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‘ ABSTRACT ‘

= A basic descripfion of the Rasch nodel and a brief
review of the work previously done on the model is related. Simulated
data was used to test goodness of fit to the Rasch model. I{ was o

" found that data with near perfect fit to the Guttman nmodel provides

.. perfect fit to the Rasch model, though a perfect Guttman scale

cullapses. Random data also provides a good fit. The effects of
varying the standard deviations on normally distributed total scores
and the ranges on uniforamly distributed scores and the effects of
coabining tvo sets of independent data are analyzed in some detail.
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%ﬁﬁ’ Much has been said about tho characteri tics of data '

+ ) that affect the various ststistics used in cviluating tests.

e I Suco Lnowledge is of importance in making decssions as to .

w R : . 7 é\‘“\

g s which modol and whioh statistic shouid be used: in surh £

- evnluutions. |
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~ Ragch Mcdo] o | . , - |
| Hork hes just begun iu describing the cha acteris‘zcs
of 'ata that pruluce good fit to the Rasch modrl. In hor
disse:tatzon Pannhapakesan (1969) has explored the effecr of
:arying itom dlscrimination, the presence of “bad" items, and
the effect of guessing on tho model. She found that inequa‘ity.
of iton ixsorimination, lack of unidinensionelity. and variotion
in guessing decreased fit 1o the model, The statistic used in
evaluuting flt to the Rasch model is the chi square test for 3
goodness of fit between observad data nnd expected values of
| that data.' For a ciear presentation of the Resch nodei and
this test of goodness of fit see Wright and Psnchspesesan
(1969).
In ssking the question, "tht Jo data with perfeel £it
to the Rasch nodel look liie?“, cherectoristics of both the
vlt,s*ral and Guttaan modeis were considered. Qinilerity was
noted betueen the Guttman and Rasch rodels. ﬁhile the Rasch

model scales ltens on easiness and subjects on ebility. the .
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j'fﬂcm‘u.:ma; ndal ordﬂrs the items on dtfficulty and the
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o 2 :
y T1zs similarity does not centinue, however 1ho Paqch

subjects on total score.
mod»l alone determlnes estxmates of subject ability and 1tem
,=asiness that have rat:o scale characterzst1;< i e, the
abilitv scalc has a zero po:nt that means ‘orb abil{ty and -
2 ‘cro poxnt cn t‘c item e.s:ncss sca]e meana xo easino 58 or,
'infxni!e dxfficulty. lox the Rnsch modol the ability vbtlna*es
’are )ndcpcndent of the iter eas:nosses}and the number of itcns.ﬁ‘
Whis i€ net t}e .nSQ with huttman scaxing whvre scores arc

the tn?u. nuntoer of rorrec' :esnonses and tuus dopcndent

upon Both the number and dx!liculty of 1tems. The Ras”§
‘uualxnb org*;fér= alﬁo produces abxli*y cﬁtimates indepenfenf

98 the sanr:e of subiects Lsed tc >ca1e or 531 brate the

iten rasinesses, 1hls indcpendence has been well xllustrated
‘3v Wright (19&8) The Gut?msn model does not attempt to rake
as.ump-ionc acre re<tr.cti\¢ then that the data are ordinol on'
the ttu I:rn'=1ou« - i.e. iten, dlfficulty end total sco:c.
\onser<ek,. R‘scn s medel §s 2 latent trait modcl. a model

thal P-tIN(t"' Lot pcrsous under!ylng tralt while the Gnttnan

touel nnI" ﬂrodu ¢ R scoro velative to the ftems used

Vie of tle tlnd*ngs ot venghapa\esnn (1969) i~ thac equal

ite ’A s‘.*uxnutan i necossary for good fit to tbe Rascr model
' "tg.re ¢ Tepresents the itum chatactcristic curves (1CC) for
3 ittl' over a range of ab:li!y These cutses represert the
nrb)ahnlit) nf responding correctiy to an llea If given the

sihfost’s ebll Sty,  Fer vqual ftea di$Cfiaihlti0h. the:e curves
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ebility measured by each item (Figure 2).
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need to be parellel. 1his is not necessary for thtman

scaling. Instead Guttman sceling rﬂquiros that these

curves be discreto or nonoverlapping en the range of

Simulation I Perfect Guttman Scele

fn thet the Resch model is a function of two indcpendent

iy

factors, the wodel is relatively complex and the influences

7 of various fnctors that nay enter the model ere difficult

to deternine._ For this reason at the 1969 AERA pre session

on Rasch scaling, Wright suggested using simulated dete.

