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COMPARISON OF THE FIT JF EMPIRICAL OATA TO TWO LATENT TRAIT
MOOQELS

LEAH Re HUTTEN
UNIVERSITY O MASSACHUSETTS, AMHERST

LATENT TRAIT THEORY HAS SHOWN GREAT PROMISE FOR SOLVING
A MULTITUDE JF MEASUREMENT PROBLEYS THAT HAVZ NOT BEEN HANOLEZD
ADSQUATELY BY CLASSICAL TEST THEGRY. ONZ OF THE MOST
IMPOITANT GAINS TO BE MADE USING LATENT TRAIT THEORY IS IN THE
FIZLD OF TEST EQUATING. WITH LATENT TRAIT ABILITY ESTIMATES,
IT IS POSSIBLE TO EQUATE TESTS WHICH ARE NOT PARALLEL, ANO
WHIC4 0O NOT EVEN CONTAIN THE SAME NUMBER OF ITEMS. THE
NATIINAL READING TEST EQUATING STJDY (RENTZ AND BASHAW, 1975)
HELPZO SPUR INTEREST BY PRACTITIONERS IN LATENT TRAIT ABILITY
ESTIMATION. THEQRETICALLY IT IS NOW PISSIBLE TO CONDUCT
EVALUATIVE STUDIES ON SC400L CHILDREN WH3 MAVE TAKEN OIFFERENT
ACAIZVEMENT TESTS. A SECOND IMPRIVEMENT BROUGHT ABOUT THROUGH
THE JSE OF LATENT TRAIT MODELS OCCURS IN THE FIELD OF TEST
DEVE.OPMENT. HERE, IT I3 POSSISLE 7O DESIGN TESTS AT
SPECIFIC OIFFICULTY LEVELS, WHICH CAN BE HIGHLY DISCRIMINATING
WITHIN GIVIN ABILITY RANGES. TESTS CAN 8E “TAILOIED"™ TO
STUDENTS* INDIVIOUAL NEEDS.

BECAUSE MAJOR IMPROVEMENTS IN MEASUREMENT ARE EXPECTED
USINS LATENT TRAIT THEORYs, SCHOOL SYSTEM3S AND GOVIRNMENT
EDJCATIONAL JRGANIZATIONS AROUND THE COUNTRY HAVE SHOWN
INCREASED INTEREST IN USING LATENT TRAIT MOGCELS. THIS
INCRIASE IN INTEREST IS ALSO ATTRIBUTED TO THE THEGKY'S
INCRZIASING ACCEPTANCE BY THE MEASUREMENT COMMUNITY ITSELF, AND
FINALLY,s TO TECHNOLOGICAL AOVANCES IN BOTH LATENT TRAIT
PARAMETER ESTIMATION ANC COMPUTER METHODS. ALTHIUGH WE ARE

JUIRINTLY YTITNESSING THE uSt OF LATENT TRALT MODELS TN 4




VARIETY OF LPPLIED SETTINGS (SEE, FOR EXAMPLE, HAMBLETON
ET.AL.y 19737 RENTZ AND RENTZ, 1978)., MANY 3ASIC RESEALRCH
QUESTIONé CONCERNING LATINT TRAIT THEORY HAVE NOT YET EEEN
SATISFACTIORILY ANSHWERED. THE RESZAKCH REPORTED IN THIS STUOY
WAS JESIGNEG TO PROVIOE NEEDED INFORMATION FOR EFFECTIVE
APOLICATION JF LATENT TRAIT MODELS BY FRACTITIONESRS.

PURPOSE

THE PRIMARY QUESTION ALORESSID IN TH4IS STUDY WAS HOW WELL
DO EMPIRICAL DATA FIT THI ONE AND THREE-PARAMETER LCGISTIC
LATENT TRAIT MODELS,THE MCOELS OF MOST CJRRENT INTERES1 IN THE
MZASUREMENT COMMUNITY. ALTHOUGH THERE ARE MANY CLAIMS THAT
BITH ACHIEVEMENT AND APTITUOE DATA FIT RASCH (ONE-PARAMETER)
MOJELSs ANO ZQUALLY STRONG CLAIMS CONCERNING FIT JF DATA T3
THE THREE-PARAMETER LOGISTIC MODEL, LITTLE KESEARCZH HAS
ADIRISSED THE QUESTION OF COMPARA3LE MODZL FIT. THREE
QUZISTIONS SEEM ESPECIALLY IMPORTANT:

1.SH3ULD THE PRACTITIONEXR SE.ECT THE RASCH v00EL WITH ONE
TY?E OF OATA, AND THE BIRINBAUM (THREE-PARAMETER) MOOEL FOR
OTHER KINOS OF CATA?

2.15 THERE IMPROVEMENT IN MODEL-CATA FIT FOUND BY USING
THZ THREE-PARAMETER MODEL, KATHER THAN THE KASCH MODEL?

3.HOW CAN PRACTITIONERS DETEIMINE WHICH TEST MODEL (THE
ONI IR THREE-PARAMETER M3IGEL) BEST SUIT THEIR DATA?

ANSWERS TO THE ABOVE QUESTIONS HAVE BEEN SOUGHT
PRIMARILY THROUGH SIMULATION STUDIES. THERE IS INSUFFICIENT
EVIDINCE FAVORING ONE OR THE UTHER LATINT TRAIT MOOELS FROM
RESEARCH USING EMPIRICAL DATA. WHAT FOLLGOHWS ARE SOME RESULTS




THAT HAVE BEEN ACCUMULATZIL CONCERNING MQJZlL FIT. HAMOLETON
AND TRAUS (1973) COMPARE) THE ONE AND TWO-PARAMETERK LGGISTIC
MOJELS WITH VERBAL ANDO MATH APTITUDE OATA USING HEUKISTIZ
ESTIMATES OF LATENT TRAIr ITEM PARAMETIRS. I9PROVEMEMNT IN
FITs OEFINCD BY A CHI SQJARE TEST BASED ON O3SERVED AND
EXPESTED RAW SCORE FREQUSENCIESs WAS FOUNJ FOR THE
THWI-PARAMITER MODEL. A RECENT STJDY BY <3CH AND RECKASE
(1373) EXPLIRED THE FIT JF THE ONZI AND THFREE-PAXAMETER
tn5I3TIC MODELS FOR APTITUDE AND ACHIEVEMENT TEST OATA USING A
MIAN SQUARE DJDEVIATION STATISTIC. 1IN THIS STUdy, THE -
THREZ-PARAMETER MOOEL CONSISTENTLY FIT DATA 3ITTER THAN THE
ONE-PARAMETER MCDEL. UNFCRTUNATELY, THE SAMPLING DISTRIBUTION
FIOR THE MEAN SQUARE DEVIATION STATISTIC IS UNKNOWN, AND THUS
THZ RESULTS OF THIS STUDY HAVE QUISTIONAEBLE VALIDITY. RENTZ
AND RRENTZ (1978) COMPARED THE FIT COF APTITUDE, ACHIEVEZMENT,
AND CRITERION REFERENCED TEST DATA TO THZ RASCH “0DEL. USING
THZ ARIGHT AND PANCHAPAKISAN (1963) FIT STATISTIC. IT WAS
RZPOTED THAT THE RASCH MOCEL ADSQUATZILY IEPRESENTED THESE
THREZ DIVERSE KINDS OF DATA. A CIOMPARISION OF THE ONE, TH3,
AN) THREE-PARAMETER MODELS WAS CONDUCTEOD B8Y HAMBLETON AND CO3K
(1378) UTILIZING SIMULATED CATA. THIS TICHNIQUE ALLOWEDG THE
RESEARCHERS TO COMPARE ESTIMATED 2AKAMETCKS TO THE TRUE VALUEZS
FRIM WHICH THE. DATA WERE GENERATED. THESE wKESEARCHERS FOUND A
SISNIFICANT IMPROVEMENT B8Y EMPLOYING THE THREZ-PARAMETER
LOSISTIC MOCSL, ESPECIALLY WITH SHOKT TESTS.

