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ABSTRACI' 

The elfect c€ pze-tat reIiabili1y. pooWcst reIiabili1y. pre- &lid post-tcsl 
ccm:IaI:iaI, and dlaagcs ill pte-melpoa-tesl variance CD the re1iabiIlty c€ gain 
scores is pr-.d gr:apbica1ly, with gain san reliability computed usmg 
sqridcal d&a daMd&em a series c€MaJ1&.Carlo 6tudies based m the IRT 
madeL Cmditims...nore the gain score rdiabiIiIy mzt be su1ficieotly hish 
tirusein """ ~ difIicultto adlieve, are idmtified &lid di .... "·'~, 
as are CCIlvc:rse CCIlmtims, 1IIohicb are pemaps _ COJDI1l(Il, 1IIohore ll/III1 
scare: retiability may be sufIi<:ieaIly low CIlOUSIl to jeq>ardi:ze iafcrmce. 

INTRODUCl'ION 

Afttrtdal SIXft, thore is may be no simpkr. or mare natural, oomposite used 
in educslimal ~ thIIl the gain scare. AS.:. nearly educator 1IIohat 
an ~ma..t c€iDcnased leamiDgmil!ll1 befor a ~ situatiOll, and 
the~wi11 quilelilct:lyiDclude the improvcmcut c€ a post-test san over 
a pr<>-lS scare. AS.:. that same oducatar ...nat she misJ>t estimate the 
reliability c€ that gain san to be, and the mpmse will most likely be 
""'Ddhing IJl thecri:r c€the re1iabilltics c€thepre- and post-test. pahaps an 
av=gec€thetwo. Thslmpmseisvay1ike1ywrmg. 

The reliability c€ gain scores, a subject that is siDgularly iDterestiIlg &em a 
biS.oriad~has 1-. the focus c€ same study &lid no 1iI:t1e debaIe for 
_thaa4decad<:s, beginning with Gulliksal (1950), CCDtiD.uing\\ith Ltri 
& Novick (1968), Crmbadl & FudIy (1970), O'Cam« (1.912). 0vera11 & 
Woodard(I91S),Un&SIiDde(I911), zjmmaman & Williams (1982) and 
Rqpa&Wi11dt(1983),andmarerec:ontlywith Wilktt (1988). Humpilreys 
(1991.1993), 7jmm«man WiI1iams, & Zumbo (1993). zimmmnan (19~4), 
and Feldt (1995). Using Classical True Score theory (~ & A1gma. 
1986),....n ct"these SlIdies e<pIores ill pat the dfec1 CD gain scan reIiabili1y 
ct"pre-test rdiabiIiIy, post_ rcIiability, cIIanges ill reIiabili1y from prc-tcsl 
topost-lest.pretat aadpcl!l-tat ccxreIsticn. cIIanges in variance from prc-tcsl 
to pasl-«st, and, fioaIly. the use c€true score estjmgtes 

'lbe combined resu1ts c€these studies have shOWD that the rdiabiIiIy c€ gain 
scare:s can be maaipulated. """''''''ially. resulting ill situalilJlS ...nere the 
difference score is su6ici.a1t1y reIiab1e tirthe purposes of educatimal 
assessm<Dt. in situaticas 1IIohc:re the rctiabilily is sufficicatly low as to 
...... ",owe a 1IIUd.y, and in ~ situalilJlS 1IIohc:re the reliability is 
qu.estioaable but pabaps sufficiad.. 'lbe factors that tend to inaease the 
R1iabili:y d' (!lin sares are (1) in=asing the reliabi1ity ct"thepre- and post. 
teSs, (2) iIlaeasingthe reIiabili1y c€thepost-test ova-that ofthepre-test. (3) 
increasing the variance ct" the post-test over that c€ the pre-test. and (4) 
reduc:iag the CIIlaeIa!im bclwecI1 the pre- and posI.-IesL As a resuIl, the 
reliability ct" gain sans has, _ four decades, beame weU-undcntood, 
and freqamt1y derided, by psycbCOldric opecia1isIs. thousJ>. uncIcr ...nat 
CCIIlditims the use c€these sans mzt CXiiIplcmise the iDIapnoIaIitll,c€ a 
study will most likely antiD. .... to prompt subst8lllial disalssiaL 

