.

This paper considers (1) the regquirezeats imposed on
data in order tc coafcrp to the 2asch model, (2) soxe corron soarces
of departure from tke model, 2338 (3) a procedure for recoganizing the
occurrence of these disturbaaces. Thke specific éi%zbb&znces' gdiscossed
are guessing, practice, speededress, 2ad bias. The © ryed
characteristic curve for each sitmation is corpared with zhe trae
logistic ogive and with the itex characteristic curve that thke Rasch
estization proceduze wmould £it to soch dajd. 1 coavenient,
interpertable forz of residual betweexn deil and data is suggested.
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o be dominated by a sihgle person parameter and & single-

-populas be

urement neant to

———- .

¥Wpen Georg 2asch thought about what m=as

3 - 1 -
+ion that in order to cobtain scme-

+0 call a measurement,

him, he arrived at the posi

thing he was willing the sitvation

+hematical expression:

parameter. Thisllead him to the

math
5 -z
,v" :

(1) " probix

wh:ch

Contrary

and the corresponding picture (solid line 3

describes apy possible person-ited anteraction. €0

lief, this expression does not define a religious
in ex-

lead to objective measurement

-

+ can, however,

*

cult.

26r some reacsonable if sometimes elusive reguirements

-

change

on the situation. .

These reguirements are:

(2) For a given item, an abl;\?erson is always more likely

to be right than an unable person.s \\\*Q
(b) A given person is always more likely <O answé;:gg\éagy

item correctly than a difficult one.

7his approach to measurement is unique because it is not ,

’

the result of trying to describe whatever observdtions happen

to ook 1ike but rather’of deciding what they need to look like

to be worthy of the name *measurements.” The extent to whicg

Rasch's model can be used to describé the real world has to be

"gut it is easy to think of cases

which do not fit with the model and to understand why they

S

investigated expirically.

‘1
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shouid not be talled measurements.

~

examples., .
. A. Rancdom Guessing (Carelessress)

. The model édoes not allow for

: 7
bappéns, the characteristic curve

.

.
Eere are geveral well knocwm

\ ]

- »
.

I . .- )
ranéff guessing. When thas

(¥

gure 1a) does not approach

to zero as the item becomes impossably difficult. A person

of lower ability Z; has as good a
answer as cgoes a person of higher
The same sort of disturbance

1f very able persons are careless

~ L 4 .

chance of guessing the correct
abilaty Z:z.
cculd occur in the upper tail

- -~

when answering very easy items.

Huessaing apd.cprelessness will lead us to underestimate the
. a v

’ Y Po. ) aiaz
iten's difficulty if persons oF low ability were the

I

calibrating sample and to overestimate its difficulty if persons

of high ability are used.

. N
- i.g ———= - -
Figure 1la - 1.
Guessing & : .
Carelessness | e
‘ R
6.0
B; 32
w ’
O -

i

-
-t

.
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3. SPEED (PEACTICE)

If pecple reguire ‘several items to warp up before thew

can opsrate at true a2bility, tke first iew’%agh\xm tbe instru-

-

Tent WIII Be infivenced by lack -of practice. 2analogously, if .
people do pot finish, the last few it#ms will be influenced ]

' by lack of speed. 1IZ tfue abildity is #grelateﬁ t0 practice or
. RS -

speed eIfects, then items affecsﬁg by practice or speed will
i o s - : Yoy =
seem more cirfficult and less steep than they are. (?lbzf%:?§3Y

Their outcomes will be influencded by their positions on the

- _ipstrument. If ability is low erBugh, there 15 very little .

chance of success regardless of the item's position. But for

.
*

more able pecple, the likelihood of success is a function of

( (8-3) as it skould.be but also the item's position, cembined with

how much the person is affected by the position. In the case of

practice, afiter the person has answered a few items, he should

. -

be warmed up and able-to perform at his true ability. Anal-

I3

ogously, for speeded tests, a person’s’ likelihood of success
. Y ) -

on the last itess depends on his probability.of succes$ if he

] attempts the item and fjis pzbbability of attemptiﬁg }é. These ¢

b . 4
extraneous influences will lessen the item's power to discrim-
. igéfe on the true'agflity continuum.
' Lo '

N\ .

1.0 ... . - - !

. ’ M -

i .
. Pigure 2a ! - ‘ : v ,
. Practice and . . f )
Speed . . )
000 . 8_6
Q ' . o ‘. ..