The present study follcued this suggestion. This elso

provided a uay to control for unwanted variables end to
provide a uey to compare the two models. In subnitting
siruleted perfect Guttman date to the Reseh analysis a
problem developed. In thet items either answered eorrectly
or missed by ull suhjects are beyond the renge of the N
calibration vample the easiness of these )tems cannot be
determined Hhen this occurs the iteas are deletei._

Simii erly, when a subject misses dll itens or answars all

 items cerrectly the ebillty of these subjects exis: soneuhere

boyond thu range of ability eeesured by this set LH itens
end thus cennot be detereined. Agein these subjects are
deleted froe the response natrix. with perfeet Guttnan data,
either at leest on¢ item or at least one subject is deleted
from the response netrix, leaving another sulject or iten <
to be deleted on the next round of truncetion.t The result
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" is no data‘to be,enalyzed by the Rasch model.
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Sinuletion II* Nzar Perfect Guttien Dete end kandom Dnte

. To avoid thie problem, near perfect Guttnen date wore '
( genereted w;th enough random devletion fron a perfect
K ;’ ‘cuttmen scele 0 that fow or no itene or subdectu would 19-5
be deleted. This was done by introducing a nornelly
‘dietributed rendou error veriable into the nodel he:
effect of increesing the stenderd devietion of thie error
was to 1ncreeee the probebility (fron zero to one helf) of
o subject uissing an item below his eb'llty level end
' eimilerly, to increese the probebility‘ox passing ’”,?‘95
sbove his ebility 1eve1. In that this errer was norMally
- dietributed thie probebility dininished as. the distance
iy of ‘ho easinese of the itens from en itee leeeuring the
E eubjecte ebility level increesed. with,the exror etender¢
devietion being snell the dete would eppeer te Be near a
perfect Guttmen scele. In this case, the date produced 'y
fit to the Reech nodel with a probebility of one.
~ The neture of the probebllletic model noeds to be
' exenlned here. - In that the Rasch model ie & probabilistic
nedel, dietributlone of prebebilftiee ef iten end pereun

‘pereeetere are eeeueed end produeed. lf there is no

then the expected prebebilitiee of the model are not uet.

Thus this prehebllletlc nodel 1s not epproprlete fot the dete.
Thie is what occure when the ehl-equere probebility of flt '
teeches ene. Thle eey be better eeen with an exeeple.

M B . - *

L]
.

- P "
» . ik i i o

;veriebility 1n the ebeerved scores from the expeeted scores
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;lf‘six coins were ropeatedly tossed you‘wouldlhot expect .
© to get ¢xactly thxee heads and three tails on each toss.

1f this wero the case the probability distribu*ion of these

-?'events vould not be met.

In the cnse of a perfect Guttnen scele no. variability'
is allowed. this is seen in tho definition of reproducibxlity.
' Reproducihility is the necessary condition for a perfect
Guttman scale, where frem a person 3 total score his "
_reSponse pattern to the set of items can be exactly deternined.
‘kln this sanse the Guttman model is a deterministlc model
contrad:cting the assumptions of the Resch model. The u
,Asaught after probability for tho chi squere test of goodnuss
of fit is one half. Great devintion either way from one
 helt :epresen*s a lack of £it to the Rasch mode:.

aate eets ware thon gonerated with increases in erroy
devietion frou 8 perfect Guttnan scele. Rit to the Rasch
" medei repidly decreased to eround 2 probebility of .S (Tehln l)\
Te explore thus further, 20 sets of conpletely rendon deta
wore genereted and subjectod to the Resch anelyeis. The:e
" data sats represented the responses of 1000 Ss to 64 itens.
The average probability of ¢oodness of* fit was 414 with '
lil le va:ietien. s D. ~ 178, not eigniflcently different'?%
“frov. a probability of {it of .500.

" This finding was at first unexpected -- whet do such
dale aean? Hright's Law school Adelsslon Teet study (wrlght.
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o lqoa) uued data that had zero fit to the model which seems

, N
to be the more common occurrence with real data."In“
examining the original assumptions of the Rasch model this

i persistance of good fit for random data ct be oxplained.