THE RESJLTS FROM THIS STuDY PRGVIOE AN INDICATION 0F THE
ADZQUACY JF LATENT TRAIT THEORY FOR EXPLAINING TEST BEHAVIOR.
THZ RESULTS INCLUDE EVIDINCE ON WHICH OF THE ONE DOR
THREE~-PARAMETER LOGISTIC MODELS BZIST SUIT VARIOUS TYPES OJF
JATA. HOPEFJLLY, THE INFORMATION PROVIDEC HERE CAN SERVE AS A
GUIDZ FOR PRACTITIONERS IN SELECTING LATEINT TRAIT MODELS FOR
USZ IN TEST ZONSTRUCTION AND TEST ANALYSIS.




RESEAXCH QUESTIONS

ITEM DISCRIMINATION AND GUESSING

THE RASCH MODEL IS BASED ON THE PREMISES THAT ITEM
DISCRIMINATION IS EGQUAL “CR ALL ITEMS ANQ THAT GUZSSING 00¢€3
N3T OCCURe TAHO QUESTIONS ARISE IN THIS ZONNECTIONt {)HGW CAN
ONZ DJETERMINI IF THESE ASSUMPTIINS ARE FJLLFILLED IN A CATA
SET?s ANC 2) 324N OATk FIT THE RASCH MODEZL EVEN WwHEN THE
ASSUMPTIONS A<E VICLATEC? 1T I3 OIFFICJLT TJ ASSUME THA
SUZISSING OJES NCT TAKE FLACZ OH MJLTIPLI CHOQIZE TZST3. AND YZT
THZ ASCH MIDEL IS CCNSIJEFED KOBJST WITH RESPECT 7C 7H
SINDITICN (MZ40y 1976), 4 NUMBER OF PIAZTICAL PRICE
BIIWN SUGGESTZO TO CETEFNINE THE EXTENT OF GUESSING CN 1TEMYS.
UNFORTUNATZLY, MOST METHILS O03S5CURE THE 22SSIBILITY THAT
SUZS3ING vAY 3E AS HUCH PERSON OR ABILITY RELATED 4AS ITEM
RELATED (JENSEMA, 1274}, IN TH1S CASE, NEITHZR THE RASCH Ok
FHZ THREE-PARAMETER MCCE. WOULL B2 AN AQZQUATE CZ>3CrRIPTIIN GF
TEST BEHAVIORe PRACTICAL METHOLS AFRE UTILIZED IN THIS STUDY
T3 EXPLORI THE EXTENLT OF GUESSING IN A CATA SET.

THO STRING POSITIONS AFRE TAKIN CONCUIRNING THE FASCH
MOJEL ASSUMPTION GF ECUAL 1ITEM4 SISCRIMINATION., BIRNBAUMI
13581, RJISS (1366)y AND H4MILETIN AND TZaug (1973) FOUND
SONSISERAZLE VARIATION IN I7EY SISCRIMINATICN FOR EMPIRICAL
OATAe. NEVESTHELESS. 1N STULIES UT THE <ASCH MO0zl RESULTS
TY2TISALLY SHDN THAT TrE MOCEL I35 FAIRLY RC3UST WITH RESPECT TO
VAIYING ITENM OISCRININATIUIG. FOR EXAMPLI, DINEmD AND HAERTEL
(1377) EXPLORZO SIHMULATED SATA N WHICH CJ_ALSICAL ITEM
DISCRIMINATIOIN WAS VLRIES UP T0 .25 VA<IANCE. THEY FOUND NO
MAJOR REQUISTION IN FIT T3 THE KASCH MO0LEL. ON THE OTHER HAN3,
STJOIZS BY HAMBLETON ANC TOCK (197g¢) ANT €Y HAMILETON AND3
TRAUI (1376), FLUND THE JPPCSITe ESULTs ESPECIALLY WHEN THe
RANGI OF VARIATION IN ITEM PAKAMETEKS Wi3 LARGE.




.THE RANGt OF ITEM OISCRIMINATIGON CAN BE JETERMINED, TD
AN EXTENT, BY EXAMINING CLASSICAL ITZIM CISCRIMINATION
PARAMETERS. THERE ARE NJ REAL GUIODELINES AVAILAILE FOR
DETEIMINING AT wWHAT PQOINT THE KRANGE J3F ITEM OISCRIMINATION
PARAMZTERS I35 TUO GFEAT TQ FIT ASSUMPTIINS OF THE RASCH MIOCE..
THIS POINT IS ADORESStD IN THt RESULTS ANO CONCLUSIONS CF THIS
STuoY.

UNIDIMENSIONALITY

THE ASSUMPTION THAT OATA ARE UNIDIMENSIONAL IS AN
ASSUMPTION UNZERLYING NEARLY ALL JF THE POPULAR LATENT TRAIT
MOOELS. A SINGLE ABILITY, OR LATENT TRAIT, IS ASSUMED TO
JNJERLY ITZM3 IN A TEST. IN PRACTICE, FZIn TEST'S AKE TRULY
UNIOIMENSIONAL USING A FACTOR ANALYTIC MITHGCO. IT IS
CUSTIMARY TO FIND LESS THEN 25 7 JF A TESTS TOTAL VARIANCE
ACZOJNTED FOR BY A FIRSTs OR GENERALy FASTOR « HAMBLETON AND
TRAU3 (13761 FOUNG, WITH ARTIFICIAL DATA, THAT VIODLATION OF
THZ ASSUMPTIIN CF UNICIMINSIONALITY LED TO POJOR FIT FOR DATA
TO T4E RASCH MCCELe.

