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1. Introduction 

Many large scale educational testing 

programs make use of alterηate forms of the 

same test, which are then equated to 

establish interchangeability among forms 

Alternate forms are constructed with different 

items to be as similar as possible in their 

content and statistical specifications. These 

testing programs usually have several distinct 

annual test administration dates (e.g., in 

March, June, and October) with different test 

forms given each date. 

Examinees who test at different times of 

the year may differ in their overall level of 

achievement due to such things as recency or 

amount of relevant coursework. If such group 

differences exist, it is recommended that a 

new form be equated to a form from the 

same time of year rather than to a form 

from a different time of year to obtain 

greater equating stability and to keep the 

scores more interchangeable by maximlzmg 

the similarity of groups used in the equatings 

(Kolen & ßrennan, 1995). As an illustrative 

equating plan, if a test is administered in 

March, June, and October, and the new 

March forms are always equated to previous 

March forms, June forms are equated to 
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previous June forms , and October forms are 

equated to previous October forms 

The similarity of groups is an important 

factor in obtaining good equating, particularly 

when the common-item nonequivalent groups 

design is employed to equate forms from 

different test dates (Harris & Kolen, 1986; 

Harris, 1987; Cook & Petersen, 1987). In the 

common-item nonequivalent groups design 

two groups of examinees from different 

populations are each administered different 

test forms that have a subset of items in 

common 

Although the equating a new form to an 

old form from the same time of year is ideal 

from the perspective of using similar groups, 

it has a significant problem: development of 

equating strain. Suppose a test is 

administered on different test dates and 

statistical characteristics (mean and standard 

deviation) of the sample administered each 

form are different on each test date because 

of different overall levels of achievement 

Different linking plans may be made for each 

time of year. If this linkage pattern were 

extended over several years, it would be 

called an equating strain, and the scores from 

the forms in different strains would be no 

longer comparable. 
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Equating strains can lead to systematic 

eπ'Or in which cxaminees eam higher scale 

sCQrcs Qn Qnc fQrm than Qn anQther fQrm 

(KQlen & Brennan, 1995). Equating strains 

can alsQ lead tQ randQm eπQr. RandQm 

equating error is present whenever samples 

frQm popuJatiQns Qf examjnees are used tQ 

estimatc cquating relatiQnships. Systematic 

equating elTor reslll ts from violations of the 

assumptions and conditions of the particular 

equating mClhodology llSed. Smoothing 

lechniQues, vioJalÎons of statistical 
assumptions, impropcrly implemented data 

collecliQn desi딩ns， and lhe substantial 

differences bClwccn lhe eQllating grollp and 

lhe operalionaJ grollP arc some examples of 

systematic crror SOllrces (Kolen & Brennan, 

1995). Whcn thc common item nonequivalent 

grQups design is used for equa디ng， the group 

differences across administrations, partic버arly 

if substantial, also affect the amount of 

systematic cquating error. Both randQm and 

svstcmatic crrors tend to accumulate over 

time, especially if a large number Qf test 

fQrms are involvcd in the equating process. 

Several ways lo avoid strains for the 

commQn ilcm noncquivalent grollps design 

wcrc suggcslcd by Kolcn and Brennan 

(1995): mjnimizing the number of links that 

affect the compó'lrison of SCQres on adjacent 

forms , minimizing thc nllmber of links back 

tQ lhe initiaJ fQrm, and so on. 

Whcn a scorc scalc has been in place Qver 

a number Qf years, however, strains are 

inevitable unlcss all new forms link back to 

a single old form. Thc effects of eQuating 

strains Qn eQuating eπQrs has nQt been 

extcnsivcly cxarnined. 

The purpose of this study was, firs t. to 

investigate the cxtcnl to which random and 

systematic crrQrs of CQuated SCQres in the 

cQmmon ilem non얹uivalent groups design 

arise when severaJ 여uating linkage pattems 

are construcled wilh only higher groups 

mean forms ‘ with only IQwer grollps mean 

fonns, or with a mixturc of lQwer and higher 

groups mean fQnns (see Figure 1 where 

differenl eQuating linkagc paths are 

illlls lraled). Second, this Sllldy investigated 

which eCi llating mcLhocls frcCiucntly llsed for 

the CQnunon itcm nonCQuivalent groups 

design are the least affected by lhe equating 

linkage paths thal arc uscd. 
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II. Methodology 