ERIC -

i ) i e -
d - o - . - [
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*C. Bias

pes concern for *inding items t are fair

ticns #tcm wnlch\ye maght wish to measure

: IThere is
toward all suLtpor
people. Ore way in which biased 1~ems might be exoecten to

operate is, if an item is fair for population 2, then the item
4  a s . M
characteristic curve is of the uspal form. Zowever, If the item

involves skills or content or,ﬁehavioi’heyonﬁ the ability of

interest, and these skills are harder for a person in population
FRNNS
& to acguire than they are for persons in population A, then the

4
jtem is biased@ in favor of A. The characteristic curve (Figure 5

.3;)-for the item with people from B will be to the left and less
steep thin the characteristic curve Eor~pecplg_from aA. 1It is
. : . ¢

iess steeg:becquse the probzbility of succeeding on the items - .
depénds on the probability of having acguired the other behaviors’
as wgil as on the position on the ability continuum. For a
particmlar item this shape is the same as that for prac£ice 6r

speed. (In fact, practice and speed can be considered special

4

cases of bias.) //‘

II Cbmoutatzon.o; 2251duals

' f “The way to determine if these dlsturbances are present or 3

if it is reasonable to use the model as pur explanafion for a

particular situation is to compare the observed outeome with the

. predicted outcome. - ) : - .




vt? ~ol = Fa & ~ 2
*“nen the model does account for the outccome ana ?vi is Jnoyn,

+he mean and variance of x . are

wi ..

var(x ,) = p,  {1-2.)

L

PR -

This residual 1s the difference between the observed ICC and

the predicted ICC inm the relative ireghency metric, represented

by vertical distances on the plots.

Often 1t is useful to transiorm to a standard statistic

by subtracting its expectation and dividing by its standard

deviation:

{4) =z .. =
vi =
1[?vi(l-Pvi)

-

-

which facilitates decisions about the statistical significance

3
f the residual.

O
vt

We could also look at the difference between th#curves

in tpe horizontal direction.

H
4n %bility units (or logits).

!

The residual in. this direction is

4 .

1

e the derivative of (Bv-éi) with'respect to Pv' can be

t - .

ed as the change in scale from the frequency metric to the®

ility metric, this can be approximatedwfrom Xvi’Pvi by

) Y)Y = %3/ {Py,;43By37) .

ith expectation .zero and variance one over P times (1-P) 1
\K6) E(Y”i) = 0.0 . -

\ var(y,;) = 1'0/(Pvi(l'P?i)) = 1.0/w; .

e

L

PR TS NP T Y
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-

" "6- i ‘
.. e -
¥any of the disturbances discussed above have simple relation-

-

ships to y . which can be conveniently anzlyzed through weighted _ .

e

?'least square% using w,, = Pvl(l’yvi) as the weight.

IiiI. Patterns of Residuals

2. True Diffictlties and Abilities are Known

Assuning the true par ters are known, the differences

between the model and observed characteristic curves can be .
, .
easily represented in terms of the residuals. According to the

model, the residuals plotted against (Sv-éi).should £all along

a horizontal line through the origin. Disturbances will appear
. \ : }
..as departures frqgm this horizontal lige.

B For guessing, the residuals (Pigure 1b) follow the hori-

-

. zontal line until the guessing'becomes important, Then the
.residuals are positive since the person is doing better than

expected and in that region have a negative trend. For care- 3

lessness, the residuals are negative when (Bv-éi)-is large and

the slope is again_negative.

]

. - uessin .
F:Lgure 1b . g . £ y\’l ‘ PR

Residuals for g ) V. .
Gues§ing/Carelessness

B I

&
H
.0
Yot
o
]
0
3
B
0

CRRTOW PPNy
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1f either practice'oz speed is involved, the items which

4

are affected display negative resiguals (Pigure 2b) with a

.

. negative trend line over the entire range of ability. f%;s'

must be true since the probability of success if practice or

"speed is important is less’'than it should be and the curves .

become further apart as ability increases. The residual

- ’ -

pattern for items biased against a subpopulation is the same

- ~
~shape. The two s!!zations can be distinguished easily since (/

for practice/speed the departures can be organized by item

.

sequenbe number and fbr Bias, by iype of §efsbn;“‘ T

v . ~

’ ) . e - ' i Yvi ;
.. . - - &
- “Pigure .2b " ‘

.

, Residuais~For One Item

L ST - B )

with Practice, Speed =~ . . . ‘ -

or Bias

w

-,

B. Parameters are not Known : : JRa——

o Tée preceding discussion was greatly simplifieg\py.;he
assumptiéﬂ that the parameters were known. }n\pra?ti?é they
are not and any disturﬁances of the sort we héve been considér-

ing affect our estiﬁateé of the éarame;ers. Therefbre, the item's

—

.
.
.
s,
T T T T MY
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tne distor'ted ones.

A4

If random guessrng is a problem For some ltems, (Flgure ic)

e observed dlscrlmlnatlng Dower for the dVefage ICC will seem

to be lowered bedause of the attempt to fit a slmple ioglstlc

)

.curve o the 'guessed upon items. Depending on how the person _

abilities are distributed we would probably observe misfit over

v . - . . .
‘the entire range because of the digtortion caused by -guessing.