A NUMBZIR OF TESTS FIKk UNIDIMINSIGNALITY HAVE BEEN
OF“ERRED BY VARIOUS RESEARCHERS. LUMSDEN {13961) REVIEWED FIVE
METHIBS FJIXR ASSESSING UNIDIMENSIONALITY AITHIN THZ CONTEXT C*T
TEST DEVZLOPMEINT. AND CONCLUOEGC THAT FACTCR ANALYSIS IS THE
MJIST PROMISING METHOOD. LATENT TRAIT RESZIARCHZIKS HAVE USED
PRINZIPAL ZOMPONENT ANALYSIS, MAXIMUM LIKELIHOOO FACTOR
ANABLYSIS, AND PRINCIPAL AXIS COMMON FACTIR ANALYSIS TO
DETERIMINE JUNIDIMENSIONALITY IN THZIF DATA. THERE EXISTS SOME
DISAGREEMENT IN THE LITERATURE CONCERNING THE CORRELATION
MATRIX THAT IS MOST APPFIOPRIATE FOR FACTOR ANALYSIS: PHI
COIFFICTENTS OR TETFACHCRICS. THE LATTER REPRESENTS A
MEBASJRE OF RILATIONSHIP BETWEEN TAO ASSUMEOD LATENT VARIABLES
SCJIZD DIZHOTOMOUSLY. NIOT ONLY DOES THIS ASSUMPTION AGREE
WITH THE PREMISES OF LATENT TKRAIT THEGQGKkY, BUT ALSO, USING
TZTRACHGRIC ZORKELATIONS IMPROUVES THE CHANCES FOR OBTAINING A&




FACTIR ANALYTIC SOLUTIONe REGAROLESS CF THE STATISTICAL
TESHVIQUﬁ USED TO DETERMINE UNICIMENSIONALITY, ONZI PERPLEXINS
PRII.EM REZMAINS: DATA CAN BE UNIDIMENSIONAL FOR ONE SAMPLEZ AND
NOT FOR ANDTHER. CURRENTLY, NG STATISTICSAL TECHNIQUE CAN
SJOLVI THIS PROIBLEM. BOTH THE RASZH AN] THREZ-PARAMETEZR MODELS
AT INVESTIGATED HERE WITH RESPECT TO HOWA WELL THEY FIT DATA
OF VARYING OIMENSIONALITY BASED OV A FACTOR ANALYTIC
CRITZRION.

SAMPLE SIZE AND TEST LENGTH

ONE MAJOR SOURCE OF CISAGREEMENT BITWEEN LATENT TRAIT
THZORISTS CONCERNS THE MINIMUM PZIRSON AN ITEM SAMPLE SIZES
NEE0DZ0 T3 OBTAIN CONSISTZNT LATENT TRAIT PARAMETER ESTIMATES.
THZ LOGIST COMPUTER PROGRAM MANUAL (WOLO, WINGERSKY, ANO LORJD,
19760 SUGGZSTS MINIMUMS JF 40 ITEMS AND L1CO0J PERSUNS. WRIGHT
(1377) CONTENDS THAT SHALL SAMPLES (10C 2ERSINS) ARE
SUFFICIENT F3R EFFECTIVE ESTIMATION. THIS STUDY EXPLORES FIT
JF SHALL SAMPLE DATA (20 .TEMS, 250 PERSINS) TO THE RASCH AN3
THREE-PAIJAMETER MODELSe A CONSIOZIRA3LY 4ORE ZIXTENSIVE 35TUDY
OF THIS PRIBLEM HAS BEEN PREPARED BY SWAMINATAAN ANG GiFFORCD
(1373).

GJDJDNESS=-JF-FIT

MANY DEFINITIONS FOR GOOONES3-0OF-FIT APPZAK IN THE LATENT
TRAIT LITERATURE (HAMBLETON, 1973). NOT ONLY DO DEFINITIONS
OF FIT VARY FROM AUTHOK TGO AUTHGRs BUT MITHOOS FIR TESTING FIT
OF MJOELS TO DATA VARY FRICOM MOOEL TOC MOJZL. MANY OF THE
STATISTICAL YMSASURES EMP_OYED FOR TESTINS GOOONESS-0F-FLIT ARZ
CONSIDERED UNSOUND (BIRNBAUM, 1963). THZ CHI SQUARE TEST IS
OFTEN UTILIZED FOR GOOONESS-0F=-FIT, THGUGH, GIVEN A SUFFICIENT
SAMPLE SIZE, MOST OATA WILL BE REJECTED 3Y THIS MEASURF.
NEVERITHELESS, THIS AUTHOR HAS CHO3SEN TO EMPLOY CHI SQUARE TEST




STATISTICS IN THIS STUOY. SINCE THE STUJDY IS COMPARATIVE IN
NATURE, ONLY RELATIVE FIT NEEO BE ASSESSED. IN ADDITION, A
METHOO0 WAS NEEDED THAT WJIULD 3E APPROPRIATE TO BOTH MOLELS
UNJER STUOY. THE CHI SQUARE STATISTIC MZETS THESE CRITERIA.

METHODOLOSY

DZSCR/IPTION ANDO PROCESSING OF TEST DATA

FIVE DATA SETS WERE SELECTED FOR THIS STUDY!

1.CALIFIOINIA TEST 0F BASIC SAILLS =~ VOCABULARY SUSTEST,
GRADZ 103

2.CALIFORNIIA TEST JF BASIC :IILLS - MATH COMPKEHENSION
SuBT&ST, GRAGE 103

3.SCHOLASTIC APTITUJE TEST - VERBAL, GRAJE 1279

LoSTANFIRD ACHIEVEMZINT TEST - VOCKBULARY SUBTEST, GRADE 53
5«STANFJIRD ACHIEVEMINT TEST - SCIINJE SUBTEST. GRAGE 5.

TESTS WERE SZLECTED TO CIOVER A RANGE OF 30TH CONTENT AND

5WMDI LEVELSs TWO LIMITATIONS WERE PLACZU ON CATA SELECTIGN.
FIJST, A MINIMUM SAMPLE SIZE OF 1000 WAS KEQUIRED (AT A SINGLE
5M0Z LEVEL)e SECONDLY, THE MINIMUM NUM3ER OF ITEMS IN A TEST
I SUBTEST WA> FORTY. EACH OF THE TESTS SELECTED FOR STUDY
WAS FOUNO TO BE RELATIVELY UNIOIMINSIONAL. IN PILOT ANALYSES,
IT WAS FOUND THAT PARAMETER ESTIMATION FIR DATA WHICH IS NOT
UNIDIMENSIONAL OFTEN COES NOT REACH CONVERGENZE WITHIN A
RIASINABLE TIME LIMIT (400 COMPUTZR SECONGS). ANALYSIS OF
DATA SETS THAT 0O NCOY HAVE A DOMINANT SINGLE FACTOR IS PLANNZID
IN THE NEAXR FUTURE.

A FLOW CHAKT OEPICTING THE OZSIGN OF THIS STUOY IS
PRESENTED IN FIGURE 1. “GR EACH DJDATA SET, THE FOLLCWING 3TE®PS




WERE EXECUTEJ. EACH TEST OR SUBTEST WAS SCORED 8Y A FORTRAN
PRIGIAM. THI TETRACHORIC CORRELATION MATRIX WA> OBTALNED AND
FASTIR ANALYZED USING 1 PRINCIPA'. CCOMPONINTS SCOLUTICON.
RISULTS O0F THE FACTOR ANALYSIS ARE USED TO CHARACTERIZE OATa
IN TIRMS J3F JIMENSICNALITY, FOLLIWING THE FACTGR ANALYSIS, A
RANDIM SAMPLEI GF 1000 CASES WAS DRAWN FRIM THE TOTAL SAMPLE.
THIS SAMPLE WAS RETAINED FOR FURTHER ANALYSIS. CLASSICAL ITIM
ANALYSIS AAQS PERFORMEL TJ CHARACTERIZE TESTS IN TEZRMS OF
STANDARD TESTING METHOOOLOGY AND TO COMPARE CLASSICAL WITH
LATENT TRAIT RPAKAMETER ESTIMATES. FIR ZACH TZS5T THE AVERAGE,
RANGZy AND CIONFIDENCE SAND FOR ITEM-TOTAL CORRELATIGCNS WERE
CALCULATED 7O EXAMINE THZ ASSUMFTION OF ZQUAL ITZM
JISCRIMINATION., IN AfDITIONMN, CLASSICAL ITEM DIFFICULTIES FOR
T4S LOWEST QECILE OF EXAMINEES WERE COMPJTED AS AN INCICATOK
0F GJUESSING ON OIFFICULT ITEMS.

