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ABSTRACT

The potential of the Rasch model to develop scores,

on a ratio scale, suitable for interindividual compariso .s, from
intact groups with disparate distribution characteristics was
investigated. The specific problems studied were: (1) the effects of

skewed test score distributions on
measurement model; (2) the effects
parameter of the Rasch measurement
of skewed test score distributions

the ability parameter of the Rasch
of griup size on the ability
model; (3) the interactive effects
and group size on the ability

parameter of the Rasch measurement model; and (4) the effects of skew
and total group size on the standard errors of estimate of item log
- eas;ness estlmatés. The data fér th@ Etudy in the farm Gf item

partlclpated in the FlDflﬂa Stateswlde TEEtlng Pragram in Septémber
1971. The 90-item mathematics test was selected. Thirty-five raw
score distributions characterized by seven levels of skew and five
group sizes were constructed. Group responses were submitted to a
computer program which estimated the model's parameters according to
a maximum likelihood procedure. Results of the study indicated that
the estimates derived from the Rasch measurement model were not
lndependent of the group used to produce them. Differences were
minimal in the middle score range, but large in low and high score
range. Eleven tables present the study data. (AuthQIfDB)
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The Rasch measurement model has been suggested as a method
of developing achievement test norms which dJo:s not depend on the
precision of sampling techniques. Due to the property of measure-
ment objectivity, the raw ability scorts estimated according to
the model have been claimed to be reiativaly free of the group
used to produce them. The potential of the Ras=h model to develop
scores, on a ratio scale, suitable for igteriﬁdividual comparisons,
from intact gréugs with éisparate distrightign characteristics
was investigated.

The specific problems probed by the stuég were:

(1) The effects of skewed test score ﬂistfibuticns on the

ability parameter of the Rasch measurement model

(2) The effects of group size on the ability %aram%tar of
\ | é : %
the Rasgh measurement model. - h

o

fE)XEEE interactiyve effects of skewed test score dist:ibﬁe
ticns*ﬁnd group siza @nkﬁye abi;ity parameter of the Rasch
measﬁréggnt model .

(4) Th2 effacts of skew?égd total group size Gﬁ.the stand-

ard errors of estimate of item log easiness estimates.

F pa§er EIEEEﬂtEd at the Annual Meetsng of the American Educatlcnal
Research Issaclatlcn NFW Orleans, 19?3 :

"i.

N
*Now at the University of Illlna;s Coliege of Medicine, Center for
Educatlanal Develggm%nt o



The data for the %tudy 1h the form of item responses were ' x
randomly selected from lED,DDD :tufent% who participated in the X
Florida State-Wide Testing Pﬁ@gramrin Segtembar 1971. The 90 \

%‘: ‘7.
item mathematics test was selected siQQE it met the criteria \\
A

specified by the model for a well consVructed achievement test \
‘c@ngisting of many items with a range of
This waé necessary tg'minimige standard errégf of estimate of
ability estimates. Thirtymfiéé raw score éi$t£i§uti@ns eharaéﬁ
terized by 7 levels of skew and‘s group sizes wé%i canstructed.

Skew was introduced by manipulating the percentagea w;th;n score

ﬂ
\-’

intervals of a normal distribution of 1200 frequencie%, This
resulted in skews designated as low pDElth& medium Qésitive,
hlgh positive, lc& negative, medium nééative, and high negative,
Gréuﬁ sizes were 1200, 600, 300, 150 and ?SEAGrsup responses
 were subﬁitté&yta a computer program éével@pad by Wright and

N o i . : o
Pan nchapakesan (fﬁjc) which estimated the model's parameters ac-
cording to a maxinum likelihood preocedure.

The raw ability scores generated from the éata of the 35

constructed groups were compared by means of a :enaraleed dis-

tance function,

a=£

where C represents the Rasch score in the criterion group, G is

(€; -~ G3)

the Rasch score in another group, and i is the index of Rasch
score estimates for raw scores 1 to 89. The magnitude of d for

each g@mgarisan was. egpectéﬁ tc reveal aanslstent skew, s;se and

. []{U:‘ ,1nteraetlﬁn effectg




' . L . , -
of skew Wwas the stanﬁgra for the size effect, The g;lterlcn for
% _

the interagtive Efféct @f skew and group size was the group of

1200, normally distributed test scores.

kY

To investigate the effect of group size and skew on the

standagg errors of estimate of thé items, 10 easy and 10 giffi-
cult itéms common to all groups were selected and QémPéIES across
normally dlstrlbuted groups of all sizes for the size éffect

and across the 7 lé?elé of skew in the groups of 1200 for the
skew effect.

