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ABSTRACT

The Rasch item analysis model is supposed to yield
norm-free estimates of ability and easiness values, but there are
several possible interpretations of thée nature and extent of such
norn-freeness. One such interpretation was that to involve the scores
of one single experimental group of testees which were embedded in
four differently skewed distributions of other scores, the testees
had been administered easy and hard sets of items for the
verifications of person-free and item-free ability estimations.
Similarly for the verifications of person-and item-free easiness
estimation by ‘the Rasch model, the study involved the formation of
four differently 'skewed sets of items in terhs of their proportion
right easiness values-among which the same single set of experimental
items had been embedded. These four sets of items were administered

* + to bright and dumb groups of examinees. The no-guessing and constant.

discrimination power assumptions of the Rasch model were respectively
made to be satisfied by using the cloze test blanks as jtems and by
removing those blanks outside a narrow range of discrimination
indices. Because of the possibility that the estimation errors.may
criticalIy—depend on the number of ties at each raw score level
making the Rasch estimates of ability and easiness statistically
different from one group of examinees or set of items at each of
these, score levels, a linear 'prediction model was used with the raw
pupil scores or item easiness as predictors. (author)
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SOME METHODOLOGICAL CQNSIDERATIONS IN THE TESTING OF RASCH MODEL—CLA;MS

. ‘ . e
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" 1. INTRODUCTION

.

.éver since Gullikﬁgn’s ?1920) £xpressiof of the need for a response-trait
model‘which would yield norm-free estimages'of.pupillabilities aﬁaﬂitem-easi~
nesges,  there have been numerous attempts by Lazarfeld, Lord,-Rgsch, ﬁirnbaﬁm,
and others in this direction. Except for the.normal-ogive model of Lord, all
the others are completely/arbit;ary mathematical,funqtions purportéd to repre-
sent the binary responses of actual life. The’siﬁplest of all is that of
Rasch (1966). The essence of his model is epitomized in the expression'for

Probabilit§ of getting an item of easinéss ej right by a testee
of ability ag .

' Pij(xs - (aiéj)ff(l + aiej)

with x equal to unity. In the above equation, x 1s the random
. variable taking values 0 or 1 accordipg to whether the proba-
bility is for the item béing scored wrong or right.

: b}
Thus,.ghe very basig equation gtarts 3ifh two separate parameters of person
ability a; and item easiness ej, with the assumption that they are independent
and can likewise be estimated: easiness without regard to what sample of persans

B

is used and ability without concern about what set of items we have at hana.*

-

* - .
Ragch (1966), in the abstract to his paper, says "An approach to item analysis

is described by means of which the difficulty of an item and the ability of an
individual mag sometimes be assessed without reference to the norms provided by
some population.” What the conditions are, to make the norm-free estimation
possible are not explicitly mentioned, mnor is indicated what is meant by "'some
population.” The condition seems to be that of using the row and column fre-
quencies of correct responses of the ordered item-person response matrix, as
sufficient statistic for ability and easiness estimation; moreover, Rasch adds

in the body of his paper, "..the parametdr of the subjects in the subgroups may
be evaluated without regard to the parameter of.the other subjects; and, of
course, it has already been shown these will all be independent of the it m para-

meters. A similar statement holds for the latter." This seems to mean that
there are four freenesses of Rasch estimation: person~ and item-free ability
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This last claim has been the onme under test by several investigators and
is also the subject of the bresent effort, This endeavor was to call

attention to the various inédequaciés of the ‘past stu&ies and correct

.. X . ’ w
. ! .

-

them where it was possible.

2. REVIEW OF LITERATURE

Brooks (1965) in;estigated the invariance.pf Ra;ch-easiness-estimate;’
(REE's) with respect to large ability variations in the sample of persons
initially uged to arrive at the easinesses (test of person-free easiness.
éstimation). He used two samples of persons of differing mean ability

v

and evaluated the invariance in terms of an "I-index" obtained by taking

the squateé-root of the mea; squ;re deviations of the itém-points of an 'i
empirical plot from the'straight line prescribed by the Rasch model. He
found that, in general, the item-pointd foll?wed th; theoretical line.

His conclusion was based on the visu;l observation of the closeness of the
observed and the theoretical points. The degree of closipess of.thése ’
points allowing for chance errors (due to sampling, p;aaurement,.and

estimation procedures) can be evaluated only by statistical inferential

methods.

Wright (1968) used a different approach to corroborate the invariance
'of parameter estimatiom by the Rasch model. Tr verify item-free;abili;j

estimation, he gave easy and hard halves of a test to a group of.Ss and

estimated two sets of Rasch abilities for theréme Ss from the two sets

of items. The purpo;e of his data analysis wds to see how the raw test

scores (RTS's) compare with the Rasch ability estimates (RAE's). So, he

found the differencgs, their means and standard deviations between the
o

. i . o
two sets of RAE's and the two sets of RTS's. The mean and standard .

deviation were smalf for the RAE's and large for the_RTS's. This showed

- -

,
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that the RAE' 8 are about the same for any group of Ss, no matfer what
kind of item; they ate administered to. Here, Wright compared the ‘meairs
of the differences and not the individual differences themselves. Rasch
might have meant invariance of RAE's for individual persons, and not for
the group as reprgsen;ed by the mean. Mbr;over, small ﬁean-differencé‘ia .
"an’ artifact of the logarithmic scale of the RAE's.

To verify p;rson-free ability, Wright determined the RAE's and
percentile scores of a high' and low ability group, corresponding to each
RTS. He then plotted both the pairs of RAE's and percentiles (parts, .

