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ABSTRACT

The New York State Department of Civil Service
investigated an espirical application of the Rasch model which
appears useful in Civil Service testing. The model) is a powerful tool
for developing insights into what test items are measuring while
permitting the investigator to spot defective itens. It also reveals
meaningful distinctions in the type of task set by different items.
Tvo sets of specific exanples are discussed to illusktrate its
usefulness. The first set of examples considers the use of item
probability as an index of the degree of fit of the material to the
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displays the gondness of £it of each item at each score group, and
enables aa investigator to ascertain the overall validity of the
general index. These examples demonstrate the applicability of the
Rasch model to a variety of conditions. The author suygests that the
nodel seens promising for civil service testirg since it is not
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At the Jlew Yorlk State Deperiment of Givil Service we have been veriiuy

Y R | .
exclusively with only ona of the rodels develcensd by Rasch. Qur interest hiss

besn focuced o the medel discuseed by Wrighu at the 19567 ©iS Inviiational

Testir Cund Inly particular rodel is occasionally referred 10 as ne

log-o0dds meidel and baslically breats the respongss to a lesl dven in terme of

grd wren

[N

dichotomics svch as
OQur testing propeen plazes a heavy erpbasis upon the multiplo-choice 3o
of written test itom. Tn gensral ue use l) or & choice jicns which 27z scored oy
right or wrong. These tust items are generally grovped inbe sets of 15 or 20
quastions, which ve call svbtesls, which are designed to meazvre seve paviicular

arez. We lhave analyzed a variety cf ovr subiests with the Rasch Moldnl since wuz

began working with it. Ve have analyzed subtesis in:

Abstract reasoning Quantitative reasoning
Resding comprehension Statisticn

Supervision Adminintratlivs Judgurnt
Economics PudgeJing

Vocabulavy Intervier ng t‘chnlqu
Spelling Repori writing

Spatial relations

.

to nane several. Some of our subtcsts might Ve called aplitude tesis and others

achicvement tests by educators. Unferiunately the pubtlic personnel seleclion

"
a

community and the educational comriunity accassionally use diflerent 1 bels fo

stnilor fdeas. As a result I will tay Lo limit sy vee of labols in oider ie

avold risunderstanding.
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In our crpirical work with the Rasch Fodel o have boon suploring a

variety of igsues simply weanuse w2 understand voery few of ithom and have virtvally

no recourse to published vrorks wince they are reliatively scarce.
One of the issves we have been cxplorirg is ene that ¥ world like to relale
to you today. It is su empirical suplication of the model that has arousced our

enthusiasm, apprsrs to b particularily useful for civil scrvice testing and

1y
.
neverinelessg is one thab nie have not r2ad much z2boul in the Literature.

Cur wwpirical investigation of iiu Rasch iisdel on tesit items, nezeuring a
wide variety of arezs, has led us to telieve thal the Rasch Hodel nmay bz a poucrl sl
toul for developing insighis into what test itews are measuring, Ve beliave Dnyriscy
that th's Informatior can then be used to wke practisal docicions abeut item
construction and/or test desipn.

. .
Spzeifieslly our evperience has shoim us ithat the, Ragel lodel permnits us

Lo
1. spob defective dters, in the traditional sense such as itons
withont geod key ansuers; ard
2. spol items which do not belong in a subtest in the senge Jor
. exanple, of items vhica are funclioning o reading comprehan-

sion itcims or guantttative rcasoning items in suvbject matisr
tesis.
‘e have found repeated Instances ol tie model quickly and clearly pointing
up meaningful distinctions in thz typc of task sl by different ilems,
It would be unreusonable for me to expect to convince you, within ke
1limited span of time I have lolay, of thls general applicability of the Rasch
Model vhich we nave repeatedly found and believe mey nmibowts may be an imporiant

aspect of the Rasch Model.