1. Constructing Forms 

This stlldv uscd fOllr 60 itcm ACT 

l'vlathcmatics forms (1\CT, Inc ‘ 1997) dcnotcd 

hc1'c as Porms 1\, B, C, and D. Randomly 

cquivalcnt groups took Po1'ms 1\ (2,696 

cxaminccs) ‘ B (2 ,670 cxaminccs) , C (2,617 

cxaminccs) ‘ and D (2，6~1 cxaminccs). Porms 

1\, B , C, and D do not havc an)' itcms m 

common 

Pivc 60 itcm Mathcmatics fo1'ms that 

containcd common itcms wc1'c const1'uctcd 

from itcms on thc original four forms. Itcms 

on cach of thc original four forms wcrc 

dividcd into th1'cc sc、ts of 20 itc、ms， such that 

thc contcnt and statistical cha1'actcristics of 

thc thrcc scts wc1'c as simila1' as possihlc 

Por Po1'm A thc thrcc scts of 20 itcms arc 

dcnotcd 1\1. 1\2‘ and J\ :'I. Itcm scts on thc、

othcr forms arc similarlv namcd. Thc itcm 

scts wcrc combincd to construct fivc forms 

dcnotcd P , G, II, 1, and J Porm P containcd 

itcm scts A1 , 1\2, and A:'I, and so was 

idcntical to 1'o1'm A 1'o1'm G containcd itcm 

scts 1\:,], B1, and B2, so that 1'o1'ms P and G 

had 20 itcm s in common. Thc forms wcrc 

constructcd so that pm1's of consccutivc 

forms had 20 itcms in common (c.g ‘ Porms 

l' and G had 20 itcms in common , Porms G 

and II had 20 itcm s m common, ctc.l. This 

formcd a coπU110n itcm cquating chain of ~ 

forms (J > 1 > II > G > FJ, whcrc J is 

thc ncwcst form to bc cquatcd to thc basc、

1'orm P through Po1'ms 1‘ 11. and G. In 

addition ‘ Porm l' and J had 20 itcms in 

common to allow Porm J to bc di1'cctly 

cquatcd to Porm 1'. Thc itcm scts uscd in 

1'orms 1', G, IL 1, and J, and thc scqllcncc of 
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fo1'ms in thc cquating chain arc givcn in 

Pigll1'c 1 

2. Population Differences and 
Constructing Equating Strains 

Itcm rcsponscs fo1' t hc for ms in thc 

cquating chain wc1'c gcncratcd from high, 

middlc, and low population distrihutions of 

ahility (IRT thcta distributions). Thc 

populat ion dist1'ibutions 、vcrc no1'mal, with 

standard dcviation onc and with mcans 

varying to rcp1'cscnt 100v, middlc, and high 

ahility populations. To choosc thc mcans, 

i\CT 1\sscssmcnt scalc scorc mcans obscrvcd 

on national tcst datcs fo1' thc past scvc1'al 

vcars \NC1'C rcvicwcd. Thc thrcc 100vcst scalc 

scorc mcans κcrc considc1'cd as mcans for 

thc low populations, whilc thc th1'cc highcst 

scalc sco1'c mcans wc1'c considcrcd as mcans 

fo1' thc high populations, and a middlc scalc 

scorc mcan was uscd as thc mcan fo1' thc 

middlc population. Scalc scorc mcans wcrc 

convcrtcd to mcans on thc IRT thctas scalc 

Data for thc、 ncκ form (1'o1'm J) and thc 

basc fo1'm (Fo1'm 1') wc1'c gcncr atcd to havc 

a thcta mcan of 0.177. Two scts of data 

‘vcrc gc、nc1'atcd for thc th1'cc middlc forms in 

thc chain of cquatings: onc from 100v 

populations (\vith mcans of 0.42‘ 0.47‘ and 

0.fï2 for 1'o1'ms G, II‘ and 1), and onc from 

hig h populations (、vith mcans of 0.03, O.OS, 

and O.Ei fo1' Po1'ms G‘ II, and D. In Pigu1'c 1, 

thc ACT 1\sscssmcnt scalc scorc on Porm A 

and thc co1'1'csponding thcta mc、an (in 

parcnthcsis) fo1' cach form arc shown 

Porms J and P wc1'c administcrcd to thc 

simulccs of thc middlc ability population 

Porms G, II. and 1 ‘vcrc administc、1'cd cithcr 

to a low ahility population sim ulccs or a high 
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ability pop니lation simulccs (high or 100v 

strains). This study considcrcd fivc paths 

linking thc forms usmg thc low‘ high ‘ 

mixccl1 (LII), mixccl2 (IIL) and basc、linc strains 

as rcprcscntcd in Pigurc 1. Equating using 

thc lmv strain is rcprcscntcd hv thc long 

dashcd lincs (through Porms G, II‘ ancl 1 on 

thc Icft sidc of Pig니rc 1). Eq니a디ng using thc、

high strain is rcprcscntccl by thc mixccl long 

and onc short dashccl Iincs (through Porms 

G, II, and 1 on thc right sidc of Figurc 1) 