. because of the low and the high ability gréups againsti'the RTS's, Whereas
for the RAE's, the plots of the two groups wer, overlapping, they were not,
for the percentile-pair. Wright concluded thit for Any RTS, the Racl-?

model gave the gsame estimate of *ability.

and the Rasch abilities from two groups-of Ss and finding the correlation

° to be high [(. 996 and {992 respectively). [It is not known how different

e ¢

the two gr ups were in the score distrib tion statistics like mean and the

skew, It:em-free easiness est:imation wag tested;by correlating the easiness

- t »—wq

scale values with and without the ite fitting the model. This correla-

-

tion was found to be high again (.999). It is felt that correlation- is

not a precise measﬁre of agreement between two sets of values even though

ig may serve to indicate th;‘aegree of relationship between the two set;.
Brink (1970) verified item-free and person-free ab111€§ estimations

using simulated data with total scores being of varying gtandard deviations

but satisfying normal distribution. He also used data of varying ranges

v
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"and of rectangular distributions. He concluded that there %as "mo . - S

1] »

systematic differences in fit as well as no differences in values-of the

abiiity estimates," What statistical measure he used to gauge the fit is

. Y

not clear. At any rdate, his study shows that there is no 1nf1uence of .
standard dev#ation on the Rasch estimates. . " * < .

. .

t ] Cypress (1&72) found while examining person-free abilicy and eaginess :
estimations by the Rasch model, that different akews of the score distribu-
tion did affect ability and easiness estimatidn. The dependent variable

“ to study the effect of person-score-ske;s on ability estimation was a
distance measure called the sum of absolute differencea. ,The differences -

1

were tHose between the RAE's cortesponding to the same raw score but for .

rd

two differently skewed distributions - one with known skew and the other

with zero skew. Cypress” used the expression given by Wright and

-

-\

Panchapekeaan (1968) for the atandard error. of easiness in the inveatiga-
tion of person-free easiness egtimation. In her’ study, the differently
skewed distributions also had widely different means. It is not apparent
vhich caused the‘observed effect on ehe Rasch EBti;etes. Furthermore,
coméuring merely the raw aue of absolute differences does mot take futo
congideration the aamplidé,"eatimation and other chaece errors.,
Tinsley aed Daﬁis (1973) used correlational- methods to detejgine , . -
vhether RAE's were more invariant than percentiles and- raw scoregtwhen
’ they were estimated from tests that were}different in item easiness (éest
of item-free Ragch- ability estimation)i They computed the correlation .
v between each pair of the three types oﬂ'gcores, obta;ned from hard and .”
,; easy parts of four kinds of aﬁalogy subteatey(wo;d, symbol, number, and
'! picture). All the three types of aco;es were found to be item-dependent.

The investigators ateributed this to the failure .of the tests to meet> -

/ the assumptions of the Rasch theoretical model. To quote them, "it is

7
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“'$llogical to assume that tests which do not fit the Rascn model yill still

have the characteristics attributed to it (Tinsley & Dawis, 1975).“

-

3. CRITIQUE OF LITERATURE

-

’
Some apparént flaws or inadequacies of the foregoing studies.are

lizted below. ’
a) - ’ While Rasch meant independence or invariance of estimation

n .

in the four respects of person-free abilicy, person-free easiness, itemr )
g 2

free abilfiy and finally item-free easiness, none of the investigators

i studied all of them., .

, b) Inspite of the knowledge that the Rasch model assumptions were
not, satisfied in their data, the investigators proceeded with their
* studies of verifying Rasch modelfciaims. The assumptions of no-guessing
and of constant-discrimination-power in the items of the test used, seem
- to be the major ones violated. That of the unidimensionality of the test
night‘nave been satisfied only in the analogy tests employed by;Tinsley
and Dawis (1973). ﬁhfortunately, the meeting of the assumption of iocal
independence of the item~responses,cannot be evaluated.

¢) In any ver#fication of person-free ability or item-free

easiness estimation by the Rasch model, the sample size of persons or
items, and at least, the first three moments (mean, sd, and the skcw).of
the parameter distribution have to be considered. When the effect of one
of these is being studied, the rest of them should be kept constant. None.
of the investigators took this into consideration (A generalized normal
function is appropriate for this purpose).

' d), Errors of measurement, estimation and sampling c?n“be allowed
for only in the frameWor; of statistical inference. Such & route does

not appear to hase been thought of by any of the above-referenced workers.
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Chiisquare tests are less suitable than the p;rametric F-tests, since the
Rasch measiires are supposed to be/ratio scale. -
While it is true that Rasch's claims could be interpreted and tested
in many way;, the "method of embedding" for the verifications of person-

free ability and item-free easiness, and the usual "method of variant

N /

.

groups" or sets for the (cross) verifications of person-free eaéiness
and item-free ability seemed to be usgeful to bring out’ the different
nature of the issues involved. It woul& be-edifying'at this point t;
state the purpose of the present study explicitly and our interpretation

_of Rasch's claims, when these methods will also be outlined.

. . 4. PURPOSE oF THE STUDY

It is the purpose of this study to test throuéh statiaticai

inferential analysis the claims of the Rasch model estimation

in the four aspects of person- and item-free ability and

easiness estimation.

a,b) Person- and item-free>kaach ability esfimatioﬁ: For these
cases, the Rasch claims are interpreted to mean that a testee or a group
of testees whose scores are emsedded in a series of differently skewed"

‘ distributions of sc¢ores, should have the same Rasch ability estimates ~
from any of the embedding or host distributions. This defines the case
of person~free ability estimation. For item-free ability ?sti?ation, the
Rasch ability esfiﬁatea of the experimental Ss (who are commdn to all the
enbedding or host distributions) should be the same from the administration
mqf either hard or easy item-set;. In effect, the object here is to stddy
the effect of skew of the embedding subject-séore distribution and that
of the item-set easiness on the Rasch ability estimation.