MeasunmcIIt pr.ICIitimers, however. _y I1<l be as disposed to followthese 
discussims. the algebraic 1IIIIIIipu1IIIims. and the tables of estjmgted 

n:IiabiliIies; their ioIcresIs, pedJaps mc;iVlllion, may lie cIse\IIha'e. Calsid..­
tir iasIauce, the dJair1lloho1llllll pcnuadeba- admiDisIraIicn that an erpCllSive 
new writing cuniculum diffenntla11y improves wrilmg sans beymd thoo;e 
of the Jess.mcp"";ve tnIdiI.iCIlaI prcgram. or the develop... of an SAT 
propantim prosJ'8IIl that purports to boost sans til the SAT; both are quite 
likely to ansider an ana1ysis c€ pill sccres. 1Ddeed, thore is pedJaps no 
measuraD<IIt more "naIuIal" than the gain scan in situatilJlS sw:b as these; 
b.mce,it is essa>Iial forthoo;e...no wadd assess a pn>gl'IIID using gain sans 
toknoottheanc!jtjmsunclcr...t.ichthis_ct"improvanmtisretiable, 
meI..mIc if. is cataialyttuethat oIhor issues sw:b as clif[eraI1ial porf_ 
n:!Iriaia1 ct"IlIIp, III<III<OIizgti &lid subject DKXtalityprobablypreselll the 
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~prtfessicna1 with problems plla'than thosepresmtedby gain 
sccnRliability, it is wiIbout questi.tIl that if chaogc is to be assessed &lid the 
piIl.......,bas beon chClOIIl as a oompCDalt ct"the a!s rssment thm factors thgt 
ccotrol the bdJavior of gain scores and their .trect c€ pill scan rdiabiIiIy 
must be IIIlclastooci well 

'lbe web ct"re1at.i<nships respcosib1e for the rdiabiIiIy of gain scores, 1IIohi1e 
cataialynct ~the UlIIIplexity c€ some statistica1 fIam6wcxks sw:b as 
Item Rcsp(ll5e Theory or Gen~ Theory, can c:ctainIy pnseat. a 
daunting leaming r:urveto the pracntima-...no is in the process ct"pJammg 
aslud;y""" the ana1ysis c€ gain sans would ........ at 1east m the sud'ace, 
a reascnable uodataking. However. to e<pect that ~. pedlaps 
puzzled by all the osteasibly antradic:tory slatislical advise, to sort through 
the findings of a do2m CIC mare rcseardl pap .... mewn through 45 ycms c€ 
~ jamlalsandlfo<!s is pedJaps asking a bit mud>. especially 1IIohen 
the subject seems as imIocuous, indeed safe, as the simple clif[CRDce c€pre­
and post-test sccres. 

To bring into focus these re1lltionships, to examine all the tedmical f_ 
that iaf1ualce differalce SCXlR reIiabili1y, and to examine the anSJIIIDCY ct" 
the analytical defiailims c€ gain score rctiabilily \\ith data derived uncIcr 
tij#IIly antroIled circollDl¢lIIIces and presmted within a single arms was the 
pwpose c€ this nsean:b; and in doiDg so, we will be able to pnseat. the 
~ prafessimal with the tools n""""""'Yto cIeIamiI1e \\hether or 
not the diIl'eralce score can be a meaningfUl oompCDalt c€ an ed", ... imal 
assemem 

METHODOLOGY 

JI.em ReIp<nse Theory (IRT) was used to provide the ft3mewod<for a series 
of Mmte-Carlo studies c€ classical rdiability; boweva', this is I1<l an IRT 
study. IRT m1y provides the anteocl with ... bidl we model classical te!t 
1hnyto sIud;y the retiability ct" gain ..... O$. 1Ddeed, IRT providesnoDCJtim 
of reliability within ill the classical ...,.,. of the word, dfering inIltead a 
a:a!iU'uI:1 ct"te!t -iafonnaim." Bcymd taking advanlagc ct"the higb de!vee 
d' aneIaIim beLwem toIaIscore, as .wined by number ofilans CIlIIO:1, mel 
the Iamt IRT ability. which we use as an implicit proxy for the classical 
"true" san, these Mmte-Carlo studies are pID'ely classical in IUIbIre, 
affcrdingthe opportuDityto maaipulstethe f_ thgt iaf1ualce gain score 
reliability 8CI'IlOS ranges c€ values that wculd be diffiaJlt to obtain retiably 
\\ith -real" data. 