Estimation of the size of the distance function for each
comparison reveaied the following:

(1) When the underlying distribution was negatively skewed,
high Raséh scores were dgreater than the criterion scores and low
Rasch gcores were 123% than criterion scores.

(2) When the underlying distribution was positively skewed,
high Rasch scores were less than criterion scores and low Rasch
scores were greater than criterion scores.

(3) Differén:gs bétWééﬁ Rasch ability scores énd criterion
scc;es,increaéed as skgw became ingreasingly more positive or’
négétiﬁei

(4) Differ&ncés between scores generated from negaﬁivEly'

i
e A A i g

rskewed dlStrlbuﬁlDﬂS and the criterion- sce“es were larger than

d;fferences between -scores. generated Eram pﬂsLL;Vély ‘skewed

s

fd;strlbutléns ané Erlt rion sggrgsﬁa““”'"




4=

(5) As a group size decreased, high Rasch ability scores
were greater than criterion scores and low Rasch ability scores
were less than criterion scores.

(6) The size effect was not as pronounced- as tﬁe skew effect.

(7) Standard errors of estimate for easy items increased
when che undeflyiné distribution was neéativ&lylskeweé and de-
creased when the underlying distribution was positively skewed.

(8) Standard errors of estimate for difficult items decreased
when the unﬁérlying distribution was negatively skewed, and in-
creased when the underlying distribution was positively skewed.

Results indicated that the estimates derived from the Rasch

duce them. Differences were minimal in the middle score :aﬁge,
but large in low and high score ranges. Thé need to Ealibrate.
item estimates from suitable groups' was shown by the model, but
a paradox was revealed that incraaséd precision of :alibratian
Df difficult items_was'assgciateﬂ with negatively skewed distri-
butions of total raw scores, but such distributions were less

desirable for good ability estimates.
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VALURE ©F ¢ YIELIDD “Y
BY GRCUP OF 1200 SUSJLETS
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Group Size Average d for
Level of T ettt e - Each Level of
Skew GO0 300 150 75 Skow

Normal 41757 18,2183 23.9050 317888 19,4972
Lew Pesitive ~ 3251 .2,9789 12,6766 18,4172 _ ’3_599,4
Hedium lositive | b, 3417 10,3067 142176 1648260 11,4230
High Positive $7028 3,795) 14,0657 32.614037 12,8009
Low Negative | 1.1839  £,84Yy7 40,3070 .28,9824 - 19,0645
Hediun Negative 13,757? iQ.?TQS 65,1151 lDQ-E??é hg, 8573

High Hegative 36,6965 56,3073 51,7456 167,8923 78,0854

l—-l
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TABLE &
GROUPS RANKED BY MAGNITULE OF DEVIATION
FROH CRITORION® QROUP

Greup Dircction of Differences
Size Skew lLevel Value of d Low Scores High Scores

o
‘j E.

600 Normal, 4.1757 < >C
300 Normal _ 18.2183 <C =0
150  Normal : 23,8060 <C -
75 Low pesitive 30,8570 >C <
75 Normal 31,7888 - <C . 3C
150 Low positive 37,2607 >C <C
300  Low positive 45,4250 >C <C’
600 Low positive 49,3465 >C <C
1200  Lew positive 50,3970 >C : <C -
75 Medium positive " 73.0482 > <0
150  Medium positive 75.7128. >C <C
300  Medium pozitive 79,6656 >C ]
€00  Hedium positive 87.5604 >C <C
75 High pesitive 8749276 >C . <C
1200 Medium poszitive 89,7310 ¢ <C
1200 ‘Low negative 93,0853 <C - >C
" 800  Low negative 94,3236 <C Y
300  Low negative 99, 7444 <C - >C
150 High positive - 106.544) >C C <
800 Righ positive 115,8135 s¢ <C
1200  High positive 120,573 > <C
600  High positive 121,417 L L g
75 Low negative 122,9866 < e
150  Low negative 134.3180 o <C >C
1200 Hedium negative 143,725 <C - »C
600 Medium negative . 158,257y <C : >C
300  MHediu 158, 8999 <Q s
1200 ‘Hipt 201,1395  «<p 5 :
150 Hedium negative 209,7814 £C >¢ S
600 High-negative - 237.4627 < >C :
75 Medium negative 246,786 < >C
- 150 High negative . 252,785 <C - >C .
300 High nepative 257.4353 <C s E
75 ' High negative 367,7806 ©  <c >C - %
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TABLE 6