c,d) Person- and item-free Rasch easiness estimation: The easiness

estimates from the Rasch model of a given item-set should be the same

whether they are estimated from low or high ability Ss. Item-free easiness

-




"of items common to several distributions in easiness values have their

_.number of girls and boys in the sample. These pupils had taken five éloze

P < -~ -
N >

7 . - «i
. X

estimation by the Rasch model might be said to be true if a particular get
Rasch easiness estimates unaffected E} their presence in these host distri-
butions. In summary, our aim here is to study the effect on Rasch
easiness estimates by the skew of the embedding.e;sinesa distribution
and by the ability of the subject-group'used to arrive at the estimates.
5. METHOD OF ANALYSIS
a, b, ¢, d) i) Data: .The subjects were 226 pupils in the 4th, Sth,

and 6th grades of three different schools. There were apbroximately equal

testg* in social studies, out of whiéh, one of moderate difficulty was
chosen as the fexpgrimental cloze tesé" (ECT) ag tHis was going to be used .
for the primary purpose of estimating Ra{gh'scares and in the sébsequent
inferential ;nalysia. The/other four.were called the auxiliary cloze

tests (ACT's) since these were to be used fér the secondary purpose of

creating the various skewed distributions. The ECT and the ACI}s had all

T =" "gbout 250 words and about 50 blanks The blanks of the ECT were considered

/

;

as "items" and the free responses ‘to them were acored zero or one for ‘
wrong or right restoration of the deleted worg.
Sinace the Rasch model estimates can be expected to follow Rasch's

claims only if the model asaumﬁtiona‘are mety the assumption.of equal
. v \ 1}

' discrimination was forced bxfdiscarding items having a discrimination

index outside a small range of 0.15 fromsthe ones with the maximum set of

*Cloze tests are aaiépﬂ of reading comprehension tests wherein every n'th ‘K,
word is gystematic deleted from a passage and a blank of standard length

‘ig left in its place; pupils fill up the blanks using the context of the

words on both sides of the blanks. The percent gcore of a pupil over the

number of blanks on 4 randomly selected passage of a book can be taken as

a reasonable measure of reading ability of the pupil with respect to that .
book.
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ar: tems demanded by the model. As far as the assumption of guessing

being small goes, this can be expected to be fairly well satisfied in ‘the -

‘case of free responses, since the number of alternatives or choices or

options per item can be taken as extremely large., The reciprocal of this
. T e
number will be small, which reciprocal is usually taken as the probability

of chance response to an item. The assumption of unifactoralness can be 1

expected to be also satisfied in cloze test responses. Thus,-once it had

-

; ] .
‘that the assumptions of the Rasch model were all fairly

been seen to that
- b

well met, the claiﬁg‘wgge ady to be ;ésted.

-
«

The scores on theuﬁour ahgiliagy cloze tésts (ACT's) were dichotomized
. ) *.\‘ / ’, : st . i
on'a criterion score. Their totals ranging from 0 to 4 were used as .
1 ..‘ .~ - ’ / ) . ‘ - :
premeasures to create four distributions of four different skew magnitudes-
- % - Q

[

but of similar meéh,.standard'deviation, and total sample size. The parent

distribution had & total of 226 Ss. The four host™* distributions were

~

created by calculating the numbers (frequenﬁies) to go in each of these

.

five score groups 80 as to give the same reduced total of 189 Ss anf/a
constant mean. The calculated frequencies were randomly drawn afresh 4
times from within each of the five score groups of the parent distribugion.

In?brder to alter the skew magnitude, the trend in ‘the frequency distribution

-
¥

*The ACT's were used as premeasures to create the differently skewed dis-~
tributions. It is customary in the literature of cloze test studies to use
the .36% score as the criterion to denote the demarcation between those who
can "read" the passage and those who cannot. This was the criterion used
-.. here too. But such binary scores are not in anyway superior to the raw
scores themselves apart from being conyenient to calculate the means in-the
trial-and-error creation of the four skew distributions.

-

Kk
The qualifier "host' is used here to indicate that these distributions
housed .the experimental Ss who were common to all of them.

¥
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of ACT scores change'iniékew in a cextain direction was aoted. /And then,
either the low or the high scores, as was noted, were pemoved or added ran-

M~ . . ~ o
dowly to the score-group of the host distribution under manipulation.

>

L a,b) 11) Procedure to test person-free and item~free ability
estimation by the Rasch model. Of the total 51 blanks or items, 11

were discarded to satisfy the constant-digcrimination-power assumption
- ,

demanded by the Rasch model. The proportion-right easiness values were
- >

A rénked and divided into three thirds tp give three itém-sets éf hard,
hmedium and easy items. The Ss in the 4 skew groups (host diétributions)
were “administered" all the three sets of items. Due to the particular
hannex of the construction of the 4 skew~£roups, there happened to be

26 Sslwho belonged to ‘all the 4 skew groups and had nonzero arid non perfect
.scqres in all the three item~sets. These formed the experim@ntal Ss' who
yielded repeated measures on the péeudo-factors of  skew and.éasiness (below).
b¥i Phe Rasch ability estimates were the dependent varigbie(s). . The dorre-
9ation between these RAE's and the ECT raw score togals wag contrélleﬂ by
making the latter a predictor in a linear prediction m;del. The correla-

%&Bhﬁ"' ong the dependent variable(s) for the 12 conditions of three easi-

7EEs levels and four gkew levels was taken into account by making these 12
sets’as dependent variables, with the assumption that they 6bey a l2-variate

hormal distribution with a common variance-covariance matrix (tables 6 a,b).
.en . The design is, thus, a mulgiva;;ate }inea; prediction model as repre-.
.sented by the scalar equation:

*

-~

A

or the vector equation:
' -+ . Ay -+
Here,

Y;j = the dependent variable K (Rasch ability eatimake in the logarithmic
/

)
-/

: 10
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scﬁle) ;

i =1, 2...12; index for the 12 conditions of 4 skews and 3 easiness
levels.

J=1, 2...35 (maximum reached on the.SO.blank’ECT); index for raw '
total scores on the ECT

*

»

%i- the prediqtor;,the ECT, assumed to be error-free
Oi= the population value of intercept-like parameter; determines the Yi3 ®
a zero value of Xy . . : .

IS

-

Bi= the population value of slope-like parameter (direction nq&ber);
determines the rate of variation of Y for unit variation in Xj

€ij= poppilation value of residuals; deviation of the predicted Yi .
from the observed Yij; assumed to be normally and indepeﬂdénlly
digtributed. —

‘ .