The basis c€this IIIUd.y was a 100 ita:n Mmte-Carlote!t CRlII.ed usiDgthe 3-
parameter Rem Resp(ll5e Theory model. The values of the disaimiDaIim 
panIIIId<r ........ so:\Ided!ianamamct"pseucIo-ran&mDlllllhers.-N(1,O.3). 
The values of the difficulty plll'lllllMr were selected from a simi1ar -. 
--N(0,1). The values d'thepscudo-gw:ssingplll'lllllMrwere selectedfi<m a 
third stream. -N(O.ZO.O.OS). 'lbeprobabilitythat a subject would carcc:tIy 
answer an item was canputcd usmg the item paramd<lS and the subject 
ability. theJacrto bedes:ribod ill detailln the next secticn. To mark the item 
correct or inc:mrcct, a I8Ddcm number was cInMn from a flat dj511:ibuum 
bouDded by 0 and 1. If the probability ct" a CClIM1 mp(ll5e eKCeeded the 
number chosm !ian the flat disIn'buUm, the item was axIed as "aa:rect;" 
cthcrwise,itwascodedas "iDanecL" 'lbetolal score of a subject m thete!t 
was thenumber d'itans axIed as aotrcct. 

Four _ ct"randamDUlllbcrs, -N(0.1). were cInMn andmaaipulated.to 
provide estimaIes of subject IRT ability ill four subject 1!J'OIIPs. 'lbe first 
I¥O'PpnMdodtheba\isofall the subjects in the study; the oIhortbree I!J'OIIPS 
were reJated to the first sw:b that te!t_ rdiabiIiIy and pre-teslipost-test 
aotrebticn CXJU1d be inclucIecl. mel latermaaipulated, in the sj!!!II!"im. 

The IRT ability d'the secaI1Ii IP'O"P wastransfonned sw:b thgt it aotreIated 
to the IRT ability of the first I!J'OIIP. 'lbe axreIaIiCll ofte!t sans bclwecI1 



Groups 1 and 2 provided the estimate of the _ reliability, and as 
~recovend theandSiaL <flR.T ability. thou&b with SOOIIOredw:Iica 
that is due (1) to the dUhotlmi .·m of the iIem_ and (2) tothellllise 
admitted by using the naadcmllWllber draYm fr<m the UDifonn disIributicu. 

TheIRT ability ofthethirdWOUP was traDsfoaned such that itcom1atedto 
the IRT ability of the finl. The cm-eJatim bc:Lwem Groups 2 and 3 I<Ul 
scores recovered the coaelati<n between the IRT abiIiIies, thougll with a 
n:ductiaI as seen betw"", Groups 1 and 2. andprovidedthe esimate of the 
ocaeIati<ll betw"", pro- and p<l6l-test. 

The lRT ability of the fourth group was tr.msformed such that it ccneIaIed 
with the lRT ability of the third group. The ocaeIati<ll of the total_ 
betw"'" Groups 3 and 4 provicIed an <Stimate ofthe __ reliability of 
thepat.te;t, oodJOaM:Rlll, thw!!/l with SOOIIO sIigItt. n:ducticn, the com:Iatian 
oflRT abiliti<s iD1roc1ucecl bc:Lwem Groups 3 and 4. 

Th<sofour WOUPs provided two pair of matdled subjects. Groups 1 &0 3 and 
Gtwps 2 &0 4, b<twem..ma. gain soens could be campared; !hal thepreotest 
reliability. thepaot-test reliability, the CClIl"daIi<ll betweoa ~ andpaol. 
test, and IiDally the dlange in variaDce fr<m preotest to post-tcsl were 
~toltudythe effoas these have <II the reliability of gain scores in 
the CCII1e:xl of empirical cIata. 