==<~INSERT FIGURE 1 AXKOUND HERE-==--

IN THE NEXT PHASE OF THE STUJY, ITEM ANJ ASILITY
PARAMETERS WERE ESTIMATED UNOEKR THE ONE AND THREE-PARAMETER
MODJELS FOR EIGHT SAMPLINS CONDITIONS. TAO3 SAMPLZT SIZES, 25¢C
ANJ 1000 PERSINSy AND TWO TEST LENGTHS, 20 ANJ "TOTAL"™ ITEMS,
WERE USEJ. SAMPLES OF ITEMS AEREI SELECTED BY RANSOM METFODS,
RANDIM SZLICTION OF PERSONS UTILIZEL A SPACED SAAPLING
TESHNIQUE AFTER VERIFYING THAT THZ ORIGINAL SAMPLE OF

- EXAMINEES WAL3 NUT OPDERED « PARAMETER ESTIMATION WAS

AZCOMPLISHED THROUGH THE LOGIST CJIMPUTER PROGRAM (WCOD,
WINGERSKY, AND LORD, 1975).

SINCE THE INPUT PARAMETER SET FIR EACH LOGIST EXECUTION
VARIZD GREATLY (OVEr 50 PAXAMETERS CAN B8% SPECIFIZO)s AN
INTERACTIVE TIME-SHARING FORTRAN PROGRAM, LOGPREP, WAS
DISISNED TIO CREATE INPUT FILES. FOR MOST THREE-PAKAMETER
MIJEL RUNS THE GEFAULT OPTIONS OF LOGIST WERE USED. THE
ONZ-PARAMETER MGDEL IS ESTIMATED 3Y FIXING GUESSING AT ZERD
AND ITEM OISCRIMINATION AT ONE, JUTPUTS FkOM LOSIST ALONS




WITH THE QAN OATA WERE INPUT INTO A FORTRAN PROGRAM, THETITH,
TO O3TAIN RRAA AND EXPECTED KAW SCIRES UTILIZING THE
APPRIPRIATE INE OR THREE-PARAMETER ITEM [HARACTERISTIC
FUNCTIONS. THE RAW SCOKE IS ODEFINED AS?

{(2.1)

WHERZ U =1 IF THE ITEM IS ANSWERED CORKEZTLY AND U =0,
OTHERWISE. THE EXPECTED RAW SCORI BASED ON LATENT TRAIT
THzZ0RY ISt

(2.2)

WHIRZ P () IS THE PROBA3ILITY OF A CORRICT RESPONSE ON ITEM G
3Y PEZRSONS WITH ABILITY LEVEL THETAs « TO COMPARE OBSERVED
AND ZXPECTZD AW SCORES (UNDER EAZH MOJEC) IT WAS NECESSARY TO
ROUNJ EXPECTEZ3 RAW SCORES TO THE CLOSEST INTESER. FINALLY,
EX2EZTED AND JBSERVED RAW SCORES AND GKJOJPED RAW SCORE
FRIQUENCIES WERE OBTAINED USING SPSS. AN INTERACTIVE FORTRAN
PRIGRAM, THISQy WAS USED TO PERFOIM CHI SGUARE TESTS FOKk EACH
MOJEL~SAMPLE-TEST LENGTH COMBINATION.THE CHI SQUAXE IS DEFINED
AS3

(2.3)

O STANCUS FOX THE OBSERVE] FREQUENZY AND = INDICATES EXPECTED
FREQJUENCY.

TO ASSESS THE INFLUENCE JF SAMPLE SIZE ON ESTINATING
ITZM PARAMETERSs AN ACOITIONAL LOSIST RUN WAS EXECUTED UNDEFR
THZ ASSUMPTIONS OF EACH MOOEL. THESZ UNS USID asILITY
ESTIMATES (THETA) FROM THE 1000-PERSON SAMPLE AND RECOMPUTEC
ITZM PARAMETERS ON A SMALL SAMPLE OF 250 PERSONS. ANALYSIS OF
ITEM PARAMITIRS WAS THEN ACCOMPLISHED USING THE ADAPT
INTERACTIVE STATISTICAL PACKAGE (A TIME-SHARING, APL-(ASED
STATISTICAL ANALYSIS PACXAGE). ANALYSIS INCLUDEO PEARSON AND




SPIARMAN CORRELATIONS BEFWEEN SMaLL AND _ARGE SAMPLE
PARAMETERS UNDEK THt TWO MOCELS, AND IN ADGITION, THE AVERAGE
ABSOLUTE DIFFERENCE BETWEEN SMALL AND LARGE SAMPLZ PARLMETEKRS
UNJER THE TWO MOOELS WwS OBTAINED. A SIMILAR PRICECURE HWAS
UTILIZED T3 ANALYZE ABILITY ESTIMATES FROM SHIORT 4AND LONG
TESTS. IN THIS CASE, ITEM PARAMETERS FOR 20 ITEMS (FROM THE
OVERALL *“TOTAL™ TEST LENGTH ANALYSIS) WERE USEDs AND ABILITY
ESTIMATES AERZ RECOMPUTED FOR THE SHORT TEST UNDEZX THE ONE AND
THR/EZ-PARAMETZIR MODEL ASSUMPTIOCMNS. THE RESULTING PARAMETER
ESTIMATES WEREZ ANALYZED, AS ABOVE, WITH THE ADAPT STATISTICAL
SYSTEM,.

FOR €ACH LOGIST COM2UTER ESTIMATION JOST WAS TALLIED.
THZ TWO MOOELS ARE EXPLORED IN TEIMS OF THEIXR COMPUTER CIJSTS.
CISTS ARE PRESENTED FCR EACH TEST AND FOR VARIOUS ITEH AND
PZRSIN SAMPLZ SIZES.

BECAUSE A NUMBER OF THE RESU.TS OF THIS STUDY CONFLICTE)D
WITH THE PREZDICTIONS DERIVED FROM THE THIGCRY JF LATENT TRAITS,
ADDITIONAL ANALYSES WERE MADE TO CHECK THEZ RESULTS. FOQUR
ADDITIONAL LJIGIST ESTIMATIONS WERE EXECUTED UN THE SCHOLASTIC
APTITUDE VEFRBAL SUBTEST. 1IN EACH CASE 4 THWENTY (20) ITEM
SUBSIT OF JATA WAS USED. ONE SUBSET WAS DESIGNED SUCH THAT
THE [TEM DISCRIMINATION PARAMETERS WERE ZQUAL ( A .03 RANGE
AR2UNO THE MEAN POINT-B8ISERIALY. A SECOND SU3STEST wAS
DISISNZD SO THAT THERE RISULTED UNZICJUA&LL ITEM SISCRIMINATIONS
{JUTSIDE JF A <1 KRANGE ABCUT THE MEAN PIINT~ 3ISERIAL).
ANBLYSES AERE THEN PERFCIMED ON THESE DATA TO COMPARE THE ON:Z
ANJ THREE-~PARAMETER MOCDELS.