Equating using thc mixcd1 (UD strain is 

rcprcscntcd bv thc solid linc altcrnating 

bctwccn thc two strains. T hc linc containing 

a long and two short dashcs that altcrnatcs 

bctwccn thc t\VO strains rcprcscnts thc、

mixccl2(1표) strain. Thc dottcd linc shows a 

dircct cquating, callcd basclinc, from Porm J 
to Porm 1', that will bc comparcd to thc、

cquatings basccl on thc longcr chains of 

forms 

3. Data Generation Procedures 

For this simulation study, clichotomous itcm 

rcsponsc data wcrc gcncratccl for simulccs 

Itcm paramctcr cstimatcs for cach itcm on 

cach form \vcrc obtaincd from B1LOG 

O\Iislcvy & Bock, 1990) assuming a thrcc 

paramctcr logistic illT modcl using cquating 

data from actual administ ration of thc ACT 

T hc cstimatcs wcrc t rcatcd as if t hcv wcrc 

paramctcr valucs in thc gcncration of simulcc 

rcsponscs. Thc spccific proccclurcs for data 

gcncrat lon wcrc: 

1. Gcncratc r andom ability paramctcrs for 

:-l,()()() simulccs from thc normal population 

clistribut ion \vith a standard dcviation of 

onc and mcans varying to rcprcscnt 10\ν-‘ 

middlc‘ and high abilit'., populations (c.g ‘ 
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mcan of 0.42 for Porm G for 100v 

population) , 

2. Computc thc probability of a sim ulcc 

corrcctly ans\vcring an itcm, 

:'l. Gcncratc a random numbcr from thc 

uniform distribution for cach itcm‘ 

4. Comparc thc gcncratccl numbcr from stcp 

:'1 to thc probability from stcp 2. Assign a 

onc (corrcct) if t hc random numbcr is Icss 

than or cqual to thc probabilit y : othcrwisc 

asslgn a 

zcro (incorrcct), 

5. Rcpcat stcps 2 thro니gh 4 for cach itcm , 

6. Rcpcat stcps 2 thro니gh :i for cach simulcc , 

7. Rcpcat stcps 1 to 6 for cach form 

4_ Equating Methods 

T hc cquating mcthods undcr considcration 

111 this studv arc lincar and curvilincar 

mcthods appropriatc for thc、 common ltcm 

noncquivalcnt g roups dcsign. Curvilincar 

mcthods cncompass both thc frcqucncy 

cstimation cquipcrccntilc cquating (thc 

frcqucncy cstimation, l\ngoff, 19R4) ancl illT 

mcthods 

Thc common itcm noncquivalcnt groups 

dcsign involvcs t\νo populations. Two 

pop니lations m ust bc combincd to obtain a 

singlc population , synthctic population , for 

dcfining an cquating rclationship. Thc 

synthctic group is a \vcightccl combination of 

two noncquivalcnt groups (Braun & IIolland, 

Flíl2). 1n this study, thc wcight of thc 

synthctic g roup was onc for ncw group and 

zcro for old group for lincar mcthods, thc 

frcqucncy cs timat ion mcthod, and thc 1nT 

obscrvcd scorc mcthod 

1n linca r cq니ating ， thc mcans ancl standard 

deviations on the tv,’o fonns for a particular 
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Figure 2
Weighted Random Errors of Each Strain Using Six Equating Methods
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Figure 3
Weighted Systematic Error of Each Strain Using Six Equating Methods
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Figure 4
Weighted Mean Squared Errors of Each Strain Using Six Equating Methods
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not obvious why such rcsults occurrcd 

Thc Tuckcr mcthocl and thc frcqucncy 

cstimation mcthod yiclclcd a similar pattcrn of 

\iVl\ISEs in thc high, low‘ mixcd1 (LII), and 

mixccl2(IIL) strains , although thc sizc of thc、

crrors 、νas diffcrcnt. Both mcthods rcquirc 

assumptions ahout charactcristics of thc、

이1scrvcd rclationship bctwccn total scorc and 

scorc on thc common itcms bcing thc samc 

for thc two populations. Thcsc common 

assumptions may Icad to thc similar pattcm 

of \iV:'vISEs for all st rains. For hoth thc 

Tuckcr mcthod and thc frcqucncy cstimation 

mcthocl. thc high strain and thc mixcd2(IIL) 

strain that includcd two high mcans and onc 

low mcan had lowcr \V:'vISEs than thc 100v 

and thc、 mixcd1 (LI l) strain that includcd t\VO 

low mcans and onc high mcan (Figurc 4) 