The following SAS Sysan oode was used toperfonn these siam]atims 

%macro reliable; 
tdo reps-l tto 3 tby 1; 
tdo ~1 tto 11 tby 1; 
tdo xy=1 %to 11 tby 1; 

data cliffs; 
array a(lOO] al-al00; 
array b(100] bl-bl00; 
array 0(100] 01-cl00; 
array bx (1000] bxl-bxlOOO; 
array bxp(1000] bxpl-bxpl000; 
array hy(1000] hyl-hyl000; 
array hyp[10001 hypl-hyplOOO; 

keep tax ts>Cp tsy tsyp difl clif2; 

1* create item parameter vectors -, 

seedl - int(10000000*ranuni(0»; 
do i = 1 to 100 by 1; 

call rannor(eeedl,a[i]); 
a(i] - 0.30*a(i] + 1.0; 
if a(i] It 0.10 then a(il • 0.10; 

end; 

seedl = int(10000000*ranun1(011; 
do i = 1 to 100 by 1; 

call rannor(seedl,b(i]I; 
b(il - 1.0*b(i] + 0.0; 

end; 

seedl • int(lOOOOOOO*ranuni(O»; 
do i • 1 to 100 by 1; 

call rannor(seedl,c[i]); 
c(i] = O.OS*c[i] + 0.20; 
if c(i] lt a then c[i] • 0; 

end; 

/* create correlated subjeot thetas */ 
rxx • (&xx-l)/lO; 
rxy = (&xy-l)/10; 
ryy :II' COC,j 
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seedl. int(10000000*ranuni(0»; 
do i • 1 to 1000 by 1; 

call rannor(seedl,bx(i]); 
end; 
seedl. int(lOOOOOOO*ranuni(OII; 
do i • 1 to 1000 by 1; 

call rannor(seedl,bxp[i]); 
bxp[i] - rxx*bx[i] + aqrt(l-rxx*rxx)*bxp[i]; 

end; 
seedl. int(lOOOOOOO*ranuni(O»; 
do i • 1 to 1000 by 1; 

call rannor(seedl,hy[i]); 
hy[i] = rxy*bx(i] + sqrt(l-rxy*rxy)*hy[il; 
hy[i] = hy[i] +0.25; 

end; 

seedl • int(lOOOOOOO*ranun1(O»; 
do i • 1 to 1000 by 1; 

call rannor(seedl,hyp(i]); 
hyp til = ryy*h:y (i] + sqrt (l-ryy*ryy) *hyp (il ; 

end; 

seedl = int(lOOOOOOO*ranun1(OII; 
do i = 1 to 1000 by 1; 

tex • 0: 
tsxp :a 0; 
tar • 0; 
tsyp = 0; 
do j = 1 to 100 by 1; 

p=c[j]+(l-c[j])/ 
(1+e><p (-1. 7*& [j] * (bx [i]-b (j]ll ) ; 

oall ranuni(aeedl,noisel; 
if p gt noise then tax - tsx+li 
p=c[j]+(l-c[j] )/ 

(1+e><p(-1.7*a[j]*(bxp(il-b[jlll); 
oall ranuni (seedl,noisel; 
if p gt noise then ts>Cp = tS>Cp+1; 
p-c(j]+(l-c[j])/ 

(1+e><p(-1.7*a(jl*(hy[i]-b[jllll; 
call r~(seed1,DOise); 
if p gt noise then tsy • tsy+l; 
p=c[j!+(l-c(jl )/ 

(1 + exp(-1.7*a[j]*(hyp[i]-b(j)))); 
call ranuni(seedl,noise)i 
if p gt noise then tsyp = tsyp+l; 

end; 

difl - tsx - tsy; 
dif2 - ts>Cp - tsyp; 
output; 

end; 

run; 

proc cor.r data=diffs noaimple pearson; 
var clifl; 
with clif2; 
run; 

%end; 
%end; 
%end; 
blend reliable; 

filename rholat 'c:\papers\gainscor\reliable.lst'; 
filename rholog 'c:\papers\gainscor\reliable.log'; 
proc printto print-rholst logcrholog new; 



stlltistia 

run; 
tre1iable; 
proc printto; 
run; 

DESCRIPTION OF MONTE-CARLO STUDIES 

STllDYl 

This study. using 1000 subjects in eadl cfthe fi:xIr goops, provided the 
badcdrqJ forlhosc tofollow. The retiability oC gain sc:crcs was examined as 
a bivariate timctim of pre-test reliability and ~ ccxreIaIicn. 
Pat-test n=IiabiIiIy was made equal to the pre-test rdiabiIity; the varian .... of 
thepm-tat IIIIdpat-test _ were also held equa1. This sirnnJatim models 
1Iteuse c£ a standardi:led measure foe beth thepro- and p<lISl-t<SL This study, 
as those that follow. was replicated three times; little oe no change was 
oo.ved aaosstherepJicalicas. 