This lipear prediction modél would permit the testing of equality of -
! . - ; B

RAE's for tée inqivi&ual raéher than the over-all mean;by'dint of the use
of the concépt of "fit" of the regregsion,line;. The;hull and the research
hypotheses %re thaé the inpercgpts and the slopes shoﬁld be thé game for

the experimgntal‘SB immaterial of what gﬁew host they belong to and irres- £

pective of how hard or easy itemgvthét are administered t6 them. In
! L2

ésaense, the hypotheses are meant to test whether the prediction lines are
) . A " <

collinear. If there is noncolIlnearity'owing tgwfyrors of measurement and

estimation the effect(size of the“departﬁre in the populifion should *be

v - ¥

minute. - Obviously, a largi/sgmple size should be used for' this kind of
goodnesg-of~fit like hypotheéis. In other words, consideration of power

or beta (type II) error is very relevant here. High power or low beta ‘

o

error should be aimed at. As far as type I error goes, we can set the
alpha probabilit} high (say, 0.4) to give‘the data at hand every chance
of rejecting the proposé@ nhll, even though we are really interested in ~b
retaining it or failing to reject.it. The'multip;g hypothedegﬁinvolved

(in testing separately for the equality of iﬁtercepts and the 819pe8 and

. ©
then these, separately withipn each skew level for all the easiness levels

”~
”5

s,
P

' 11 | 8
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and also within each easiness level for all the skew levels) should auto-

md(ically increase the alpha error for the whole experiment, even if that

- I .
for the individual hypothesis is set low. The multivariate design is ¢

illustrated in figure 1.

ysf

LS3}

[
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0

1 N 2 3. 4 5 - ACT
’ .o . binary
’ totals
FPig. 1: Schematic diagram showing the linegr prediction
model for 12 dependent variables of 3 easiness levels and
4 skew levels; illustration for one score group vf the
auxil%fhry cloze tests' dichotomized score totals.
" ,'.

Legend: Si, 82,...84 indicate the four skew levels; E, M, &'H denote

[S——
/

the three easiness lévela.

.

\1 The null or thﬁ‘research hypotheses are gymbolically represented in ° - '

. . : ‘ *h L
the following equacionsz* for any ¢ne score group of the ACT (see fig. 1), N
| ]

) \
i .

| . . ~

*in ﬁrinciple, a third hypothesis should also be tested on the equality of |
' correlated variagdegﬁregidual or predicted) or equivalently the equality
of tightness of ‘fit; all thg three hypotheses together will go to test for
the éollinearity f the.prez&ction lines., The pertinent tests for. the last
of these (to test the equality of correlated variances) is given by Anderson
(1955) in the form of a hypothestsﬁequatiﬁg two variance-covariance matrices.,

\/ - -~

**Iflthere is any reason to believe that the prediction lines are of equal \ Ql\

+

intercept and slope across all the five score groups of the duxiliary cloze
test#, then tHe appropriate tests are the likeliliosd ratio tests given by
Gulliksen & Wilks-(1950). This kind of different test is dictated for the
'ateasén that the assumption of random sampling does, not hold good across these
scoré groups bich are merely different sections of thesame bivar ?é)
diat*ibution f the predictor and the predictand in the prediction system.
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) First, we test.whether the intercepts are equal: .

%alel " %le2 ¥t T %gue3 . " .
Second, we test‘whether the corresponding alopes are equal:
- . " 88181 Balez LI Y 88423 in the population.‘ .
Here, "s" gubscripts denote the skew levels and the ''e" ones the easiness

levels. v . = :
" To get the 12 sets of the Rasch ability estimates, 12 runs of the 4 /
- <

Rasch item analysis program (Wright & Panchapekesan, 1968) were made,
administering Ss in the four skew distributions i%ems in the three item-

'aeta. As it was thouﬁht that the degtees of freedom for the denomenator
ﬁ* (
td the P-tests would be larger if only 8 dependent variables were used, the

* &

number of easiness levels was decreased from 3 to 2 for the important tests

of persong- and item~free ability estimation.
The Foftran program called "Mulgen" was used for the tests of contrast-

&n¢_the~over-all-hypotheses. .Only the experimental Ss in the zero group of

ACT were used for, the analysis. The latter was done on these 26 Ss common to

the 4 skew groups and with nonzero and nonperfect scores on the 3 item—-sets.

Ic,d) Progedﬁtg to test person-free and item-free easiness estimation
by the Rasch model: The procedure here was somewhat gimilar to-that in
testing Raéch'ability esgimétion. Of the 30 items ‘in the fareﬁt distribu-

*  tion, four host distributions waere created, each co;taining 15 items. By
trial-and-error, using the prOportion‘cortect easiﬁégs valueg aa'tﬁe
measures for consideration, thése 4 distributions "skew-sets" were construct-
ed (table 1c). Five items common ®b these skew-sets fﬁ;med the "experimental
items". Three ability groups were created by ranking the ECT total scores
and taking the three thirds (one of the.groups hg@ 76 Ss while the other
two had 75 Ss éach,‘yaking the total of 226 éa). Rasch easiness estimates *

-

were the dependeng variables for this part of the atudéi These estimates .

., under 4 different skew conditions enabled the testing of it:em-freeﬁ,(skew-

’
‘ e e
o .~ A

*The correlations among these Rdsch easiness estimates are in table 7.
Q . . , - ’ -
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free) easinesé estimation by the Rasch model. 'The same estimates measured
under three ability conditions made pogsible the testing of person-free —
Raach easiness estimation. The twelve aets of'Rasch eaginess were obtoined
by twelve runs of the Rasch item analysis program as prepared by Wright &

_ Panchapekesan (1968). Again, the fortran program, meant for teating of t

multivariate general linear hypotheses, was used in ‘the testing of equality

of intercepts and slopes of .the prediction. lines.

6. RESULTS
L 4

Irrespective of the. total. number. of. individual. contrast. hypotheses
tested, the type I error rate for these individual tests was set at .05
level (Conclusions will not change even if it is get at .01l level, except-
ing that there is no tabled F, for the degrees of freedom, 3 and 1, at |

' .61 ievel for the tests of Rnsch eaginess estimation) Assuming our cri-

terion of collinear lines does indeed go to proVe Rasch's claims, we
would expect failure to reject the nulls in all the individual contrast-
‘tegts, if his claims were true. Co ;

Now, going to table 2, where the case of person-free ability estimation
ia :fported, we find that rejection of the null is in order. Withi each .
level of the item-sets, the Rasch abllity estimates are not statisticaily
the same across the skewbgroups. In other words, skew does have an influ-
ence on the Rasch ability estimation; or, Rasch model is not skew-free in
the aspect of ability estination. ) . : : \

Looking at table 3, where iton—free ability estimation by Rasch model
18 tested, we see that the slope and the intercept hypotheaea‘ore not v
rejected wbile the oVer-ali hypothesis is. Since these two types (indivi-

dual and the over-all) of tests have different degrees of freedom, they

" cannot be compared. With regervations, it might be said that Rasch abili-

14 ’ - ‘
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ties are free of what items are eﬁployed to arrive at then.