RESULTS

FIT JF THE ONI AND THREE-PAKAMETZIR LOGISTIC MOGELS




FOR EACH OF THE FIVE DATA SETS, THE EXPECTEO RAW SCORE
DISTRIBUTIIN FIT THE OBSERVED RAW SCORE JISTRIBUTION RETTER
FIR THE ONE-2ARAMETER MOOEL THAN FOK THEZ THREZ~PARAMETER
MOJDEL. CHI SQUAREZ STATISTICSs AVERAGZID ACROSS FIVE TESTS. ARE
PRESINTED IN TABLE 2. CHI SQUARE STATISTICS FOR EACH
INJIVICAUL TEST ARE PRESENTED IN TABLE 3. THE CHI SQUAKRE
STATISTICS FOR SMALLER SAMPLE SIZES ARI _ESS IN MAGNITUDE. AS
ONE AQULD EXPECT, ALTHOUGH THERE RERE SOME CONFLICTING RESULTS
IN THE DATA. FOR THE ONE-PARAMETER MOOE., THE SHIRT TESTS
YIZLJED BETTER FITS. THE OPPOSITZI KESULT HCLOS FJIR THE
THREZ-PARAMETER MODEL. THE DIFFERENCE IN MAGNITUJES FOR THE
CHI SQUARES IN TABLE 3 MIGHT B8 ATTRIBUTZD TO THE WAY IN WNHICZH
T4Z SCORES WERE GROUPED, ESPECIALLY FOR THE LONG TEST WHICH
CONTAINED A VARYING TOTAL NUMBER JOF ITEMS. SCORES WERE
USJALLY 50UPZD INTO SIX CATEGORIZS, BUT IN SOME INSTANCES THE
LOAEST RAW SCIRE GROUP HAL FREZEQUENCIES TOO LOW FOR COMPUTING
THZ SHI SQUARE STATISTICe. IN THIS CASEs THE LOWEST TWO SCORE
GRIUAS HERE COMBINEO. ON 20-1TEM TESTS, THE FIRST CATEGORY
INCLJOED SCORES 1 THROUGH &4,y WHERTAS ALL OTHEZR CATEGORIES
CONTAINEDO 3 SCORESe ON LONGER TESTS, FIVE OR MORZI kAW SCORES
COMPISED EACH GROUPINGs AITH THE ZXCEPTION GF THE LCWEST AND
HISHZST SSOFEZ GROUPS. THESE CONTAINED FROM SIX TO THELVE RANW
SCORZS. ON ANY GIVEN TEST THE GRIUPINGS WERE CONSTANT.

THE VERY HIGH CHI SQUARE STATISTICS CAN ALMOST ALKWAYS 8E
ATTRIBUTED TJ LACK OF FIT IN THE _OWEST SCOKE GROUPING. THIS
CFFEST WAS ESPECIALLY NOTICEABLE FOk THE THREE-PARAMETER MODJ:ZL
DATA. EVEN WITH THIS SCORE CATEGORY OMITTEG, BETTER FIT WAS
FOUN) FOR THZ ONE-PARAMETER MOOEL. AN EXCEPTIGN TO THIS TREND
WAS FOUND FOR THE SCIENCE SUBTEST OF THE STANTORO ACHIEVEMENT
TEST. HERE, THE FIT TDO BOTH MODELS WAAS ZQUAL. IT SHOULD ALSO
BE NITED THAT THE CKRITERIOGN FOk FIT IN THIS STUDY, THE RAW




SSJORZs IS A SUFFICIENT STATISTIC FOR THE RASCH MJODEL.s BUT NOT
FOR THE THREE-PARAMETER MOOEL. THE RESULTS NEED TO BE
CONSIOERED IN VIEW OF THIS FACT.

ITIM OISCRIMINATION, GUESSINGy AND UNIDIMENSIONALITY

IT IS IMPOSSIBLE TO OBTAIN A RAW SCOKE OF ZERO WITH THE
THREZ- PARAMETER MODEL IS ANY GUESSING OCCURS. ALTHOUGH
LI5IST WAS FAIRLY ACCURATE IN ESTIMATING GUESSING FOR ITEMS
FALLING AT THE EXTREMES (NO GUESSING OR YUCH GUESSING),
GENERALLY THE GUESSING PARAMETERS WERE UNESTIMABLE. THE
ESTIMATION PROCEDURE SETS THE GUESSING PARAMETER TO THE
QUANTITY (1/"NCH™=-.05) AT THE OUTSET OF ESTIMATION, WHERE NCH
IS THAE NuUMBER OF MULTIPLZ CHOICE ALTERNATIVES. IF ESTIMATION
OF OIHER PARAMETERS IS STABLEs GUZSSINS I3 ALLCWED TO VARY.
THIS WAS NOT USUALLY THE CASE FOR THIS DATA. THE FCOLLOWING
ARZ APPROXIMATE LOWER BOUNDS FOR TXPECT:J) RAW SCORES UNGER
THE THREE-PARAMETER MODEL FOR EACH OF THI FIVZ TESTSH

SCHOLASTIC APTITUDE VERBAL = 12.75
CALIFORINIA MATH COMPKREHENSION =7.2
CALIFIRNIA VOCABULARY = 8.0
STANFIRD VOCASULARY = 10.0
STANFORD SCIENCE = 12.0

(THESE LOWAER BOUNDS ARE COMPUTED JSING THE NUMBER OF ITEMS

AND NUM3ZR OF CHOICES). ALTHOUGH SGME OF THE POJR FIT FOR THE
THREZ-PARAMETIR MOOEL CAN B8E ATTRIBUTED T3 THZ LIWEST SCIRE
GRJIU?, THZ RESULTS WERE STILL RATHER SURPRISING. TWO

PJOSSIBLE EXPLANATIONS EXIST. ONE POSTULATE IS THAT THE DATA
CHISIN FQOR STUOY ARE ALL ONE-PARAMETZR JATA . A SECONC
EX2LANATION IS THAT THERE MAY BE SOME DIFFICULTY IN ESTIMATING
PARAMETERS FOR THE THREE-PARAMETER MODEL BECAUSE OF THF
ADJITIONAL NUMBER OF UNKNOWN QUANTITIES THAT NEEDJ TO 3E
ESTIMATED., THE RESULTS ARE MOST LIKELY A COMBINATICN OF THESE
TW) ZIXPLANATIONS.