In terms of  residuals, we would again observe a pattern

’

polynomial in (b,~d;}.

it would have a -positive quadratic coeff1c1ent.-

If the problem were carelessness instead, the pol

would appear concave. downward and so have a'negetlve.qquratic

coefficient.

both guessing and carelessness were active.

Guessing

Fighre'ld

-..,..._,,,‘ - . :,)
Residuals For ) e e
.Guessing/Carelessness '

\‘\ R 4 .
+ (Figure 1d) which might'be approximated by a second order

Becapse the curvé is concave upward,

ynomial,

A third order polynomial would be required if -

P

v

b-d .

T T AT 7




] p .
e — , .

- e

. ) -Qa >, R . . A

underestimated the difficulty of some items. .The people were .

¥

The drsturbances in the central region, where heither' 3
- il ° - . . ) .
ghessing nor carelessness are'thought'to be operating, are due

»
.

'to the misinformation about abllltx and difficulty from the
7‘act10ns of guessing and carelessness. _The.reason significant
[ ..

.negatlve res1duals.Q%;:jrw1th negative values of va-di)is

"because we have overestimated the ability of some persons and

overestima d because they successfullf’guessed some items and

the items yere underestimated because some people successfhliy

~

: ! . .o
guessed on them. When.ye are operating under the assumption

that the people are that able and the items are that easy, we

]

are.falsely alarmed by some missed items.

v

Practice and speed, wHeh present, become an tnwanted part

L1

n

- . o » - :
of the "variable" that we observe. Practiced people score higher

A

than unpracticed people of .the same ab;lity.by doing Wwell ‘on

»

early items. Fast pecple gnswersthe last items and so score

higher than slow péople 6f the same ability. These'phenomona

-

‘.l

would give the 1tems affected the appearance’of high dlscrlmlnatlcn

-

which shows up ds a pOsltlve trend in the reslduals wlth respect

to (b -d.). But this apparent discriminatiqn is with Yespect

—
g 4

to the "varlable" that 1ncludes practlce and speed effects, nhot

e
i

the’ varlable that we set out to measure. .

-~ \ . . Iy

. Bigsed items could produce apparent high discriminations
R .

in a similar'way. Persons in the favored group would tend to

Y4

score high onﬁthe'entire instrument but particulariy on the most

~

I P

e
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»

~10-
unfair items These 1tems would appear to have high dlsor%mlna- ;

tions but the 1nflat10n,rn their- dlscrlmlnatlons would be due to
‘ .
thei;‘power to distinguish between the favored and unfavored o

groups rather than between more able and less able persons.
(Figures 3c and 4) . ‘

B If we instead plot the.residuals for persons again t b-d,
we us}ally find that the residual have negatiwe trend for per-
sons_ from the—unfavered group and p?sltlve trends for persons 1n

the favored group. (Figure 3e) "This is because for the un-

_favored group, the items are "measurlng two variables and so
have relatlvely léss 1nformatlon abott tke varlable that 1s of

interest to us. This means' that even if all items are thalr,

T v

the presgnce cf a general:biasrshould be indicated by a decrease '

-

1n item discrlmlnatlng power. : .

It must be kept in mlnd‘that When deallng w1th departures

s

from the Rasch mode@, we have” not achlewfd sampleﬁfree callbratlon.

_The patterns in the re51dual~plots depend very much on who, was

-

.1n the callbratlon,sample. The appe&rance of thesa effects ﬁlll

. 0

‘\' . . :
depend on the relative numbers %f’tatr'versus unfalr /items and
favored vdrsus unfavored, persons.’ ' . J?

. ’ - ',,,\z.[. )

Conclu510n ‘ . ,
I began ‘this diseussion. by asklng what sorts of th\/gs_would
. cause data not to fit the Rasch model. After listing a feWw com-

‘ _mon dlsturbances, I discussed the stralghtforward approach that

K Prof Wright and I have been using to dlscover if any of these

. 4 h ] ¢ . . [ S
. . . =
.

(Y
PR

’
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disturbances afe presént. While our approach incorporates the
use of well known leaét sguares techniques, much work remains
to be done before the properties of these techyigues are well
understood in our application.

211 of the disturbances considered represent some form of
multidimensiomality; they would violate any model that assumes
ﬁnidimensionality. Since the effect of the disturbances ofte;
apgears‘as'a change in the slope of tbe-ICC,any’modei which

) ’ . . .
inclﬁes item discramination as a paramete’.ld appear to
fit such data. Thus we would be in £he unfortunate situation
of accepting data which violate the modél[s assymptions but

pass the tests of f£it.

o

By-fitting such a general model, we would not only have
lost the desireable measurement properties of the Rasch model,
but we would have élso‘%dslead ourselves about.the true nature
of the variable that wé were seeking.’ Whén we understand a*
process well enough éo csntrol its multidimensionality, we have

no need for any additional parametérs.' Dntil then, I do not

think we carn ,afford.thenm.

-
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