The fact that at least one set of hypotheses for the tests of ability
eatimation was rejected (as in table 2), is reflected in the over-all test i
of both person- aﬁd item-free ability estimation, as in table 2'-3'. ;

Taﬂle 4 gives :Pe tests for the case of person-free easiness estimation. |

Noting that the degrees of freedom are rather smail especially for the deno~- R
) b

——

menator of the F-statistic, we find that the data used do not support the

null that the Rasch easiness estimates are unaffected by the diversity of
. )
person scores employed.

In table 5 are reported the tests of itéﬁ-free easiness estimation by
the Rasch model. The intercepts are statistically different while the
"slopes aré not (at the level of significance chosen). Hence these parallel
linqp nay be intérprgted to mean tﬁat there is éhe effect of an additive
constant in this case. By our criterion of collinear lines, Rasch ;asineaa
estimafés are not item-free or skew-free.

To summarize, we conclude that item-free ability egtimation by -the Rasch
model alone may have been supported-by the- data used in this, study.

éhilelthe estimates of intercepts and the slopes appear to be pfactically
about the same, Lhey are not(statistically the same in most cases. They
need to be closer in éagﬁitudea in thé light of high correlatio&s among

‘ the dependent variablés (namely, the Rasch estimates for the conditions of

person-gcore-skew, item-easiness~gskew, the ability, and the easinézs levels).

But tdking into account these 'correlations puts probably too great a cons~

traint on the verifications.

7. LIMITATIONS OF THE STUDY

a) Tha~saﬁ§;; size is small for the Rasch modf}/yerifications and this

4

can be considered serioqus-only in those tests where there was failure to

S
[T

»
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rejeét the null. This is to ensure or ascertain that the true null is re-

s

tained, in these cases, even though both the null and the research -hypothegeg
wére thelsame (1ike in the goodness-of-fit tests) in all verifications.
bd There is, 6f course, the logical axiom that one can only disprove
any pf;gosition and not prove it. On this account, the ver§ bagis of this
i
agggz_is shaky. More proper would have been a mathematical proof of the
invariance of the Rasch estimates with respect to the considered manipulated

2

variables using one or more of the invariaﬁce theorems,

c) The creation of the various distributions of the &i;ferent skews from
one parent distribution can produce the observed skewlaiffetences merely by
the effect of random sémpliné;‘the different skews that were produc;d from )
one parent d%stribution were solely an artifact of the sampling fluctuations
and for this reason, the skew magnitudes were close to one another. -‘This

problem could have been circuﬁvented‘by génerating artificial data to create

several parent distributions which themselves could be used to host the

experimental Ss.

d) The manner of creation of the host-distributions of several skew mag-

aitudes might be questionable. Trial-and-error method of manipulating the

. score distributions might be considered as quasi-random and not completely

random. This might have affected the assumption of the independent chi-
squares in-the formation of the F-statistic.

e) In retrospective reflection, it is thought that it was not necessary
to have attempfed to, keep the first two momggta (namely,g;he mean and the
standard deviation) of the parameter distributions constant. Any combina-
tion of these might be varied as would be true in real life norm distribu-
tiongs. Studying the effect of the variatien of the skeé of the distribu-

tions alone or their mean alone would be only of theoretical or academic

5

interest.

. 16 .
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£) A plot of the Rasch abilities against the rav scores will be a

_logistic curve. But in this.study, straight 11598 were fitted and may

not ?f have been appropriate. ) , %

8) Im the ability verifications, the predictor variable for the fit
cfnthe straight lines was the totals in the 30 item experimental cloze
test, even though éhe Rasch abilitieé'had been derived from the respec-
tive subtest scores (egsy, medium ;nd ha{d subtests). These subtest
totals would have been better predictors. 1In fact, going to table 6b
gnd looking at the middle two columns, we see that the Pearson corre~
lation between the ﬁedinm subtest acores and the corresponding Rasch
ability est{?ates is more or less uniforml§ .99 and that betwee{ the
hard subtest sc?fes and their corresponding Rasch abilities is very
uniformly .98. ﬁut the correlations between the;whole test scores and
the medium-subtest Rasch abilitieg or the hard-subtest ARa‘sch abilities
are lowgr (;early +79 and .59 respectively). In/Appendix is reported .,
an approximate repeat of all thé.previous inferenti;I analyses. using

these gubtest scores as predictors. It will be 'seen that our conclq-

sion on the possibility of item-free Rasch ability estimation was .

nullified. . p

In view of the above limitations, the results of this sgudy can, at
best, be regarded as tentative and of restrictq§ value. It is regrettable
that .even this elaborate effort could not pronounce the last word on the

¥

issue of the veracity of the Rasch model claims.

“
s
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APPENDIX

In the Rasch abilit; verifications, we had used the 30 item scores
as the predictors instead of the 10 item subtest gcores. In view of the'i
higher correlations of the Raach abilities with the latter, the predictive .
\\

"power (predictable variancé) will be increaaed if these subtest scores

were used as predictors. Moreover, subtest gcores are the more legitimate

.predicﬁora for the reason that the Rasch abilities were in reality derived
. from them. '
L

Therefore, a reanalyais was made on the inferencea of the equality of .
”intercepta alone at various specific values of the predictor. As expec-
iiai ted the error variances dropped dram&ticaliy (to the range .02- 56) from
2. . - what they were (range 2-12)Jyhen the.whole-test gcores were the predicto;.
The ‘'intercepts”, alope%j andéthe F-gtatistic for the test of the equality
“  of these inte:cepts (actually, the predicted meana of the conditional dia-

tributions of the Rasch ability at specified predictor values) are given ; -

/ .

in tables 2', 3' and-2"-3". It is seen that the null hypotheses of the
J 1 |

equal predicted-mean-Rasch abilities are contradicted by the data in all

. /B

cases of the 4 aggw levels within the 2 easineas levels and of the 2 easi-

ness leVQ}B witﬂ!n each 'of the 4 skew levels. Going back to table 3, the

R * —
/ rejection ‘of the null in the\oVer—all tests geems to be supported by this _

reanalysis. TRus, Rasch's claims are contradicted in all the four res-

’ %

_pects of person- and item-free ability and eaaineas estimationa. But a

word of caution. 'The h#gh and sometimea inordinately high F valuea are due

to the high and sometimes perfect correlationa among the Rasch estimates

(as in the bottom line of table 6¢) and between the latter and the predictors.