BOTH GUESSING AND ITEM DISCRIMINATION WERE FURTHER
INVESTIGATED TO OETERMINE WHETHER THEY HAD BEEN PROPERLY
ESTIMATED. TABLE & PRESENTS SOME RESULTS CONSERNING THE
GUESSING PARAMETER. THE EXTENT OF GUESSING ON EACH TEST WAS
DETERMINED BY CALCULATINS CLASSICAL ITEM CIFFICULTIES FOR THZ
25 7% MOST DIFFICULT ITEMS FOR THE LOWEST DECILE OF EXAMINEES
BASEJ ON THE SAMPLE (RAW SCORE CRITERION). OUN THIS CxITERION,
EACH TEST WAS RATEG FCR FHE PERCENT OF GUESSING BEHAVIOK
DISPLAYED ON HARD ITEMS 8Y LOW ABILITY EXAMINZIES. LATENT
TRAIT GUESSING ESTIMATES WERE COMPARED TJ) THESE VALUES. THE
LAST COLUMN OJ3F TABLE 5 INDICATES HOW OFTEN LATENT TRAIT AND
CLASSICAL PARAMETERS WERE IN COGNCIKLANCE, HQICH AAS DEFINED
AS T4S NUMSER OF TIMES THAT HIGH LATENT TRAIT GUESSING
ESTIMATES MATCHED HIGH GUESSING ESTIMATZIS USING CLASSICAL TEST
TAZ0Y INIJICATCRS, WITH THE EXCEPTION OF THE CALIFCRNIA
VOZABULARY SUBTEST ( WHIZH WAS THZ SHORTEST AND MOST DIFFICULT
TESTYy LIGIST HKWAS OUITé ACCURATE IN PINPIOINTING ITEMS AT
EITHER EXTIEME (MINIMAL JR MAXIMUM GUESSING). GENERALLY
THJUSHy THE GUESSING PARAMETER WAS CVERESTIMATED. ALTHOUGH
THIS OVERESTIMATION CLEARLY EFFECTED THE LOWEST SCORE GRIUP,
IN GENERAL, THE EFFECTS OF THIS OVERESTIMATION WERE NCT FOQOUN3J
AC03S THE ABILITY CISTRIBUTION., THUS, THE LESS ADEQUATE FIT
OF THE DATA TO THE THREE-PARAMETER MOOEL CAN NOT 3E ATTRI3ZUTZD
SOLELY TO JVERESTIMATION CF YHE GUESSING PARAMETEK.

LR T TP PP INSERT TABLE & ARDUNG

TASLES 5 AND 6 PRESENT RESULTS CONCZIRNING THE ITEM
OISCRIMINATION PARAMETER. THESE RESULTS ARE BASEC ON 20-ITEM
TESTS CONSTRKUCSTED TO HAVE VERY OIFFERENT OR VERY SIMILAK ITEM
DISCRIMINATIONS (8Y CLASSICAL ITEM INOICATORS). IN TABLE S
CHI S5QUARZ STATISTICS ARZ COMPUTEJ FIR SIX SCORE GrROGUPS. IN
THIS TABLE WE FINO THAT AHEN THE ITEM JISCRIMINATION

——————— ]




PARAMETERS ARE VERY DIFFERENT, THZI THREZ-PAKAMETER MODEL FITS
THZ JATA BZITTER THAN THE CONE-PARAMETER MIDEL. FJIR THTZ CASE JF
EQUA. ITEY CISCRIMINATION, THE ONZ-PARAMITER MOCEL SHOWS
BETTER FIT. REGARDLESS JF THE WAY IN WHICH SZORES WERE
GDU?ED, THE SAME CHI SQUARE TREND WAS FIOUND. FRROM THESE
RESULTS, IT SEEMS PLAUSISLE TO CONCLUDE THAT ALL JF THE ODATA
SETS USED IN THIS STUDY HAVE EQUAL ITEM JISCRIMINATIONS, THZ
AVZRAGE CLASSICAL ITEM=-TOTAL CORRILATION (POINT-3ISERIAL) IS
GIVEN FOK EACH CATA SET IN TAQLE 5. THE SECOND COULUMN OF THE
TA3LZ SHOAWAS THE PERCENT OF ITEMS THAT FALL WITHIN THE
CONFIDENGE 3AND OF THE MEAN POINT-BLiSERAIL PLUS JIr MINUS .1.
GENERALLY, THE MAJORITY OF CLASSIZAL POINT-BISERAILS ARE QUITE
SLOSI IN MAGNITUDE. IT IS SUGGESTEC THAT WHEN THE ITEM
DISCRIMINATIOINS ARE TRULY EQUIVALZINT, THI THREE-PARAMETER
ESTIMATION PRROCEDURE MAY PRODUCE INCONSISTENT ESTIMATES FCR
ITZM DISCRIMINATION. RESEARCH CONCURRENT WITH THIS
(SHAMINATHAN AND GIFFOKROs 1973) HAS INDICATED THAT ITEM
DISCRIMINATIIN TENDS TO BE OVERESTIMATED BY THE MAXIMUM
LIKELIHO0O PRICEDURE.

~====«=INSERT TABLES 5 AND 6 AROUND HERE~-==-=ccecec----

IT WAS IMPOSSIBLE TO OETERMINE THE INTERRELATICNSHIP
BETWZEZN GUESSINGs ITEM CISCRIMINATION, ANC MOJEL FIT FOF
SPZCIFIC OATA SETS IN THIS STUOY. THE TWO SUBTESTS ON WHICH
EXAMINEES SHIWEC THE MOST GUESSING, ALSO HAD THE NARROWEST
RANGE OF ITEW DISCRIMINATIONS, ONE OF THESE, THE STANFORD
VIZA3ULARY, SHOWED CLOSE FIT TO THE RASCH MODEL, ANO GOOGOD FIT
T) THE THREE-PARAMETER MIOCZL AS WELLe THE OTHER, STANFOXD
SCIENCE,y WAS THE SINGLE TEST THAT FIT THZ THRIEE-PARALMETER
MODE. AS WELL AS THE RASCH MODEL.

AN EXPLANATION OF MICEL FIT IN TERMS OF UNIODIMENSIONALITY
IN THIS STUOY IS CONFOUNDED BY THZ FACT THAT TESTS OJIFFERED IN
BOTH LENGTH AND ODIFFICULTY. IT CAN Bt S5AID, HOWEVER, THAT THE




STANFORDO VOCABULARY SUBTZIST FIT BITH MOOZILS 3ETTER THAN THE
OTHER TESTS, ALTHOUGH THIS TEST WAS NOY THE MOST
UNIDIMENSIONAL. TABLE 6 CHARACTERIZES DIMENSIONALITY OF TESTS
IN TZMS OF THE FIRST LATENT ROOT FFOM THE PRINCIPAL COMPONENT
ANALYSIS, AND SHOWS THE VARIANCE ACCOUNTZU FOR BY THE FIRST
FAZTIR. BY THESE CRITERIA, THE TEST WHIZH BEST MEETS THE
ASSUMPTION O0F UNIODIMENSIONALITY IS THE CALIFORNIA MATH TEST.
THIS TEST IS ALSO THE EASIEST TEST IN TZIRMS OF AVERAGE
CLASSICAL ITZM CIFFICULTIES. THE RESULTS SHOA THAT THIS TEST
FIT 30TH MODZILS QUITE WELL. THE SHI SQAURE STATISTIC FOR
RASCH MCJZL FIT WAS 1.02, THE SECINC BEST FIT FOUND IN THE
STUDY.