STUDIES lAAN» lB 

These two sbldies were 1Ite same as Study 1 ""copt that in Study lA the 
rdiability cfthep06t-te!t wasCllllHhird l .... than that oflbepre-test. That is, 
ifthenliabili1ycfthepre-test was 0.7. Ibm Iberetiability C£lbepost-test was 
0.7 -0.7/3. oe about 0.47. In Study 2B.lberetiabilitycfthep06t-te!t is me­
third greoar 1hm !hal. oC 1Ite preotcS. 1hou&b it was ~ slightly 
difFerentJ.ytopreva>t reIiabiliIies in """""" oC 1. Foe example, ifthepre-test 
re1labi1itywas 0.7,lben Ibepost-test reliability was 0.7 + (1.{).7}I3. ClI" 0.8. 

STUDIES 3AAN» 3:8 

1hesetwo IlUdiaIwae based CD Study I, coccopt thatlbe variance cfthe post­
_ was aIl~ to change. Ia Stuily 3A, the variance oCthepre-test mT 
ability was held at about 1 ..ttile that C£the post-test was redw:ed to about 
0.75. In Study 3B, the variance oClbepost-test mT ability was increased to 
about 1.2S..mJethat C£thepre-test was sIill held to about 1. 

RESULTS OF THE STUDIES 

STllDYl 

The results cfStudy 1. shown in Figure 1, are in keoping".;a, the general 
lra>dsshown in Table 2 oC7immemtan (1994)v.bidl bssedm theequatim 

-if ..... + p,...) - ptr x.'I' r~ 

1 - pf! x.'I' r~ 

(1) 
cIeveIopedto ~the c:Ifc<t cf changes in pro- ... d post-test reIi.abilily 
CD gain soocerdiability. A daIer """'I'irutim oCthe .,.,.,....,..,dm ... betwem 
Zimmcnnaa's Table 1 and Fipe 1 shows thatlbe gain sccre retiabilities 
esrjm"ed by the simulatim are sJisI!tly below Ib_ computed &em Ibe 
PJ""I'diugfamu1a. This is doe to the sIigbt l00s oC ioCcmtalim in<:utted \\hen 
the IRT ........- are didlotCllDiad Howevu. the gmoraI trmds are 
congruent. The gain ..,..... reIi.abililyis inaeased (1) by improving the 
rdiabi1ity cfthepro- aDd post-test, 8S9IIDIed equal in this silmtlatim, ... d (2) 
decreasing the ooaeIstiro betwem Ibe pre- and post-test soores. 

STUDY lAAND %B 

TheRSUl1s oClbesetwo!tUdies also cmfomted to Ibe resu1ts oC7jmm..",an 
(1994) as eqJRIIOCd in Equatim (1). That is, inaeasing the reliability oflbe 
post4.eSJ. impzoved the gain sc:uc reIi.abilily even in the case vmuc the 
re1labi1ity cf the pre-test is 2Il1"O, ..ttile a """"",mcling dec:rease in post-test 
re1labi1ity dopressed that of the gain score. As well. it can be scm &em the 
~ <fEqwitim (l)tbIt it is the inc:rease cf eithu thepre-test reliability 
oethepost-4eltRliability. or boIh, Ibat inc:reases the gain score rctiability; not 
just Ibe in ....... ofthepost-test rdiability overtbat oflbepre-test. 
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For imtaIloe, CCDlParethe instance in Study (1) 1M1oretheretiability of the 
pre-teIt(lIIIdpost __ )wss~yO.7, the~m ~F."and 
post-testwasapproximatelyO.S .... dtherosultinggamsccrerdiabilitywas 
approximately O.sS to the """"",cncIing instance in Study (2B) 1M1ore the 
reliability oC the post-test atly was raised to approximaIdy 0.8 and the 
resuItiag gain score reIi.abilily inaessed s1ightJ.y to approximaIdy 0.6. an 
ilqm:MmaltC£abaut 0.05. Now CCIISiduthe graph in Figure (1) vmerethe 
reliability of both pro- and post-tals is 0.80; the resultant gain sc:uc 
rdiabilit.y is about 0.65, about twic:ethe re1aIive gain realized vmen atlythe 
post-test is maaipulated, and nWinning the discuS"im of Feldt (199S). 