STANDARD ERRORS OF ESTIMATE OF LOG EASINESS, ESTIMATES
OF EASY ITEMS FOR NORMAL SXEW IN 5 GROUP SIZES

‘ Group Size

Item 1200 600 30 110 7%

1 174 234 ,288 +384
2 +100 o142 204 " .280 . 384
3 " .oay 1132 ,183 268 Y,
W s J34 187 268 +334
5,089 0127 (283,257 | ‘33;!
6 . .088 22 am e
E .085 125 478 . 287 .318
8 1,080, \111 +165 233 .31
g o7 W11 L5 218,290
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G EASINESS LSTINAILS

SXUW IN 5 GROUP SIZES

[y Ry g B R L REMSE R, £ Fi S S £t 1 0 L B ety S i v
A S A S R ra ¥ a7 - By o 87 45 i e i ot < i e 3 ot F R s

T ik R i Ty e ATt A B W . S, e R ki i T S S ] W o T
ltem 19400 680 302 - 18D . 75

2 heiier il e . U e L] B R i w5 =1 S, o, S e, ol T e St el e Nk

1 073 08 160 +222 +326
2 07 | .04 V146 2207 .318
3 075 . 105 140 o h211 +318
4 076 1103 . 146 «207 293
5 S0 .108 168 23y 373
6 077 105 (161 0227 345
7 .0% V115 ,159 1222 .318

g 070 112 . 160 222 .335

W

T 11z 152 + 222 +326

20 CLoen . L129 . 193 1301 J473




TABLE 8

STANDARD ERRORS OF LSTIMATE ﬂ?'LﬁG EASINFSS ESTIVATES
OF EASY ITEMS FOR GRCUP SIZE 1200 IN 7 LIVELS OF SKEW

- Level of Skew

Low

adium

Hiph

" Lewv

. HMedium

Iten o oo . ... . : - riiﬁiéh
Positive Positive Positive Normal Megative Negative WNegative

i i ST . i

10

1100

+087

»085

080

+077
078

,078

© 072

+069

069

. 085
LO7H
079
071
. 069
. 069
1070
066
.063

. 063

072

+066

.072
L 061
062
Rn
-OGL!
+081

061

sk

» 100

20864

000
.089

008

-

[
oy
LA

08B0
+079

,079

«175

4128

104

104

o116

+108

21

J147
.108
,112
.133
.12y

+ 109

;le :

1132

1133

1251
'gl?E
'1120

123

7]

%
i}
1
il
]
H



TABLE 9

ST/NIZRD DRRORS OF LSTIMATZ OF LOG LASINESS ESTIMATES .
- OF DIFFICULT ITEMS FOR GROUP SIZL 1200
- IN 7 LEVELS Ex; KEW
- ' , v

Y e e e —
g e sl et e o Sa " St e

s e e kit o ot e £ et i 2 - P e 3 T ok i . S

7 Level ai‘ ;ku-
~ Low Nedium  High T Low - Hedium . High
Item Positive Pogitiva Pa;it;ve Normal }‘eggt;m Negat;ve Negative

L .075 077,083,078 .089.  .o68 ‘066

[

075 0T 076 WO L0672 .07 4067
3 L0793 .08l 083 .07 | o070 057 o6
4 077 . L078 079 +076 074 .«073 +069°
-5 . 088 +090 «094 077 070 | . 066 .063 | o
6 075 O7H 074 077 077 075 .072 |
7 .08 086 088,078,073 070,066
8 ° .08  .078 081 .07 076,073,087 ;
S .085 007,09 w080 o7 - 074 - 065

10 .098 .099 +097 088 Q79 074 .2 067
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TABLE 10
S

EFFECTS OF SKEW O STANDARD ERRORS OF ESTIMATE

OF EASY AND DIFFICULT ITEMS

legative Skew

Positive Skew

Easy Items

As 5kéw Increases
Standard Errorsg
Increase

A8 Skew Increases

~ Standard Errors

- Degrease

-Difficult Items

As Skew Increazes
Standard EFvrors
Deacrease

As Skew Inereases

Standard Errors
Increase

=



TABLE 11 | | : o

8 OF KW ON %'T‘ﬁ\“ql}i‘fwg LR‘;’JRS OF TSTIMATE OF o
EASY ANL ID ON RASCH - . . -

N

Hegative Skew Pogitiva Skaw j
Easy It tens ' As Skew Incveasasi As Skew Increasest
Standard Eryovs . Siandard Errors
Inereasze; and. Low Decrease; and Lew
Seeres Decraass, Seores Increase,
High Scores ‘ High Scores
Increase Decrease
— ) — I 62} I
Difficult Items L Skew Increases: | As Skew Increases:
Ei‘:%}.ﬁ"zd;ré Ervans Standard Errcrs
Decrease; and Low . Increase) and Low
Scores Decroasu, 1 Scores Inc'.:rg_,asa,
High Scores . High Scores
Increasze ‘ Decreasa
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