SaqPLE SIZE

TABLZ 7 PROVIDES DATA ON THE ACCURACY GOF PARAMETER
ESTIMATION FJIR SMALL SAMPLES (N=250). THE RESULTS ARE
AVERAGED ACRIJSS THE FIVE TESTS. PEARSON PROJUCT MOMENT
SORILATIONS,y SPEARMAN RANK OROER CORRELATIONSs AND AVERAGE
ABSO.UTE DIFFERENCES BETWEEN PARAMETERS ISTIMATEOD WITH THE
1000 PERSON AND 250 PERSIN SAMPLES ARE GIVEN. ALL ESTIMATES
HERRE FIRST STANCARDIZED TO MEAN ZZRO TG JBTAIN THESE RESULTS.
ESTIMATES FOR DIFFICULTY ARE QUITZ ACCURATE IN THE SMALL
SAMPLE FOR BJITH MODELS. THE SMALL SAMPLZI ESTIMATE fOr
GUESSING, ALTHOUGH CLOSE IN MAGNITUDE TJO THE LARGE SAMPLE
ESTIMATE, HAD A LOW CORREILATION WITH THE LARGIZIR SAMPLE
ISTIMATE. IT IS APPARENT FROM THIS DATA THAT 250 PERSCONS MAY
NJT 3E A SUFFICIENT SAMPLE SIZE UPGON WHIZH TO ESTIMATE
GUESSINGe IN FACT, EVEN IN THE 1J00-PERSON >54MPLE, THE
MAJORITY J3F SUESSING PARAMETERS FOR THIS DATA REMAINED
UNESTIMATED B8Y THE MAXIMUM LIKELIHOOD METHOD. ESTIMATION OF
ITIM DISCJIMINATION IN THE 250 PzZISON SAMPLE IS RELATIVELY
CONSISTENT WITH 1000 PERSGN ESTIMATE. 8JT, 3Y THE AVERAGE
ABSQLUTE DEVIATION CRITERIONs THIS SMALL SAMPLE ESTIMATE




FAIRED LESS WELL THAN EITHER GUESSING OR DIFFICULTY. IT
APPEARS THAT WHEN OISCRIMINATION IS POOSXLY ESTIMATED, ALL
OTHER ESTIMATES ARE EFFECTED. THEZREFOKZ, THZI DIFFICULTY
PARAMETERS IN THE THREE-PARAMETER CASE DJ NOT APPEAK TC 3€
ESTIMATED AS EFFECTIVELY WITH SMALL SAMPLES A5 IN THE
ONZ-2ARAMITZR CASE.

-------- INSERT TABLE 7 AROUND HERE-==-==-mcmccoeccona.

TEST LENGTH

TEST LENGTH WAS EXAMINED TO JETERMINE WHITHER LATENT
TRAIT THEDJDRY CAN BE APPLIED TO SHIRT TESTS (23 ITEMS). Ta3L:
8 PRZISENTS THE RESULTS 0F THIS ANALYSIS IN TERIMS OF PEARSON
AND SPEARIMAN CORRELATIONS, ANJ AVEIRAGE A3SOLUTE JIFFERENZES
BETWEEN SHORT AND LONG TESTS, AVERAGEOD AZKROSS FIVE [ATA SETS.
FOR 30TH MODELS,s ESTIMATZIS OF ABILITY FROM THE SHORT TEST WERE
REASINABLY CONSISTENT WITH ESTIMATES DEXRIVED FROM THE LONJER
TESTS. HERE, AS BEFOKE, MORE CONSISTENCY Wi3 FCUND FOR THE
ONZ-PARAMETER MODEL.

COSTS

IN ADDITION TO FINDING IMPROVEMENT IN FIT FOX THE
ONS-PARAMETER MUDEL BY STATISTICAL CRITERIA, THE DATA IN TABLE
9 JEMONSTRATI THAT THE CISTS OF ESTIMATING RASCH PARAMETER
VALUES ARE CONSIDERABLY LESS THAN THOSE FOR THE
THYEE-PARAMETER MOOEL. THE CJISTS SHOWN IN TABLE 3 ARE
AVZRAGED ACROSS FIVE TESTS. THIS TABLE ALSO SHOWS THE
RELATIONSHIP BETWEEN COMPUTER COSTS FOX LATENT TRAIT ESTIMATES
THE NUMBZR OF PERSONS AND ITEMS ESTIMLTED. THESE COSTS
3ASED ON A CHARGE OF 3 400 PER HOUR. THEY DO NOT REFLECT
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AUXILIARY COSTS (DISC STORAGE, MAGNETIC TAPES, DATA

PRZPAIATION, ETGe)e ALL OF THE FIGURES IN TA3LE 9 ARE BASED
ON EXECUTIONS OF LOGIST IN WHICH PERSON ANG ITEMS AKE
ESTIMATED SIMJULTANEOUSLY, TA3LES 10 AND 11 SHED OIFFERENT
LISHT ON THE CZOSTS OF THE ONE AND THREE-PARAMETER MGCODELS.
TABLZ 10 INDICATES COMPUTER COSTS AVERAGED OVER FIVE 20-ITEM
TZSTS WHEN ITEM PARAMETERS ARE KNOWN. THERE IS ESSENTIALLY NO

DIFFZRENCE BETWEEN THE COSTS OF ESTIMATING ABILITY FOR THE ONE
AND THREE-PARAMETER MOODELS. SINCE THIS IS THE USUAL MANNER IN
W4ICH4 LATINT TRAIT THEORY IS APPLIEDs THIS EQJIVALENCE OF
COST3S SHOULD BE NOTED BY PRACTITIONERS PLANNING TO USE THESE
MJIJELS. TABLE 10 GIVES COMPUTER JOSTS FOr LOGIST RUNS
AVERAGED ACRISS FIVE TESTS FOR ESTIMATING ITEM PARAMETEKS ON
SAMPLES OJF 250 PERSONS WHEN ABILITY IS KNOWN . THE COSTS
GIVEN FOR THIS STUOY CAN ONLY Bt GENERALIZED TO THE LOGIST
COMPJTER PROSRAM ANGC 0O NOT APPLY TO COMPARISONS WITH OTHER
ESTIMATION KOUTINES. IF THE ONE-2ARAMETEX ESTIMATION HAD

BSIN EXECUTZD ON THE BICAL COMPUTZIR PROGRAM (W&KISHT ANO MEAD,
1376 )y THE COMPUTER COSTS FOR THE ONE-PAFAMFTER HUCEL WOULD
HAVE BEEN CONSICERABLY LESS. 1IN THE BICAL PROCEDUKE ONE
£QUATICN IS NEEDED FOR EACH RAW SJORE CATEGGORY, WHEREAS IN THE
MAXIMUM LIKELIHCOD METHOO, SEPARATE EQUATIONS ARE NEEDED FOk

EAZH EXAMINEZ,

TABLE 14 HIGHLIGHTS COSTS FOR EACH SUBTEST « THERE IS 4
RELATIONSHIP BETWEEN THE NUMBER OF ITEMS IN A TEST AND ITS
CO5Ts BUT THE HIGHER COSTS FOR SOME SUBTZISTS CAN ALSO 8E

ATTRIBUTED TJ A LOWER DEGKREE OF UNIDIMENSIONALITY,

SUMMARY AND CONZLUSIONS

THE RESULTS OF THIS STUDY INOICATE THAT FOR DATA HAVING




ITEMS EQUAL IN DISCRIMINATION, THZ RASCH MODEL PRUVIDES BETTER
FIT TO EMPIRICAL DATA THAN THE THREE-PAKAHETER LOGISTIC MODEL
e« A PRACTICAL METHCO FOR DETERMINING EGQUALITY OF ITEM
OISCRIMINATIIN, USING CLASSICAL PIINT~-BI3ERIALS, WAS
SUSGZISTED. IT WAS ALSO NOTED THAT THE MaxImuM LIKELIHOOD
ESTIMATE J3F THE DISCRIMINATION PARAMETER MAY 3E INACEQUATE AT
THIS TIME. AS IMPROVEMENTS ARE MADE IN [(HE THREE-PARAMETER
ESTIMATION MITHOOS, A MORE SENSITIVE ESTIMATE CF THIS
PARAMETER MAY BE FOUND.