: Discussion

SO s A S04 e AP

Rasch base<'his model.on three assumptions:
"1, To each sxtuation of a subject (v) having to solve
a test itcm (i), there corresponds 8 probability of a correct
ansver wnich we will writa in the form P = i/(1+x i)’
. vio

2, Tho sxtunt:oval parameter Mod is the product of two
% factors Ay ® ‘i (; pertaining to the subject, °i to
r the ftem)", R o ;

These parameters ‘have been translated to 2 and B
respectively by Wright (1968)
n3, All answars, given the’ parancters, are stochastically
independent." Rasch (1966). “
This tera stochastically independent can be translated

to "local indapcndence.ﬁ ?hough noithor Rasch nor Wright
) uses this ta:n in hls writing it was used at the 1969 AERA
pre: session on Rasch scaling. The ter- local indepondance
is also used to describe a basie assuaptlon of Blrnbaua's
model (Panthapakesan, 1969. Lord and Novick 1968),
| Birnbaun s model 1s similar to Rasch's aodel but with the
addltional paramater of item discrisination. Tho assuAptlon |
of local {ndependance provldes that "at a fixed polnt x

R A i . - A e LK, Bl M A il sl — S AP 0 O 2 il
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the probnbzlitios for joxnt occurrence are products of the

,ep1\zte probab1¢1ties (Lazarsteld 1960, p. 85) " qn

other words, “tnoso examined at a given ability level who

~ answer a given item corrertly are no nore llkely to answer

orher itows correctl) tnan are those oxaminees at the same:‘
1bility levol who answer tho given 1tem ‘ncorrectly (Lord
1966, p. 25)." 1arzarsfeld (1969, P, 497) slso said that
"if a class of people are alike xn an underl;ing property
then ihe indicatorq of thic prOperty should not be statistically
l‘PlBt(J in th:s class." !
‘His van explain ‘why complotely 1andom data show good
rit to tho model. 1t reprcsent« the case of "ocal" data,
l e. of sub‘ects with the same abllity level and all items
at thv dif‘iculty level meosurnng that ability. In this case
tho item characteris‘ic curve for each item would coincide and
thus not meet the cirtorion of & perfect Guttman scale. ;
’» This lllustrates another advantage of the Rasch nodel over

the Guttaan model. The ideal and Rost precise estimates of a

- person's ability are eade when the easiness of the ltens natoh

tiic subjects nbility. i.e. with repeated measurement of tho
persoas’ sbility. With the Guttman model a person's ability
fs oni§ neasured by'o singie Ltem or uith(n tn‘lnterval‘of only

- txn fteps, The precision of measurement is deternined hy how
fine of a discrimination can be sade between these two itens. 1
‘the iters exsctly meet his ability level then you would expect

a 80-50 chance of the person passing oachﬁ{tol;.'ln this caso the
perfectness of the Guttman scale would be lacking.

o o e 5 W
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Sinulation\lll-' Dietribution of Total Scere ,
855 1 T
Anotrer factor that can be varied in simulating data is the

distribution of total scores of the subjects.: In that Guttmen
t scaling is an ordinai procedure this should have no effect on
,yreproducibility. Similarly, in that the Rasch model makes no
B essumpitons about the nature of the distribution of total scores,}
variaticn in the form of the distribution should have no effect
on goodnes, of fit. Normat distributions varying as to standard
; do\iation end uniform distrihutions varying as to range were
examined As expected no systematic-differences in £it as well
- a$ no differences in values of the ability estinates wers found.
k"This last point again illustrates the independence of ability
' estimatos from the item easiness parameters and sample of subjects
used to caiibrate the abilitr sctale.
Sinuletion v Two gggtgl Data
' 1he last characteristic to be exanined in this paper 1s
the eftect of cembining two sots of independent data on fit to
‘the model. Three sets of data composed of 1000 subjeets
respondino to 32 items were ienerated with moderate deviation
from tho periect Guttman scaie.  The dietribUtion of total
f scores was unifora for all throe sets. For tweleets. naned A
and B, the rnago of total scnres vas 32. Bxcept for error
| fluetuation set c was gepera ed uith e range of tero and uith

. mean of 16, Both deta sets A und 3 hed & ehi square probability

of iit equaiing 1. 00. Altho:gh both sats of data were generated
- from the sane distribution o* total seores the two scores assigned
te,eech subject wete randon; thus tha total scores representing
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: ﬁhe two faotors wofofindeoondeht. The results of combining
these two data sete were aurpriqing. When >ets A and B were
: combinod the probabllxty Eor the chi square test of goodness of
.‘sfit romaincd 1, 00 When data setﬁ A and C were combined the
oresultant chi- square probability was zero. Data set C by
‘1tse1f had a £t of .868. Thxs tack of & Fit of probah:lity
of | in datu set C was dus to tho fact " .hat wzth trunca ion, sixr;’

. = «L&x !l Gl
grcater amount of deviatiun #rom the perfoct .uttmqn scale.