Thc rcsults inclicatcd cithcr morc or Icss bias 

dcpcncling on whcthcr thc nc、.vcst form. Form 

J, \vas cquatcd to thc high ahility gro니p (as 

in thc high and mixccl2(IIL) strains) 

administcrcd Form 1 or to thc lmv abilitv 

group (as in thc low ancl mixcd1 (LII) strains) 

administcrcd Form 1 

Thc morc clata scts thc strains havc in 

common (c.g , t hc high and mixcd2(I1L)), thc、

morc similar thc V\rrvrsEs for thc convcntional 

mcthocls arc. IIowcvcr, this cxplanation for 

thc diffcrcnccs m Wl'vISE among strains 

could bc applicd only for thc Tuckcr mcthod 

and thc frcqucncy cstimation mcthod‘ not for 

thc Lcvinc mcthods and thc InT mcthods 

For cxamplc, thc、 Lcvinc truc scorc mcthod 

prod니ccd a c]oscr r csult for thc low and thc、

mixccl2(1표) stra ins than thc rcsult for thc、

hig h ancl thc mixcd2(1!LJ s trains. \vhich havc、

morc data in common 

i\.nothcr tcntativc cxplanation for thc、

cliffcrcnccs in VlMSE among strains involvcs 

12H 

thc fact that sincc thc assumptions for thc 

Tuckcr mcthocls (c.g. , thc conclitiona l scorc 

variancc of uniquc itcms givcn common itι~m 

scorcs is thc samc for ncw ancl old form 

populations for thc Tuckcr mcthoclJ and for 

thc frcqucncy cstimation mcthod wcrc not 

mct. bias can hc cxpcctcd rcgarcllcss of 

κhich cq니ating strains κcrc uscd. T his hias 

may in part dcpcnd on whcthcr thc mcan 

diffcrcnccs bctwccn groups and forms arc in 

thc samc dircction (thc 10\νcr pcrforming 

group takcs thc hardcr form and thc highcr 

pcrforming group takcs thc casicr form) or 

thc oppositc clircction (thc lowcr pcrforming 

group takcs thc casicr form and thc highcr 

pcrforming group takcs thc hardcr form l 

Figurc G shows population raw scorc 

distributions for cach form if thc population 

administcrccl Form J hacl bccn administcrcd 

Form F , G. II. and L Form J stands out as 

bcing somcwhat morc clifficult t han thc othcr 

forms. Form J is involvccl only in thc first 

link to Form L In thc high and mixcd2(I1L) 

strains, bccausc thc casicr Form 1 was 

administcrccl to thc hcttcr pcrforming group 

(thcta = 0.149~ in F igurc 1) and thc morc 

difficult Form J 、Nas administcrcd to thc 

100vcr pc、rforming group (thcta = 0.1 77) thc 

mcan diffcrcnccs hctwccn groups and forms 

‘vcrc in thc samc clircction. On thc othcr 

hand, in thc lmv ancl mixcdl(LIIl strains, thc 

casicr Form 1 、vas aclministcrccl to thc lowcr 

pcrforming g roup (thcta = (Ei17l ancl thc 

morc clifficult Form J was administcrcd to 

thc bc、ttcr pcrforming gr oup (thcta = 0.177) , 

so thc mcan diffc、rcnccs hctwccn gr oups and 

forms wcrc in oppositc dircctions. Pcrhaps 

thc pattcrn of thc rclativc cliffcrcncc bctwccn 

thc group mcans and form mcans accounts 

for somc of thc diffcrcncc in bias of thc 



Figure 5
Population distributions for each form
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and mixcd2(IIU strains rcsultcd in Ic)\\rcr singlc cquating link. Thc、 cq uatmg crror 

wcightcd total crrors than thc low and 

mixccll (LII) strains. Thc Lcvinc mcthods and 

thc In.T mcthods also produccd Ic)\\rcr 

wcightcd total crrors in thc high strain. This 

docs not imply that practitioncrs sho니Id usc 

thc high strains whcn planning linking in 

practicc. Thc、 rcsults may bc spccific to givcn 

data bccausc, in part, thc simulation data 

violatcd thc assumptions for thc convcntional 

mcthocls and cquating itsclf is population 

dcpcndcnt. 'Whcn thc In.T mcthods 、，vcrc、

usccl. thc ‘vcightcd total C1τors wcrc similar 

across all strains. ìVhcn comparing cquating 

mcthocls in tcrms of wcightc、d total crror, thc、

InT mcthods produccd smallcst crrors across 

all strains, thc frcC]llcncy cstimation mcthod 

thc ncxt smallcst crrors, and thc lincar 

cquating mcthods produccd thc largcst crrors. 