ALTHOJGH THE DATA USED IN THIS STUDY WERZ MULTIPLE CHOIZE
IN NATURE,s VIOJLATION OF THE *NO GJESSING™ ASSJMPTION OF THE
RASCHA MODEL OID NOT APPEAR TG EFFZCT FIT OF THE ONE-PARAMETER
MOJE. TO DAT&. THE MAXIMUM LIKELIHOOD PROCEOURE TENDED TO
OVERESTIMATE GUESSING FOR THIS DATA. THIS CAUSED REOUCED
MODEL=-DATA FIT OF THE THREE-PARAMITER MOJEL ESPECIALLY IN TH:Z
LOAER ABILITY RANGE. GENERALLYs SUESSINS WAS UNESTIMABLE FOR
THIS DATA. UNFORTUUNATELY, NO ALTERNATIVE CRITERIA COULD BE
FOUND FOR ESTIMATING THE TRUE AMOJNT OF GSUESSING. BECAUSE
SUZSSING AND DISCRIMINATIUN WERE ZONFOUNDED IN THE DATA, IT
WAS IMPOSSIBLE TO DETERMINE WHETHZIR THE SUESSING PARAMETER
MISHT HAVE IMPROVED FIT IN THE THREE-PARAMETER CASE.
EMPIRLICAL DATAs SUCH AS JPEN~ENDED TEST QUESTIONS, IN WHICH
GUZSSING IS IMPROBABLE, IS NEEDED TC COM2ARE FIT OF THE ONE
AND THREZ-PARAMETER MODELS. RESEARCH INTC THIS AREA MIGHT
BEST BE CONCUCTED THRCUGH STUOIES USING SIMULATED CATA. WITH
ARTIFICIAL DATA, FACTCRS, SUCH AS THOSE CONFJUNDING THE
CURIRINT RESEFAXCHs COULD BE CONTRO_LED. BETTER ESTIMATES ARE
NEZDZID FOR BITH ITEM CISCRIMINATION ANJ SUESSING IF THE
THIEZ-PAJAMETER MOOEL IS TO BE USED EFFECSTIVILY.

USING A FACTOR ANALYTIC CKITERIONs THE DATA USED IN THIS
STUOY WERE ALL FOUNG TO HLVE ONE GEMERAL FACTOR WHMICH, IN ALL
SASES, ACCOUNTED FOR MORT THAN 20 PERCINI OF THE TEST
VARIANCE. THE DATA INDICATE THAT THE MORE A ODATA SET MEETS
THIS ASSUMPTION, THE LESS TIME IT TAKES TO CONVERGE TJ A




SOLUTION 3Y THE LOGIST PROGRAMe THERE ALSO APPEARED TO BE
SOME IMPROVEMENT OF FIT Tu BOTH MOODELS FJIR DATA THAT SHOWED
EXfREHELf STRONG FIFST FACTOR VARIANCE. MOKRE RESEARCH IN THIS
ARZA IS NEEOZU WITH OATA SETS THAT CLEARLY VIOLATE THE
ASSUMPTION GF UNIOIMENSIONALITY. IN ADCITION, CRITERIA,

OTHER THAN FAJTOR ANALYSIS, ARE NtEDED FIx DETERMINING THE
EXTENT OF JIMENSIONALITY IN DATA.

ALTHOUGH THE ASILITY ESTIMATES FROM SHORT TESTS WERE
REASIONABLY GOOD, ITEM ESTIMATES FROM SMALL SAMPLES CF PERSONS
TENDZD NOT TO BE SO GOODe THIS RISULT WAS ESPECIALLY APPARENT
IN ESTIMATING ITEM DISCRIMINATION FROM SMALL SAMPLES.

WHEN THZ LOGIST PROGRAM IS USED WITA KNOAN ITEM
PARAMETERS, THE COST OF ESTIMATION IN THZ ONE AND
THIEZ-PARAMETER CASES IS SQUIVALENT. 1IN ESTIMATING ITEM
PARAMETERS SIMULTANEOUSLY WITH ABILITY, THE SAVINGS FOUND BY
USIN3 THE JNE-PARAMETER MODEL ARE CONSICEXABLZI. IT IS
DIFFICULT TO COMMENT ON THIS COST DIFFERENTIAL UNTIL IT IS
DITEIMINED WHITHER THERE ARE OTHER SUSSTANTIAL GAINS 7O BE
FOUND WITH THE THREE-PARAMETER MOJEL.

IN SUMMARY, USING COSTS AND “IT TO TEST SCORE
DISTRIBUTIINS AS CRITERIA, THE RASCH MICEL WAS CLEAKLY
SUPERIOK IN FIT TO EMPIRICAL OATA THAN THE THREE-PARAMETER
LOGISTIC MOCZIL. IT IS IYPORTANT TO POINT QUT THAT OTHER
CRITZIRIA FIOR FIT MIGHT HAVE BEEN SELECTED WHIZH WOULD HAVE
SHOWN BETTEX FIT FOR THE THREE-PARAMETEK MOOEL. FOk EXAMPLE,
IF A WEIGHATED RAW SCORE +4AD BEEN JTILIZED, KATHER THAN THE
SIMPLE KAW SCOKE, IMPROVEMENT OF FIT FOR THE THREE-PARAMETEF
MOJEL MIGHT HAVE BEEN SEEN. THE RESULTS ALSO SHOW THAT IN THE
CASE WHEN ITEM DISCRIMINATIONS ARZ QUITE OISSIMILAR, THE
THREZ-PARAMETER MOOEL DEMONSTRATED SUPE~XIOK FIT T3 THE FASCH
MOJEL. RESZARCH IS NEEODOZU TO DETIRMINzZ HOW UNEQUAL ITEM
DISCRIMINATION NEED TO BE FOR THE THREE-PARAMITER MOOEL TO
BEZOME MQORE EFFECTIVE. HERE AGAIN A SIMJLATED-DATA STudy ,




SIMI.AR TJ THE ONE PROJEZTED ABOVE FOR GUESSING, IS NEEDED IN
CONJJNCTION WITH REFINING THE ESTIMATION PROCZIOURES.

FINALLY, IT IS IMPORTANT TO POINT 0JT THAT THE
CONCLUSIONS OXAWN IN THIS PAPER ARE TENTATIVE. THE PROJETT IS
IN MIOSTRZAM: ONLY HALF JF THE PROJECTZD OATA SETS HAVE BEEN
ANALYZED TO DATE.
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