- -17- 48 ‘
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" > . . s .~ ..._ B :-f.A - . -.7
. «»%Table la. Diat.ribntlon etatistics for the testinz of perscnufreo (skew‘-'rea) ability =1

: oatinatitm- (auxiliary clohe test — ACT)

. W ey el oyt e ‘ - Tt e rm———y
. tatistic. skew group-l ° skew groups2 skew group=3 skew group~l
meat, 108 2,03 2.07 S
gtanderd . BT : S
. ’dmation : 1012‘ 1.@ . .,1021 . 1028 .
'.mg ' .n. ) . 080 ‘. #- Q9$ ) 053 -
) t. oo . .
: mosis . -'39 -'~p22' "012 0092
‘ .
Table 1b. Frequency distribution in the four ske‘..s-gronns (26 Ss commen to all the h

é!cew-vroupa)

e

i fotal Binary - ., , s " o o i}
[, Booroin AcT K& "g"""?"l skow @m- gses growpe3 & grom=h
%xi ' * ) - '
o o , 82 - 79 B2 } ° 82 ' .
Yoo 36 5o 50 22 -
4 ) . y, .
# % 3 12 ;15 17 S 22 S
' s; b S | .S - oon
35 tobal 189 ' 189 . 189 159 :
a,;!m==— x= : == o - : , _
g
§

. Table 2e. Dizdribulien stati«tica i’cr the tcatin:r of itcmfres (s‘fc',.n-frce) easino
e:;timatiow {ray 6asinass in units of proportica corrcct) (5 items cormon to all the

. *‘ & gkew-sets)
uté}@iaﬁ.c, riou~get « 1 gkewwget « 2 skeweset = 3 okewesot = U
soan . W39 A0 31 .37
otandard : ' | '
doviation J17- : | o5 .20 17
SsE? . : Ub | e32 i 17
ktgbpsits ~. 149 3 S .99 ' -.95 S




' Table 1b': Rasch ability estimates for the 4 skew lev
~easy, medium and hard , each of ten items:

in the Rasch estimation procedure) :

f

-

- N ‘e <, .
els and three item-sets:
(zero and perfect scores are omitted

<

=19

T -19

. RAW easy item-set medium item-set hard item-set
SCORE log antilog log antilog log antilog
skew-group-1 . - b
1 =2.356 " +095 -=2.337 097 -2.288 - .102
’ =1.495 « 224 -1.483 1,227 ¢ -1.453 <234
3 -0.911 «402. -0.905 _  .405 -0.891 410
& -0.429 "«651. -0.426 ~ . .653 - -0.426 .653
5 ‘0.014  1.014 0.012 ' 1,013 - 0,002  1.002
.6 0.453~ 1.573 0.448 : 1,565 0.430 1.537
7 0.926 2.524 0.917 2,502 * 0.893 2,442
8 1.493 4,452 1.481 4.396 -1.453 4,275
9 2,330 '10.279 2.314 10.117 2.284 9.815
skew-group-2
1 -2.33 . .097 -2.355 .095 -2.323 .098
2, -1.483 . «227 -1.496° 224 -1,.482 .227
3 -0.905 2405 - «0.912 402 -0.912 402
& -0.427 .653 ° -0.427 .651 ~0.439 .645
5 0.011 1.011, 0.014 1.015 0.001 «999
6. . 0.447 1.563 0.454 1.575 * 0.437 1.547 .
"7 0.916° 2,500 0.927 $§.2.526 - 0,911 2,487
8 1.481. 4.397 1.493 " 4,451 1.482 4.403
9’ 2.315 10.129 2.329 «10.268 2,325 10.231.
skew-group-3 -
1 -2.336 .097 -2.367 .938 -2.281  -.102
2 ~1.485 .226 ", ~1.504" «222 =1.449 «235
3 ~0.909 - .413 -0.916 .400 -0.889 - .411 -
4 ~=0.431 .650 -0.430 .651 -0.426 .653
S 0.008 1.008 0.016 1.016 0.001 1.001 ,
6 ° 0.445 1.561 0.458 °* 1,581 0.427 1.532
7 0.917 2.502 0.932 2,540 0.889 2.433
B 1.484 4.410 1.500 . - 4.483 1.449 4.258
9 2.321 10.186 2.337 . 10.352 2.280 '9.776
.
skew-group~4 ] »
. : y \
1 -2.332 .097 -2,348 .096 -2,318 .099
2 -1.482 .227 -1.492 <225 -1.478 .228
3 ~0.905 404 -0.910 .402 -0.909 .403
& -0.429 .651 -0.429 , «651° -0.436 646 .
. 8 0.0G9 1.000 0.012 - 1.012 0.000 1.000 =
-6 0.445 1.561 0.450 1.569 0.436 1.546 .
7 0.915 2,497 0.922 . 2,516 ' 0.908 2.480
8 1.480 4.393 1.489 4.434 1.478 4.383 .
9 2.315 10.125 2.326 10.236 .+ 2.318 10.160 &




Table 2, Slopes ‘intercepts and observed & cr:.tical F values:.case of person-freg

ability estim~tion by the Rasch nodel :cross li skew levels in ability distribution:
endent variasbles of Rasch ability estimates (RiE's): .(the predictors were the

totsfg in the’ 30-item ECT - suw’ of easy, medium and kard subtest scores): .

