preCision must - -
result from differences in the’ expected value and variance of

.

[l
. -

the adjustment coeff101ents. ' :"l,

The expec+ed values for the ratio of two nonélndependent

standard devlations were presented in. table 1. The adJuBtment“’

.

coefflcient for true score ana1y81s of CoVariance assumes that

Y

E the pppulation test retest reliabillty coefﬁicient\is known._ The;;

pxpecteduyalue for this adJustment factor is’ therefore’eTM'

Q“ E(bix) . Since°the Sample regresslon slope 1s an unbiased
est}mator of the population regres51on slope the follow1ng 1s
trueu E(by ) -{&Yii'L For ‘the linedr model of w1th1n group growth

the expected value of the _true Score adJustment coefficienﬁ~
\ .

1\therefore equals unity sincg (&v Oxx “and equal pretest and

posttest variance have been assumed.

e
\1 e

:-"

’ . ‘.’ s “

*

. The variance of the adJustment coeff’cient for the gains in v

'A\
, standard Scores procedure was derived frpm the density function‘

“for the ratio of two non- independent standard deviations (OleJnik

" ! B }\ ;.' \
.. L : s s 1

PS . a * 3 e . .- L i N

N \ . L, AR

. ) K . : ¢

[
¢

1977)
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. Table 2 presents the variénce‘for the adjustment coefficient
given varjing sample sizes ahd'Selected_relationships between the
o jﬁ. . Table 2

.The variance of the ratio of two non-independent standard
deviations assgming,equal population standard deviations.

‘n' f } Q§.9 ‘ p--7 E;.h

20 - .01125 . 03049 .05066
wo '+ o - .oosis | .01388 .02296
60 © .0033% © .00899 - 01485
80 .00246 .00663  .01096
100 ©  .00196 100527 o .00870

i

Q i 2 ' N N . ' - . » -- .
two measures. Thg varlance of the true score adjustment coefficient

-assuming knowledge of the. populatlon test-retest reliability

)«

coefflclent equals: éﬁVﬁr(b$x). The variance of the sample

3 LY .
~ ‘ . - S .
regression slope is equal to ;;%* & . Table 3 presents for

) Vérying-sample sizes and selected relationships between the two

measures, the variance of this adjustment coefficieht. As with
the previous tables the variance of: the pretest and posttest have
) . 1 ’ - B ' . 'l . ~
i S - THble 3 _ ,
_ (éhe variance of the adgustment coefficient suggested by the
true score- analysls of covariance assumlng equal pretest
and posttest variance

‘n £:.9 g:-? L Q=eb

20 “ ;01379 .06122 .30883
40 200634 .02813 - .14189.
60 00412 .01826 .09211
. - 80 - .00305 .01360 .06818
,}l' | . 100 .00242 .01073°  .0s5412

-~ .12




11

' o . N o -
been assumed to be equal. Finally to facilitate the compdrisogy

between the two:procédurés in terms of preécision, tdble'u
. : Q ‘

6oﬁpares the sum of the expected value squaqred and the variance

of the adjustment coefficient for both strategies.

i
\ Table 4 o .

. - » ; 3 ¢
The sum,df'the expected value squared and variance{£(5)+Var(K)],
for the. gain in standard-scores and true score analysis of

covariance assuping equal pretest and posttest, varlance

0=.9 ~ Q=7 X» o gt
o . ol . . : 3
giiggaig §§:§y§§gr§f gigggaig Xﬁ:iyzigrsf .giigga;g' §£:iy;§grgff'_
Scores Covariance  Scores Covariance Scores Covariance
20 1.08%28°  1.01380 1.05489  1.061g2 1.09883  1.30883.
40 1.01036 1.00634  1.02753 1.02813 1.04549 114189
60  1.0067%  1,00411 -  1.01781 - 1.01826 1.02949  1.09211
80.  1.00486  1.00305 1.01324  1.01352 1,02179  -1,06818
100 1.00396  1.00242 -  1.04048  1.01073) 1.01732  1.05412
, o e
A compa}isontof the expected value.and variance aschiatéd

witﬁ the adjustment coefficients fof the two compeﬁing analytic

strategies indicates almost no differences when the rélationship

between the prétest and posftesf is high, O™ 9 or Q= 7.