IIowcvcr, it is not fair to dircctly comparc 

thc InT mcthods to thc convcntional mcthods 

with thc simulation data bccausc (1) thc、

simulation data κcrc gcncratcd using an InT 

modcl , so thc assllmptions for thc InT modcl 

wcrc pcrfcctly mct by thc data , (2) thc、

population cquating function , as thc critcrion‘ 

was cquipcrccnt ilc function llsmg thc、

population numbcr corrcct scorc distribution 

bascd on an illT moclcl‘ which is nonlincar ‘ 

and (:-l) thc simulatccl data violatccl thc、

assumptions for lincar mcthods. If thc data 

wcrc mllltidimcnsional or thc population 

cquating function κas lincar, t hc pattcms of 

bias for thc cquating mcthocls \vould likcly 

havc changcd. 

rcs ulting from llsing a singlc link may bc 

rcduccd by llsing multiplc Iinks (Kolcn & 

Brcnnan, 1995, p. 26L IIanson‘ lIarris , & 

Kolcn, 1997; Mckinlcy & Schacffcr. }SlS9). /\. 

topic for furthcr rcscarch 、νolllcl bc to 

invcstigatc thc pcrformancc of doublc linking 

κith cquat ing strains. /\.Iso, using simulation 

data gcncratcd from diffcrcnt modcls, 

including multidimcnsional modcls , incrcasing 

thc gr oup diffcrcnccs (in this stlldy thc 

diffcrcncc bct \vccn low and high groups was 

abo니t 2 scalc scorc points on thc /\.CT 

asscssmcnt scorc scalc) , ancl incrcasmg thc 

numbcr of links in cach strain could bc 

considcrcd for fllt니rc rcscarch. 
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초록 

공동문항 비동등집단 섣계에서 

동등화 연결선 (equating strains) 이 검사 동등화 

오차에 미치는 영향 

반재천 . Bradley A. Hanson . Deborah J. Harris 

(한국교육과정평가원 .CTB에1cGraw-Hill . ACT, lnc.) 

검사동등화플 적용하는 대규모 검사프로그램 

의 경우 여러 가지 난이도플 가진 검사폼(test 

form)탈이 고리처럼 연결되어 검사점수달이 상 

호 비고I 가능하게 된다. 본 연구는 연결되는 

모든 검사의 평균점수가 높거나 낮을 때， 혹은 

높고 낮은 검사가 섞여 있을 때 생갚 수 있는 

오차(무선오차와 체계적 오차)의 정도플 탐구하 

였다. 이 연구에서는 공통문항 비동등집단설겨]볍 

(common-item nonequivalent groups design)을 

이용하였다. 시율레이션을 통해 어떤 검사동등 

화법이 여라 유형의 동등화 연결선 (equating 

strains)에 영향을 적게 받는지플 탐구했다. 

High strain 은 평균점수가 높은 검사만으로 연 

결된 것을 말하고， Low strain 은 평균점수가 낮 

은 검사만으로 연결된 것이며， Mixedl (LH)는 

평균점수가 낮고 높은 검사뜰이 교대로 연결된 

것을 말하며， 마지막으로 Mixed2(HL)는 평균점 

수가 높고 낮은 검사탈이 511대로 연결된 것을 

말한다. Tucker와 빈도추정볍 (frequency esti 

mation method)을 사용했을 때， Low와 Mixedl 

(LH)에서 보다 Higher Mixed2(HL)에서 전체오 

차가 낮았다. Levine방볍파 IRT방법을 썼을 때 

는 High strain에서 전체오차가 작았다. IRT방 

법은 연구에 사용된 유형 모두에서 전체오차가 

비슷했다. 결론적으로 IRT방볍이 연구에 사용 

된 유형의 연결선 모두에서 오차가 가장 적었 

고， 빈도추정법이 다음으로 적었고， 선형동등화 

방법이 가장 오차가 컸다. 그러나 시율러]이션에 

사용된 자료가 IRT모델의 가정을 모두 충족한 

반면 다른 방법들의 일부 가정에는 맞지 않았 

을 수 있다. 
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