{

> EECS—oE— Z ’ S . S == S
© _-estimates for skew | skew skev . skew- obseryead craztica?
o group-1  group-2  group-3  group=l v #1(3,22)
T AN . N ™
- N
intercept -301: '3 .0 .302 - -302 220 L
dum set -~ |, ‘ - (13.6° (6,41)) |
" . slope 54 ¢ SRS | A W19 . 19 18.Q -, 1.5 {73%)
, . . : ot " 2.4 (90%)
) - 3.1 [95%) +
- . e . 2 s 7 402 (99%) .
*:mtercept -3.1 3.2 "',:\.3,1" 3,2 . .5, L. .
ard set : ) , L (33.6% (6,1h))
slope- %10, Y b By .10 »10, 5.7 . ,
s . N ﬁ" PN )

“significant at .05 level

Table 3. Slones intercepts %d observed & critic:1 F vzlues: case of itemefree 2bi
estimation by the ?asch model across 2 easiness levels: 2 dependent varicbles of Rasch
ebility estimates (RE's): (the predictors or X's were the t:otals in the 30-it:em ECT; that
is,~the sum of easy, medium ard’hard. subtests): . .

3

mw: = J-‘f' ~
estimates of mecl;l.uxzx-ézézsinesgt . 1om-eam.ness (hard). " pbserved critical
: item set - iten set F(1,24)
. ! - ﬂ \
intercept : -3.3':‘ P #3. 1 Ul :¢00 %
fpa . T w ] Qo (2,28)
7" slope +18 0o 10 2.1,
‘ \‘ " l' ' e < . ‘ . Oh *
intercept ! .300 - .‘302 , . . J . Y3 Y - ]
51, ' o , ‘ Coi ™7 g4 (759)
‘ Blope fy . 017 . ::,...]:1 ) ) -J.'...é'-'-.. . :.“2‘:? (90%)
- intercept »3.2 Bl 0.02 . 4.3 (958)
Sip-3 i o : o \ (0.1(2,24))" 7,8 (993)
slope A9° ‘.,]:9_ . ' o b -
intercept . ~3.2 ‘3,2 . <00
- -, 0-007( 2‘,2&) i‘
unghélope = 19 g;g , 2.4

Meignificant at .05 level

<1




Teble 2'=3! Slcpes, intercepts znd observed 7 o
item-free zbility estimition by the Rasch model :zcre

ritical F vzlues: case of pPerson- 2

5s L skew levels -znd 2 easiness levels
8 dependent v arizbles of Aasch zbility estimates (R'E's):

- { skeii=l SKEV=? skew=3 ‘. skeu-ly iob served crivical
» o8Umates of) noq. hord med. hord  med, hard men hard __®(7,18) ,
. N ) ‘5 Y Ted vi2
intercept -302 -301 -301 ";301 "302 -301' -302"‘) "3 01' 27‘6 B fanrn
. : S 3 s '(uo.g* (14,3)) 7-} 120)
. Slope A8 11 27 11 a8 a1 a8 .tz 27 taas
i % M Y. 1 L% lagn)

*significant at .05 level




"0 Tible b, Slopes, intércepts nd cbserved & critical F values: cise of personsfree ~25:
-« [ eiciness estimation by the Rasch model; 3 ability levels (in-k sepzrate sets of items). |
- ' - 3 dependent variables . : -

¥

estimate for - ‘low ability ' mediurﬁ ability high ability observwza(d3 )crit-ical~
<‘ - N ) .‘ *,‘ ¢ ~ - F ’1

intercept . <2:3 \ ,'-1.9 | «2,1 Los1.2 .
P : ' '~ N . . (h9.6 (6’2))
= ': Slcpe ,.07 - \ . '.os .05 _ 3526.h ’

intercept . -2.7. 2.2 “2.0 5016.4 T
ke, P : . (59.9 n)* 2.2 (759).
- Slope ’ 007 005 ’ 005’ '3,4»6101

53.6 {90%)
214.0 {955} -

intercept T=2.2 «1.8 ' -1.9 . ] 39085
ew3 . ¢ ’ * (h2'7 ")
ez - Slﬂpe .07 .05 ':-005 3836-h
/intercept ' 2. 1.8 ‘wl.9° _3986.9 )
e, ' - (b7.6 m*
i slope .07 .05 . - .05 3825.9°
e - ’ ‘ . -  4=:=:..

. significant at .05 level

|
f

!

Table & Slopes, intercepts' znd observed # critical F values: case of itemefree

easiness estimation by the Rasch model across li skew values in easiness distribution:
i dependent varizbles ® ‘ . )

imate }:,’.§ g iticel o'
estimate for Setal set=2 set-3 o al) observed , eritic=l 4
’ : ' §.2 (759}
A interce t -203 .2.7 -2.2 .201‘ > 2000 9'
b, 2 | e et i
Oup slope 507 ‘07 007 .‘Wf 3 .5 . ] (4
5
. : . . . ¢ "k - ) /
b intercept -l, 2,2 .8 L8 > 2000
. AR ? =1 (> 2000 u )
8101)9 K ,05 .05 ow 05 7'2
£ ante : 2000
!‘C. t ‘2.1 . ..200 - -1.9 -1.9 ™
righ " : ‘ (> 2000 - )*
rr'oup . . -
810?8 .Os .Os i tw 005 073