. —-— L ——— - ——
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2. \right, B, "Semple-free (st calibration and nersen mexcavement. " In Proserdin,
Q  of the 1967 Tnvitalionsl Corluvoner Testing Pl lope. brinccton: (aucs o
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What T propose to do in the tirz romzining howsver, is to discuss various
specilic exomples of our verl: vhich have sparded our onthuziosmi, and helpod
formilate our current vicw in ihe beiief, that for soms of yo, this ray Le a

useful applicationr, ard in the hope thul you ray become sufficiently inturested

sour oim mnaterizl,

to enplore these aspects more carefully and systa

in order to nail dorn this particulsar avplicatien, if in fauct 1t ie a rcal one,

IL«m Trohg bility

Exarple #1:
One of our cariicst amplrical investigations cawe aboul se & resvll of ons

of thozz misundex Lan*‘ ngs that occasionally oecur betgeen {ha public perecrncl

selection sector and the cducelional coimunivy, AL the rirst AETA presession on

lhie Rasch Model conducted by Ur. Wedpht & fow yeain apo in Cnlifornla, the

participvants were envcouragdd to bring datlz with Lhnwm 1o b aviliyazd at the pre-

seuslon
Gne of our ccileaguns from the iniwed Stalen Nivilh Burvice brourhi aleng
datz on one of ith-ir uidely used tesils. His data was in alphabetic feoim, lhat is

Lhe altcrnatives to {est itewms were 4, B, C, vie., rvathury than nuwerie e 1, 2, 3,

£
s
b1/
1)
o
pos
o
ot

etc, Unfortunailely, the prosrans usecd fov the snelyzis at UJTA for the pro

vere designed to accept only numeric dzta. (Perenihetically I might rote that

the data T brought to the same se2ssion suffered the came fate. In facl the data
broughtl by those in the cducationsl corrmudly wire ooly muncrlie while those from
prblic personnel agencles breughi only alphabeiiz data ang ﬂa\{her ilousht to
question this point wnbil it uas too late.) 3 wtanuicly, we had a working compuler
program al the Noew York State Departrent of “ivil Service which covld handle both
alphabetic and nuieric datla and we agreed to analyze the U, S. Civil Service data

.

when we returned,
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elee oy them Tor znalysis be
over the years by traditionazl anxlysis and it vas fellt Lhael this gel of ltems

could reasonably e ezpecicd io fit_the asslyrbions of the laseh dodel and there-
fore could scrve as a uscivl means of gaining o betiter understanding of the liodel,

§
The data consisztad of the responses of 987 niddle manegars Srom variﬁus - e e

agencies in the Federal Goverameni Lo a set ol 25 heading Corpreheasion itens.

Ve submitted ihis data o an analysis by the Rasch HModel and exwmined one of the

indices which auvcears as a routine cviput on ouvr program and uhich is used '»

determine she dogres of fit of the riterial to the wodot, the index uced is

called the "iien vrobabiliiy? and iz the probabitlily of the obssrvalicns, given

the jlem lits the wnods For saclht test 1ten au "item probabilily" is caloulaied.

Glancing at thz vsluss of the “ilan vrebabiliticc" for this data we peiicad several
1toius whome "it~n probabiliiies” vere exlyenely low in conyrrisen to the other ivans,
Tn particular uwe noticed foar items vith "iten probabilitios" of 0,000,

S0, we looked at tre conteni of all the itams and fousd that the items covld
be ansuered correetly based solely on the information prescnved in e sien, cxcépp
for the four items witlh the low "iten probabilitics'". These tour itcns reqﬁired
the candidate to bring additional knowledge to the iten in order io correcily

select th- key answory a reoquirement that was not present in the oiher items.

Next, we locked at the "item probabilities" of all ¢5 items again and
noticed three items with relatively high "item probabilitics". A look at the
content of these items revealed a dramatic shift in the vocibulavy level in these
itlems, as compared te the other 22 items. fhese three ileoms contained phrases
such as "organized acquisitive proéoduro for self-uaintenance as a defirition of
war; and "non-pecuniary incentive.®

The ust of the "itum probabllities! in this way, for lhis set of data, scened

te enable us 1o spot itemz that wore funslicning differently than the lotal set of
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1tems and we scuemed to be able to find reasorable evplansgiions of the nature of

the functioning diffaronces.

Exanplc #2: . .

