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The Rasch Model has been used in a variety of Situations for item analySis/
' equating purposes. The model has been shown to be appropriate for such
,_\different types of tests as achievement tests in. reading, mathematMSs and e

other content areas: diagnostic tests of school-related content ar

criterion-referenced reading tests; intelligence or/éptitude tests;
writing ‘tests (Rentz'and Rentz, 1978). Since the appeal of the Rasch Model
| ~is largely due to its characteristics of “item-free"-person measurement and
"person-free" item measurement, and to its efficient means of handling such
: major test development Phases as equating and scaling, it appears that the
Rasch Model w1ll be used more and more as a test development and’ test
anaIYSis model . ' ' -‘ | © o | .
The use of the model for equating purposes requires that the items
used for equating "f£it" the model. Although the model appears to be |
robust enough to tolerate some degree of departure frcm its assumptions N
' (Rentz and Ridenour,’ 1978) it would be helpful to know beforehand which
types of items best fit the assumptions of the model. We know about the -
item characteristics that’generally cause a lack of.fit;to'the model.'
. Ttems with extreme discrimination values generally appear as non;fitting
-items, for'example. When item discrimination valués are known this informa-.
'fition can help the test developer choose appropriate items-for equating purposes.
. Items that for one reason ‘or another lead to guessing on the part of ’
examinees also tend not to fit the Rasch Model. This w111 often be the case
for very difficult items on an\achievement test that measure concepts that have

not yet been taught to the examinees. Items that are confusing, ambiguous,

or have more- than one correct answer also tend not to fit the model.

«
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Achlevement test 1tems may tend not to f1t -the model if 1nstructlon
in certaln areas has not been contlnuous and/or if the sample of examlnees .
analyzed has not been exposed to partlcular lnstructlon. Achlevement tests
are bullt from.an analysis of textbooks -and currlculum guldes and assume a

-

certaln contlnulty and progresslon in® lnstructlon. Slnce thls continuity

,may not always reflect actual classroom instruct;on, “items measurlng

content that is not cons;stently taught may show up as non-f1tt1ng.

Another major reason that ‘Some items show up as non-flttlng is that
they measure a dlfferent Sklll or content area than th rest of the items.
in the test. A maJor assumption. of the Rasch Model is that the items being -
analyzed measure a unldimen51onal tralt According to Rentz and Rentz (1978),
"There are no separate adequate tests of the unldlmens1ona11ty assumptlon
Wthh are really adequate. . . There is no clear definition of unldlmen31onallty

when you go beyond the mathematlcal deflnitlon " This does not mean, however,

‘that test developers ‘have no crzter:a to review in order to evaluate the

unldlmen51ona11ty of ¥ set of items. Rather, Rentz and Rentz (1578) recommend

that the tighter the definition of content, the easier the 'items, and the more

. care taken in wr1t1ng the items, the better the chances are of meetlng the

unldlmen51ona11ty assumpt;on. Rentz and Retnz go on to say that "prior’ notronz‘\\

of likely fit would contrlbute to eff1c1ency in using Rasch Model methodology."
Althoucgh’ test developers using Rasch Model methods may have to lnclude

non-flttlng 1tems or items 1n a set that appear to measure ‘more than one

trait due to considerations of currlculum coverage, it would be useful for

‘test developers to know in advance which types of 1tems may not be ideal for

‘equating burposes.
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- In th:.s study, non-f:.tt::.ng 1tems from a var:Lety of sources were

/revz.ewed ‘and analyzed. Non—f:.tt:.ng 1tems w1th.1n tests and across test "
fom and levels were exam:.ned to see :Lf X cons:.stenc:.es in 1tem content

or format were apparent. Could any general:.zat::.ons be .made about types NN

'of test 1tems that were lz_kely not 'to fit the Rasch Model?