This is true regardless of the sample size. When the relationship

betweeq the measures is low, 6, +4, some differences become ;

apparenf. In‘sitgations where the relationship is low but the

sample size is largé the fwo Procedures appear to have eQual

preci;ion. As the sample size decreases, greater precishon is

associated with the gains in staqdard Scores approach. -

]




12 . . - e \
. e ) ’

° The anve conclus1ons on precision have been based on the .

standard error presented in this paper.- There is, however. an

L4

e important dlfference between the calculations prov1ded here and

the standard error generally assoclated with the gains in.
staridard- scores procedure. In actual pract1ce gains in ?tandard

9

scores are determ%ned in a two—stage processy f1rst the ad,ugted
varlable ;s determlned; and second it 1s(used as therdependent
varlable in the analysis of varlance model. This p?ocedure
. _. assumes that the adJustment coeff1c1ent determlned 1n step one
,t18 a constant atross rep11catlons. Th1s standard error therefore
‘differs from the correct standard - error presented earller by e Tk
_e11m1nat1ng all factors involving. the varlaolllty of the- ad-
' jusiment coefflclent. ThlS reduced form of the Sﬁxndawi error
produces spurlous prec1S1on whlch leadi to a llberal “test of . v
“the hypothes1s under 1nvest1gatlon. ' ‘ Q
' The degree to which the galns in standard scores procedure
"as generally determlned. i's too 11bera1 is dependent on the
var1ab111ty of the adgustment coefflclent. Table 2 provides ,
. some 1nformat1on on this questlon. Wgen the.relationship between

W -~

the pretest measure and the‘posttest measure i's high and the

sample Frue is large. the variability of the adJustment coefficient

18 essentlally zero. As discussed earller these are the only - ’
'conditions under which the procedure estimates the correct

effect. Thus under those condltlons the gains 1n standard scores

Yoo

procedure. as they are generally calculated, is llkely to be appropriate,

=

As the .sample becomes small and the relatlonshlp weakens, the prob-

‘ability of error fncreases as daoes the bias in estimating the effect.

-
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These observations were based on: the s1tuation ‘when the variance

-

of the meashres ire equal across time. In situatiohs conf ring

~

‘f

to the - fan‘spr@ac nocel the variabillty associated With the

2

’adJustment coefficient increases and With it the inappropriateness '
' «»,
of the gains in standard scores technique. Thus, unless the ’

sample is large and. the relationship between measures§is high o
the use of gains in standard scores as geherally calCulated
should be avoided. On the other hand, the estimated true score ,
analﬁsis of covariance technique .does take the variability of
the adJustment coefficient into. cons1deration indetermining its _\;
standard error. The analysis of covariance is .not a/two~stage
. process but-rather the adgustment-coeificient and the estimaﬁion_
“iare. computed in a single'analysis.'m - The discussion presented»
here, has'assumed that the population testéretest reliability
' coefficient was-known.‘ If'it”must be estimated on the data set
or an independent sample, the variability of the reliability .
coefficient must be taken into cons1deration in calculatlng the

‘ appropriate standard error. *Substituting a sample .estimate of

)

- the test-retest reliability coefficient.in the true - score
\ - L e . ‘

- analysis of covariance approach can dlso result in spuriously

~high precision.:_Given that the population reliability coefficient .

is'knOWn, ‘the. true score analysis of covariance provides an
\
appropriate estimate of & troatment effect under the linear

model’ of within group growth and greatLr perciSion than the
gains in standard scores technique..‘ '

. .:‘ » B ‘. . “

(. . o .

The present studyvhas resolved the problem-of conflicting

.

|
()
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¥ recommendations found in- the literature concérning the gains in
- vl/ ﬁ

nstandird scores and ana1y51s of covarlance adJusted for Z;Peré\;/ v

1

‘\ ) ’of measurement as approprlate analysis strategles in qua ;—
e N, .
- experlments conformlng to the fan spread hypothe51s. -Phe” .

confusion resulted from conf11ct1ng 1hp11c1t assumptlons aon the

y
P r

i’ ,h,nature of 1ndLv1dual growth patterns. dy clearly statlng the ‘ .

nature- of, w1th;n group academlc growth. th approprlateness o]

“‘the two competing analytlc strategles were evaluated. Under

e .!o \ N

: llnear model ofwwuthln group growth w1th large sa@ples bot.fgalns

" in standard scores and true: score analy51s of covarlance esthate )
the de51red effect w1th approx1mately eq%al pre6451on. Wlth small
- samples however. the true score analy51s of covar%ance technlquegﬁ
éestlmates the de51red effect with the approprlate?standard\errorh:.
but the effect estlmated by1+w.qa1ns in standard scores approach
1s not the de51red one and the estimate is made w1th spurious
‘pOWer. For the non- 11near model of within group growth true

\

1 score analysis of covariance does not estimate the de51redfeffect.
Galns in standard ‘scores does estlmate the desired effect with
the approprlate standard error only when the samples Yare large;
When samples areﬂsmall neither of the two strategleé)con51dered

- are approprlate for the non- lxneai model of w1th1n group growth.
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