In another instance, we exgmined a sev of test items that we developed asg
part of a promolion exsmination for sccond level professicnal research pesitions.
We call this Zervices serics.

exspination the Regearch For cne of these positions

we develeped 1 sob of 30 gaestions n ihe arca of soeial resenveh.  The itens were

all designed to nmasure the same genersl arca. Por purpescs of analysis the 30
questions werc ireated as two blocks of 15 iirng, Tach block of 15 itens was sub-
jected to a Rasch analysis (1=261) aud both fit the model (p = 0.47h, and p = 0.116,
respectively). |

For the first sct of 1% items w2 azgain locked at the "itom probebililies.”
Four items had "item provabilitics" that vere relatively high in cowparison to the
rest of the jtens. .

These four itims nad protebllitics greater thsn 0.6l vhiie the

remaining eleven items wore «ll below C.I5.  Tn kecping with our prior cxperiencs

7¢ hypothesized that the fowr itcms with the relalively high "item probabilitiest
had some kind of common feature that could explain thel * similar erireme probabil-
itles.

-

could identify a concept thatl set lhese four items sparl. These four dlems were

After exesmining the content of ¢ach of the 15 jieua it appearcd es if ve
unique from the rest of the subtest in that these itcns sesmed to require a person
Yo be avare of the practical considera’icns as well as the theoretical snd ideal
appreaches to research. The other 11 itere did not have this requirement.,

To explore this hypothesis further we looked at the sccond set of 15 itews
and found iwo items which seemed to embody the samc concept Lhat.we found in the
four items of the firat sel. A check of their "jiem probabilities" showed that
Liese two items had the lowest probabilities of fit on the entire subt;st, that is,

these two ileus were deviant Crom ihie roat of the sel of items in their "iten

Q@ bilities” and in a simitlur manner.
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items with extveme "item probabilities" embodying a common concepl.

Norimal Deviate

There is an alternative method of evaluating the fit of items which involves
an eramination of the '"normal deviate" matrix. This maﬂriz displays ithe goodnese-
of-fit of each item at each score grove. TU enables us to lock for patlerns as
vell as locate the precise point of poor fit if it exists. This oflen helps us Lo
determine if a general index of pcor fit is iwportant to consider or not. For
example, if the oversll fii of the item is poor as reflected in a general index,
but an examination of the 'mormal dsviats' matrix shows us that the fit is poor
only at one score group and if that score group iz an unusually smgll one, we are
likely to overlook thé general index or at least rot pay too ruch attention to it.
The "mormal deviate" matlrix possesscs a general index of fit too called the "mean
square f£it". The "nean sgdare fii" and the "item probability" are rclated to each
other aﬂa either can be uszd, Some of the examineré in our agency prefer one,
wnile others prefer the other. While either can be used, the personal preflerences
of the examiners performing the analysis are factors to be ccusidered, especially
if one has to work with them on a daily basis. In order Llc preserve a degree of
harmony among my colleaguss I intend to now give tequal time" to the Macan square

fit" advocates. .

Example #1:

' You may recall that the last examination I was discusaing was the Reszearch
Services examination, which was a promotion ex:minaticn for second level pro-
fessional research positions. Another pari of that cxamination was a subtest on
"tabular interpretation®, For this subtest, the candidate is required to recognize
relationships in and draw inferences from data presented in tabular form. The
items stress the ability to deal with relationships among the varlous caiegories
in the tables but minimizes the need to perform computations to arrive ab the
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For this material the analysis with tha Rasch Medel was a bit more involved.
We have three allernate forms of the Rescarch Services examinalion; Forms A, B, & C.
Fach form contains a subtest on "tabular interpretziion". We use a different 15
item "tabular interpretation” subtest on e;ch Form, however each sublest containc
some items common to at least onz of the other subtests.

We analyzed the sublest from Form A (n = 275) ‘with the Rasch Model. One
item possezsed an extrere "mzan square Cit" of 3.25 as compared to the rest of the
items which had '"mean square fits" of less than 2.00.

Ve then examined tho item and seeied to find:

1. the item reguired a successfl narnipulaticn of a series of
complex relavionships which was not reguired by the other
itens, and

2. one of the wrong answers could he arrived at by performing

. ] ‘

; all but the final opecration.

Ve felt that perhaps nmany of the better candidates undersicod the item bui
were omitting the final operation and thercfore getiling thé itenm vrong.