-

. METHOD

Y. . . >

Ite;ms from all levels, form$, and subtests of the follow.mg tests were .

analyzed by using Wr:Lght's Mesamax program that generates var:.ous Rasch

A

stat:.st:.cg

. Stanford Early 'School Achlevement Test (SESAT) r 1969 ed:.ﬁon
- o Sta.nford Achievement Test (SAT), 1973 edition g ‘
' L " ‘Stanford Test of Academic_Skiils (TASK), 1973 edition -- .- -
Stanford: *Diagnostic Reading Test (SDRT), 1976 edition R
Stanford- D:Lagnost:.c Mathemat:.cs Test (SDMT) ’ 1976 ed:.t::.on -

SESAT, SAT, and TASK are achievement tests that cover a grade range of
® . R ‘. X :
{ K‘Lndergarten through twelfth g;rade in a varlety of content areas, SDRI’ L
and _SDMT are d:.agnost::.c tests that cover a range of f:L:;st -grade through
/“ cOnnuumty college. . C . - - ) : -
Item response data from large samples of students takz.ng these tests ‘ ’
3,

were used In general,t these data were taken from sta.ndardlzat::.on or other e

large-scale research pr%rams.

’The méan sguare f:L- (MSF) stat::.st::.c, ax fit stat::.st::.c, was used to
identify non~fitting 1tems Th:.s statistic is arr:.ved at by determ.uung the -
expected proportion of examnees at each at;lllty level who should correctly
answer an 1t£ accord:.ng to the model and compar.mg that with actual

- proportions.: The MSFs for sample sizes over 1500 were then adjusted

(Adjn’sted MSF = MSF x 1500)because th:.s stat::.st::.c tends to inflate as sample
& N g
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.size‘increases (Rentr-and Ridenour, 1978). “In addltlon, thrs adjustment
"facrlitates ccmparlsons over drfferent samples and anaiyses.” Items ‘with

®
;”adjusted MSF's (AMSR) greater than two were’then classrfied.as non-frttlggca
4 : . o v s .

et if‘ _for the purposes of -thig study e ? 5 a
- - ‘ .- > .' ~ns N
The 1tems in these tests were - often analyzed rn-several ways. For

. )

4

.w-example, Readrng Ccmprehensron 1tems were analyhed as part of an 1nd1v1dual
’_jsubtest, Readrng Comprhensron, and as part.of a larger total, a Readrng
aggregate. To facrlrtate ccmparrsons, most analyses descrlbed here are
;subtest analyses. (@n exceptron 1s the SAT Mathematjics tests.. Sane 1tems
. Aﬂrnvthe three SAT ﬂathematrcs subtests were only analyzed as part of a larger :
daggregate, Total Mathematrcs, thrs aggregate analysrs wrll be reported here. |
. Y Non-frttrng items were then reviewed as a group and in relatlon to
...frtting items for possrble consrstencres in 1tem format, content, and/or
sklll berng tested. Although all subtests were analyZed in thrs way, only
‘subtests where clear patterns emerged wrthrn tests or across test forns

and/or levels are presented here.
N\

: In general, high percentages of items in all tests analyzed fit the
o -_; . ')

Rasch Model, usrng a MSF or AMSF less than two as a criterion for fit

RESULTS AND DISCUSSION

L}

j.-(see Tables l through 6L . _ ) ; T ‘ %
| In most cases, individual items appe;red to be nonéfitting for . <
rndlvidual reasons. For example, a Readlng cqmprehenslon item’ appeared not
i tb frt because 1t required some math ccmputatron to arrrve at the answer:;
’;a Llstenrng Comprehensron item appeared not to fit because correctly answerrng
.-thrs item seemed to depend more on looklng at the acccmpaﬁyrng prcture thard
on lrstenrng to the passage that was dlctatedr In cases such as these, the
. 6 - | .




non-f:.tt:.ng 1tems rat‘ner clearly stood out as be::ng d:.fferent :Ln some

by

&-Y
dzst:.nct way from moSt of the fitting items.