Laody. it is evidmt &em Studies (lA) and (2B) that inc:reasinglbe reliability 
of the post-test dec.-esses, but does n.ot RIDDVC, Ibe rcduaim in gain score 
Idiabi1itytblt is introduced by the coae1aticn C£lbepro-8lld poot.-tat; and as 
tbIt aJJdaim plWStoward me, the gain sc:ucreliability Calls substllOlio1ly 
men slowly Iban in Study (1). 

~TSOF~IES3AAND3:8 

The resu1ts C£ Studies (3A) and (3B) cmfomted to the trends set out in the 
disaJssim c£FeIdt(l99S) vmuctherc1iabi1ity of gain SCClI"CSin the setting C£ 
unequal varian .... fer thepro- and poot-tests was giwo in Lcrd (1963) by 

• p .. {a!) + PI2'{a;) - 2a", 
P.r 2 2 

(Ix + Oy - 20-,), 

(2) 
and \\here a", is Ibepcpulalim covariance bctwem the pre- and post-usts in 
that inaeasing the post-test variance over that of the pre-test gmcra11y 
~ gain sccrere1iability. Also, the general trends establi:iledin Study 
(1) are again readily apparmt in this study. 

Studies (3A) and (3B) also indic:ate that unequal variances betwem pre- and 
post-tests serve to reduce Ibe dqJressiCD in gain score re1iabi1ity that r=Its 
from pre- ODd post-test ccue1atim; however. unequal variance does not 
remove the trmd shown in Figure (1), th~ Ib= is evidmce &em the 
comparison of Fipes (3A) and (3B) that inaeased variance. not just a 
dlaagein variance, is ilq>cxtaot. F«:instance in the e>cInme case vmercpro­
andpost-test cmre1atim approached uaily, Ibue is eviclmceinFIgUrC 3B to 
~ that the inaeasc by 2S percml in post-test variance was suflioiatl: to 
provide a gain score reIi.abilily Ibat approached 0.50; and..mle 0.5 is not a 
particularly hi!!/1 reIi.abilily as measures go. it is quite respecublefor a gain 
scare reliability under the cmditim c£higjlly care1ated pre- and post-tests. 

RESULTS OF FOLLOW-UP STUDY 4 

The results of Studies (%B) and (3B) individually cmfiIm that increasing 
post-test reliability and variance indivicIuaIly result in improved gain score 
re1iabi1iIy; a~ ofFipes (2B) and (3B) susseststhat th=may be 
a diffcrmDal dfa:l, iadialliDgtblt an in<rease in reliability oflbepost-testhas 
a gtalUcffecl m gain score re1iabi1ity than does an inaeasc in post-test 
VIIIiaDce. To c:msidor Ib .. e<mbined dreot, a foUow-up IIWIy was pelfcaued 
in v.bidl tbepost-test reliability was inc:reasecl as it was in Study (2B)v.bile 
the post-test variance was inc:reased as it was in Study (3B). The results of 
Ibisfaa1h1lWly arepresmtecl in Figure (4). The trends eslablished in Study 
(1) are repeated as ""Peeled; Ibe general f_ of Study (2B) are 
nproduced; and.la!t1y. the gmoraI improvaDmt in gain score reliability scm 
in Study (3B) over Study (1) is...... AI; ""Peeled ft<m Equatim (2), Ibe 
improveInatI: in gain score scm StucIy (4) is genaa11y a """'Posite of the 
improvtmmts seen in Studies (%B) ... d (3B). Foe man.... c:msidor the 
......... Ie 1M1ore the ccx:rebtim betwem the pre- and post-test scores is abcut 
o.s ..mtetheldiabi1ity C£thepre-test is 0.7. The improvanat1 in gain scores 
semin St:udits(2B)and (3B) over StucIy (1) are O.OS ODd 0.13.rapec:tiveiy. 
In SIudy (4).lbeilqmMmmt in gain scm: reliability ovuthat scm in Study 
(1) is O.IS. Howevu. it appears the Equatim (2) coo';_ly, if slightly. 
~lbe gain sccrereliability in Study (4). ForiDstsn ... c:msidor 
again Ibe case cf an estimoled pro- aDd pOEll-test comIatim of 0.5 and a pro­
tmRliabilit:yC£O.7.Equ.atim (2) gives P ... as approximately 0.54. a bit 1ess 
than lbevaIue. 0.60. sulIII""'rd in Fipe(4). 