.. ’ significant at .05 level
3

t
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Tzble 2' Slopes, inzercezts :nd observed & critic-l ¥ values: case of person-free
gbility estim=ticn by the 2-sch rmod2l -cross b sicew levels in #bility distribation:
L dependent vari-blcs of 2-.seh “silitwyestinites (R°Z's)e (X=X; or X2 according to
whether medium or hard subtest is used; [X; = medium subtest scores; Xp = hard subtest
scores) (inferential test was atthe predicted means of RAE's at the given "X" values)
== S T e T T LRI T S AT e R A TR I L ST T IR AT T T S T, SR R R T e Ty o § 3T e
estim2tes for sicow skeouw skew skew. chsyrved. - eritical
grouwp~l  group=? group-3  group=h r{3,22)
~ interceot -2.70 -2.67 -2.74 =2.71  } 2456.1 (X=2)
edivn set : " 36.2 (X=5)
slcoe .55 .53 .56 +55 429.6 (X=8) 1.5 (75°)
’ : 2.4 (9205}
g 3.1 1955) «
] 7 4.2 (99%)
intercept -2.80 -2.84 -2.79 -2.83 S lO7 (5=2) 8§ ‘
hard set N _ , E > 10, (X=5)§
siope +37 .58 © .57 .58 i > 10 (X=8) §
[+ drotmptond e o LT e —— unboe v - E S biadoronrRedgmagiinds gt pud
&hese inordinately high F's are due to the perfect correlations among the Rasch
estimates of ability (see bottom 1line of-table 6c). ) ’
T-5le 3' Slones, in“erm. iz =i wavaw-ad - celtlc LT wInes: cose of itcaefree snins
estimziion by the i.z3 naiel ~erors 2 ¢-riness levels: 2 dependent vari-plics of 1. soh
:bility estinttes (2 3ts': (X:=‘K1 and are the predictors; X1 = medium subtest scores;
Xy = hard ‘'subtest scores) (inferential tast was at the predicted means of RAE's at the spec
fied "X'" values) : :
=== —= 3 L — P LaL] S P R Ty e . s meie s
esiinztes of nedivs-&ssiness ;,qe%siness (hafd) observed critical
it t iten 5 ’
vhen se itea wet F(1,23) F(1,24)
intercept ~2.66 -2.72 439.5 (x=2)
2 el coefficient-1 .56 - .03 1367.1 (%25)

*- coefficient-2 - .05 .58 1228.1 (X=8) :
intercent -2.57 ~2.76 680.8 (X=2)
coefficient-1 .56 - .03 1834.9 (x=5) ¢ 4 1759)

""coefficient-~2 - .11 ) .59 1641.0 (X=8) 2.9 (908) -
inter : ) 4.3 (9 P

=g inwercept %,69 =2.71 417‘ (X=2) { -50)

fluip=3 coefficient-1 57 - .03 1355.2 (x=5)
coefficient-2 - .05 .58 1230.9 (x=8)

- inlercept ) -2.67 -2.76 " 463.6 (X=2)

Lirtgpelt coefficient~1 K/* .56 ‘- ,03 1409.9 (X=5)
coefficient-2 = .05 .59 1259,2 (X=8)

Q

EMC = = e == I':'z%‘ m—.—:.;.—.

IToxt Provided by ERI
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Table 2"-3". Intercepts, slopes, observed and critical P values: case of person-_gﬁd '
item free ability estimation by the Rasch model across 4 skew levels ‘and 2 easingss levels: .
8 dependent variables of Rasch ability éstimates (RAE's): (X = X; and X3 are the predictors;

X] = medium subtest scores; Xy = hard subtest scores)

(inferential tests were at the pre-

dicted means of RAE's at the specified valuks of "X"): . : }

/ ) _— ‘ ‘
e - — L4 = N r
estimates of skew-1 skew-2 skew-3 skew-4 observed critical

med. hard

med, hard med. hard med. hard

F(7,17) o

intercept

Id

coefficient=-1 +56 =.03

' Coefficient-z -.05 058 -oll 059' -0&05

"2066 -20 72 -2057'-2076-2069 -2071.-2067 "2076
056 "-003‘“ .57 ."'003
05(8 "005 "059

+ 21075 (%2) 1 5 (758)
: 2.1 (90%) -

56 =030 >1076 (R=5) 35 (953} .
3,9 (99%)

. >1078 (x=8)

.
«

.

=

These tests are meaningless since the inordinately high F's are forced by the

the perfect correlations as in the bottom line of table 6¢c among Rasch ability estiﬁates.\\\)




1
- ‘r 1] . l
! . S Q -25-
. ’
. - i . - . .
1

6a)Correlations among the in@gpenéént variables: Xl=medium subtest scores;
X>= hard subtest scores; X=whole test scores: '

5 X, and Xg XL and X X, and X . )

' Pearson f?\‘ .31 '+« 80 .62 .
a‘ — = . = -
Lo N ‘

l

oo : .
6b)Correlatipns between\:;;\aependent and independent variables: Raschyl=Rasch
abilitiesj for medium subtest} Raschy2=Rasch abilities for hard subtest; sl..

.. +S4=skelv-group-1 ... skew~group-4:
?é%gion ‘ X; and Raschy2 | X; and Raschyl ’zg and Raschy2 | X, and Raschy
g \ - zh{ : 2 ’ e S :
sl ¢ .24 T © .99 ~.79)* | .98 (.58)* .25 )
b4 . ‘ .
82 .24 .98 (.76)* 498 (.59)* .17
P . " ’ -
83 ©J24 B l99 (L79)* .98 (.58)* .25
i ‘ ‘ »y ‘ v '
4 - 84 .24 99 (.79)* .98 (.59)* .25 ,
, ,

pgrethetical r's are those between X (whole test scores) and the Rasch
abil?ties' - ‘ —_ ‘

-4

! ) .

Y\ - .
/44\“:‘)%\e~(-'& ; - ) ) " . R
60)Cbrrelati¢n9'among the dependent variables, the Rasch ability estimates, for

‘4 skew leTels and 2 éasiness levels:

-

1
\

Y l skew-group-1 skeW;group—Z skew-group-3 skew-group-4

Ragchyl ' .996 .996 ( 1.0
. .18 .11 ST-I .18
Raschy2 , 1.0 1.0 1.0

R




.

;ze_i

N
T:Z‘)PXLC\&‘ . . . X
. 79porrelaticns among the dependent variables of Rasch, easiness estinfates
abilit T = .
g g;Q;py skew-get-1 -skew+set~2 -8kew~-set=3 skew;eet—q ,
low 1.0 1.0 _ 1.0 "
f .59 .60 .60 .60
. % * % %
me'dium (.08) . 1.0 (.07) l:0§\\(.08) 1.0 (.08)
. - » »
.49 .49 .49 .49
high 1.0 1.0 ,1.0

)

*parenthetical r's are those between the low and the high .ability levels

but within a particular skew-set

4
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