'f1tems were eliminated from tho data set thus producing a relatively~fQ
Discggjigp. ‘
| In an cttompt'to expta;n‘thoso ooguits sovofaiﬂgéétioﬁsy
of Rright and Panchapakesnn s oomputor program for the Rasch
-‘analysis (1968) were examxned. One of the firct matrices E
examined was the score group by item matxix. hlements of
| this matrix’ represent the nunber of times eaoh item Wi s
onsuered correctly for eaoh group of sabjects receiving ‘
'}he sane total score. ﬂhen orderod as to difficutly ‘
}teus from each set alternated. ln the case of combioinn f
sets A and B the offoct was to produce two jtems of | .
’slnilar dlscrlminatlon and ea«lnqss when separatol) thero
bad only been one for each set. "Thus the on1> change in
the nature of the data was the addition of items to ‘the set.
"1ha new distribution of suore groups or total scores was
:flo longer un:(orn but approached 'Y nornal distribution with
“a range of possxhlo score.s froa 2 to 64. From the central
1inis theora, if an Infinite nuaber of thase saaples has
beon added, rather than just two. the dlstrlbution of total

~ scores would have beon nornal (Wilks, 1962). But in that e



the Pasch model (F1gure 4)

v this modol !« xudependent of the distrihution of total

'scores this would have had no effect.; The offect of

e

-:dmtferenco, betweon total score for the two subsets of

J \

itons for each subject was lost. In exam1ning item

‘Qdiscriminatnon each item was similar (Fig. 3), aga1n

S

;not contrad1ct1og the Rasch modei The question st1]1

1cmains' "What doe= this characteristic of the Rasch model

,“mean whon tho independent sots of ifems combined yieid a

perfect f1t?‘ i e

1hc soc-nd combinatior of sets of items, i.e. sets

.'s;

“in and C, produccd a zero £it. Sets A and B were composed
tof items thh approxlnately equa1 dxscriminatlon' the

%d1scr1mination of the 1tems of set c were poorer. This

was een from examlning the slopes of the ICC for each
18 ¢

i en.a Thus when sets A and C were comb1oed the new set

rhaa iters of vary1ng discr1m1nation and thereby contradxcted

.
SRet

As Wits 111ustratcd in thxsvlast simuiation the
independewce of total scores is alone not enough to reduce
£it to the model, agaln the important factor was item

H

discrimination. ' : R

Concluslon R BRI

e § 2 ’ ; . ‘H

~The Rasch nodel and its chi- square test for goodness o*

fit is hlghjy sonsltlve to changes in item d1scr1m1nat1on

dalfhough rhe sIopc of the 1cC es ‘a measure of 1tem dlscr1m1natxon

,{L %)
in :tself has no effect on goodness of flt. Varzatlons in

the distribution of total scores has no effect on goodness e



of fit,

‘meaning

to mean

theony.“

BT

Finally in considering two factor data, the
of the dimensionality of a data set seems .
something difforont from that of classical test

What it ‘means neods further study and explanation.
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‘Item Characteristic Curves

1.0
;'proﬁ;‘
of .
correc
respon%
0
qﬁiiiiy
| Figure 1 .
Perfect Rasch Scale
1.0 /
o/ / .
o ability
Figur§¢3

Data séts A and 3 6ombined.
(only 6 items illustrated)

1.0
prbb..bf
correct
response
0 /
ability
Figure 2 -
Perfect Guttman Scale
1.0

o | .
L ) -} A ) ) i
y . N & 1
ability -
Figure 4

Data séts A anﬁ C cgmbinéd. :
(only 10 items illustrated.)
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'“Tﬁhle']"”ﬂééﬁ*4%hi sﬁbﬁfc’Prbdeiiitiés for
Flovon Dif!cront DegIaes of Brror Deviation

fron tho Porfect Guttman Scalc.

Error Deviation Mean Chi-square Prob,

8 - 086
16 T Red
24 691
O o ses
0 628
45 | 427
56 | .428
64 | .580
Y128 582
160 , 480
320 . Lses
* Random Datat* 414

*  Fight data sets were generated at each level of error
deviation, these means differed at a .001 level of significance.

% TLis wean was based on 20 sets of Random Data.
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