Thaeisalsoevidalceprescuted in Figure (4) to susge;t that the effect c:€the 
cilange in vatia:Iao OIl the gain score reIiabiIit.y in the pnsmce c:€hiPly 
~pIO-a:ul.post-teI;U is lost..n.a thereliability c:€thepost_ is also 
~ Gi_theow:nll-lifting" of gain scorereliabilityseen ..n.apost­
test reliability is improved, it does n.x seem a tragic loss. The effect of the 
inaease in post_ variance to improve gain score reIiabiIit.y was tilly ....... 
for ~y con:eIated pre- and post-tests; it's influmee was far less fir the 
Iow<r amd.ati<Ds. Incnasiogthereliabilit.y of the plJ6t.te!t, howeva-, resulted 
inhijjlcr pin soorereliabililiGfor every ether situatial except where the pre­
an4 post_ c:mrcIsIiOll was bil!ll-

IMPLICATIONS 

Thepresmt study suggesIS that there are indeecl cmditiCIIS ~ ..ma.the 
use d' pinscaes in dII is pafedly acceptable, these c;mditiCIIS being 
(1) good pre- and post_ reliability an4 (2) low pre- an4 postolOl!t 
correIatiaa.; however, these caaditials may be mere dif\icult to obtain than 
may be expe<te<l, and may require some planning, if n.x a good deal of 
samdipity, OIl the part of the researdl.... F<r instance., if a gain score 
reliability of at least 0.6 is deemed necessary and the pre- and postolOl!t 
n1iabiIityis~ 0.7, that the CC1I:R1atiOll bctwem pre- and postolOl!t 
!haIIdnctexoeedapproximately 0.3, and probably Ihould be less. toprovi4e 
suflicimllybi3t pin scorereliabilit.y. This may be diffiadt to achieve in the 
case d' a "weak" -I, pedlaps even in the case of a "!IIrOIlg" treaImmt. 
Giveo. dIIt (l)tbeprete!t a:ul.postoIOI!t should.......so the same, pedlaps single, 
cognitive dimensim and that (2) the substaalive diffonn<:e in the pre- 8114 
pat.U!tscoresshould bedllt thepost_ niIoas that the stud.althas leameci 
more aIoog that aa.edimmsim, aa.ewould expect that thepreolOl!t and post­
test would share variance to a fair, pahaps high, degr:ee, regardless ofhow 
much additiooal leaming oo:um:d during the treaImmt. resnlting in a 
moderate to substantial c:mrcIsIioo be pre- and post-test scores. 
U!fatunIuiy,1bis is the VCI"'f c:iroumtanre that is likely to lead to difference 
scores ofpocr reIiabiIit.y. 

The present study also suggesIS that iaaeasing post_ reIiabiIit.y has a 
diIFcnubaI iIq>a<:t OIl gain score reIiabiIit.y over inaeasingpost-test variance, 
though it cataiDly does n.x hurt gain score reliability if b.xh occur as 
disaIssed in Feldt (1995). However, if prescDIe<! with the situstim ofbeing 
able to incroastl postolOl!t reIiabiIit.y even if sndl results in reduced postoIOI!t 
variance, the praalIicoer shoul4 take that stop, as the improvem<nt in gain 
sooretdiability achieved by iaaeasing the post_ reliability is substantially 
greater than the cam:spa1ding decrease in gain score reliability that results 
!ian the dettease in post_ variance. Of aJUrlIC, if the incn:ase in postolOl!t 
n1iabiIityialroduasz incn:ase in the CC1I:R1atioo bctwem pre- and post-test, 
then more study may be required; it eouId easily be the case that the 
improv_ in gain scare reliability inIroduced by the in_ in postolOl!t 
reliability is mere than offset by the decrease in gain score reliability 
simu"anrmsly inIroduced by the in=ase in pre- and post_ ooaeIaticn 