- Fortunately, we were in a position lo evaluate the ientalive conclusions.
Form B, an altcrnate Formm for this examination also contained this item, which for
purposes of our discussion I will call item X, In Form B, a different itenm
preceded item X, anc this new item could Le answered correctly by performing all
but the final operation required for item X. 1t was e¢xpected that the betler
candidates would get this ney item correct and then would r¢alize tha® ihe answer
to item X simply required an additional operation. Rasch anslysis of Foim B
(n = 188) supported our oxpectation. Both the new item and item X had "mean tquare
fits" slightly below 1.00.

O
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In examining the '"moymil deviale" matrix fer Form B we also found a single
item with &n extremely high "mean square £it" (MSF = 7.89). A review of all the
items revealed that thls particular item was unique in thal the candidate tas
regquired to deal with an indeterminécy to ;rrive at the correct answer. In the
other items the answer could be found by simply filling in all ..jssing entries
in the table. Tt was Telt, that manipuvlating 211 possible combinetions through
an indetemminacy mmay require a higher level of reasoning ability then siwply filling

.

in missing entiies. This item was also included in Fomm G (n = 2;2) and again
was the omly itsa with a high "mean square £it" (MSF = 4.93). The Rasch analysis
seemed to arain pinpoint tlic item that was functioning in a manner different trom

the rest of the subtest.

Example #2:

I would like to disecuss one Tinal exanple. We nave ot lixited our
investiéations to tests fer pozitions that recuire a coilege educalion as the
previous ezamples might lead you to believe. Tor example, let us lcok at an
exsmination for Clerks. Ag part of our promotion cxzamination to second 1evg1
clerical positions we include a subtest of 15 items on vocabulary. Tthe iiems in
this subtest present five alternatives from whicli the candidate is to select the
ohe most similar in meaning to the word given in the stem of the iten.

We subjected the 15 vocabulary items to a Raseh analysis (n = 3,62L) and

found one item with a high "mean square fit" of 17.956. An inspeciion of this item

14

revealed:
1. for the word prgsented in the sten, it was possible to derive
an entirely different word by changing only Qne or lwo letters,
and
2. the meaning of this new word was one of the incorréct alternatives
that could bz chosen by the can@idate.
Q

ERIC
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In another vocabulary subtest for an alternate form of Lhis examinatiou
we found tuc items with similar properties. A Rasch danalysis of the data

(n = %,998) showed that thesc two items also had high "mean square fits",

8

SUKHARY

Ther: are nany oiler examples that T could present to yeu but T believe
the ones that hiave bzen presented here itoday give you an idea of the application
that we ce& as one of the mest premising for civil service testing, I discussed
itemrs in reading oomprebension, social research, tabular interpretation, and
vocghulary, I have attempted to present itcms from a variety of areas to give
vou an idea of the general applicabiliiy we have found.

I discussed exémples of single subtests, maltiple sublests with comnon over-
lepping items, as well as scparate sublests with identical item constructi~n
concepts, I have tried, if this way, to illustrates th2 persisterce of our finding
across ﬁlvariety of conditiong,

As for our suojects, they were both college as well as non-college personrel.
They Included professional technical specialists, professional maragers o
generalistc, and clerical or non-professional personicl., 1TIn this way I have
attempted to give you an idea of the wide subject levels that we £ind succrmbd
to the Rasch Analysis.

Within this brisf period that I have had with you I have attempted to
i1lustrate that, despite wide variaticns of item content and subject composition,
the Rasch analysis produced persistent useful sesultas. ’

Our feeling aboul the applicgbility of the Rasch Model to civil service
Lesting perhaps is best sumariged by a comment made by Dr. Albert P. Masior,
Chief of the Personnel Measuremeat Research and Developrnent Conter, of the United

3
Statec Civil Service in reviewing an arlicle on t*~ Rasch Model to be published

in an upceming issue of the Public Personnel Reviess

~ — \‘1 — - . e

]EllJ!:Durovic, d. "Improving Uritten Test Neasureme?f(fn Fersonniel Sclection.” Fublic
Persenre] Fevie--, din print,
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“I believe that a majer value of the Rasch Model may prove not to be

simply &s a means to derive scores, but as a powerful tool for developing insights

about what it is that tsst itens aré neasuring; how the items in a tost relate to
onc another, and how these insights can apply ‘o the improvement of test design,

item construction, and test aralysia.m

O
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