EPILOG 

The findinp c£ this researdl, wbile Moote-Carlo in nature. are c:at.aialy 
appli<:ableto "real WIX!d" silwltiCIIS where the c:msidendim C£the gain score 
isanea:ssary ca:apment C£ educalimala" _ Jndeed, the simulaIiaa.s 
allowthe~ of silwltiCIIS that may be c1ifticuIt to achieve with real 
data. one sndl """"'Pie being the case C£ the pre- and post_ ccxre\JItioo 
being moc!enae to low, and provide the measuremmt prc£ossimal with the 
abillty to aalicipstethereliabilit.y ofgain scores before ac:l1Wly" 'niag 
to1heiruso. As-n.theeffe<tsofvarioosfaaorsOIl gain scorereliabilit.y are 
presented sia1JJllane(llllSly, allowing f<r the direct c:amparism C£ differenres. 
In dosiugwbilethis paper represenIS an empirical study ofthepsydlom«rlc: 
propaties of gain scores, and by no means represents a study c:€ apprqIriate 
measures C£ gain, it is reasmable at this point to rcf1ec1 upm the use of the 
gain score as a measure of citange ia general and leamiag in spocific. 
Arguments for the importance of the ·n ",t C£ change abound, (Lian, 
1981; Ewell, 1984; NuI1aII, 1986; and Astin. 1987) a:ul.argummtsfirthe 
usefulness of gain SCClRS as measures of ........ iaa.al improvem<nt are 
numerous (Astin II: Ewell, 1985; aad MoMiJJan, 1988). Jndeed, if me 
........... that the test scores are unbiased estimat<rs C£ ability <r knowledge, 
thm the diffonn<:e bctwem the two should be 811 equally unbiased estimatot 
of citange regardless of the issues aDheddcd within niliability; however, the 
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pni>I"""icnabve C£ gain sccre reliability is well-<l()CIIQl""ed (CJmbac:h II: 
Furby, 1970; Overall II: Woodard, 1975; Wazren, 1984; and Pike, 1992), . 
though pahaps ~ in Crcnbach II: Furby (1970, p. 78) who write: 
"There appears to be no need to use measures of citange as d<peudmt 
variables andno virtue ia using them." 

Palut>sthe ...... shalld IIImfrom the reliabIlity of gain scores to the validity 
C£ gain sc:cres. OPe does n« need to dig VCI"'f cL:eply into the a "" 
lite:ralurc, pafoonanc:e. aulhentic, portfooo. <r otherwise, to lind that single 
"...".,.c£ cilange are rarely IX1bSidered appropriste; ca:aposites built fran 
multiple sources are prdared. F<r instance, c:andid .. es fcc Iic:cnsure ill 
teadIing are oftm assessed al a variety r£ dimmsioos, some oblique, some 
~ all appropriate to the domaia, genorating individual scores alms 
thoocsiagledin:lmsials1ha leadto a presumably mere!lable ~ sccre 
dIIt is derived according to a well-c:stablished plan. However, it is probably 
unwise, as Bald (1995) discusses, to assume that a rn<rC ca:aple:< sccrewill 
beiDhcralllymorefair1han the c:ompOllmts; indeed, a1Ithe issues associated 
with the individual uaidimmsima\ score anend the muIti-<limmsimal 
• J"" Test bias, diffa:ential validity, difformtiaI reliability have not 
hem ba:liIhedfranthe:rea\m;J3hcr,they arejust mere difficult to detect, and 
todllt cad, it is c:ssoDIial that propClties of the COIIIpCD ..... of ca:aposites are 
well...,.,dcrstood. 
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Figure 4 
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Notes 
1. py.,. = p= + (1 '"P=)/3 
2. crY'(' = l.2.5cr"", 
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