- : ! W

e However, in ‘scme cases, spec:.flc 1tem types tended not to f:Lt,

regardless of test form, level, or pre of te'st ( i. e., ach:.evement or
v -

_d:.agnost:.c) . The consfstenc:.es found :Ln several major content areas

- will be presented

z Y of spell:u;g Atems to the Rasch Model was generally very good

-y,

The a.na.lﬁysls of the Spell:z.ng subtest of SAT showed percentages of f:LttJ.ng items
ra.nglng from 83% to 100% for Pr:.mary IIT through Advanced levels, Forms A and B
(se’e Tables 2 a.nd 3). The Prz.ma.ry T level of’ the test, however, has a '. o

dlfferent fornat for Spell:Lng than the Prlmary III through Advanced levels, .

¢

and, at this level, the \]percentage of f:.tt:.ng 1tems was lower. On Pr;,mary IT

Form A, 67 4% of the :Ltems f:Lt, and on. Form B, 74 4% of the items f:Lt. ¢

~

A CIoser examnat::.on of the format showed the follow:.ng._ _Pr:.mary II

»

Spelln.ng 1tems appear :Ln th:Ls format

‘.- T _,'R W}{'DK " LI ._.
A lat o i _ _.-__

Students must 1dent::.fy whether the glven word is spelled r:Lght or wrong,

~

’,chooseDK:Lfthey dontknow.' "'- S . .

Primary III through «_'Advanced Spelling items" appear ih this format:
) . - A . .ot \ .

- limit B frightin . - o A
- - generation. - comment |~ '

7.

Students must choose the one mcorrectly spelled ‘word from four dJ.fferent words.
At the Prlmary II level, it appear that two d:.st:.nct skills may Be be:Lng°
. measured, depend:.ng on whether7he st:.mulus word is spelled correctly or

4

\‘ .
N :anorrectIy. Elghty-m.ne percent of the’ non-f:Ltt:Lng items were words, presented _

o .- o 7




as incorrect _spellings, the fJ.ttJ.ng 1tems tended to be those that were
oorreotly spelled. One mght thothesJ.ze that a. Sk:.ll closer to. word
recogn:.t:.on was beJ.ng measured by the - correctly spelled words, while

o the 1ncorrect1y spelled words at tlus level requ:.re a skill that more
closely approx:.mates tHat sk:.‘ll requ:.red by the upper levels of the test.
Perhaps spelhng skills are not taught at th:.s level to the extent that
word recognition readlng sk:.lls are taught. Coee ;_' |

« E

A -x analysis, of the . f1tt1ng a.nd non—f:.tt:.ng 1tems at th:.s level

R 4

> “r

- shows clearly that the relat:.onsh:.p -between 1tem ‘-ype a.nd fJ.t to the model h

r .‘.

was a 'strong . o ’
T * T
' RN

3 Prlmazy 1T Spell:.ng, Form.A - \

Correctly spelled words ) {%‘t ) Nog:—?z.t

] S .
Incorrectly sPelled words . ° I 14 .
. ) - . . z . . . .
e S “A = 1.8 (p< .001)

' Primary II Spelling, Form B

. - . . Fit _Non-Fit '
... ~'Corxrectly spelled words 18 2
" Incorrectly spelled words | 13 10

I ' \

.
X = 6.08 (p< .05)

-~ . -

| Read:.ng Co_mpghension
The fit of reading items to the model v;as also generally good. 'I'he

analys:Ls of the ReadJ.ng Comprehens:.on subtest of SAT showed percentages of
f:LttJ.ng items ra.ng:.ng from - 81 4% to 97.3% for Prmary I through Advanced.,

v Forms A and B, 97% to 99% for TASK .I a.nd II Forms A and B, and 68.7% to

91 7% for SDRT, Red through Blue: levels, Forms & and B (see Tables 2 through 5).

| \.“ . J . ’- )
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Of the-relat;vely few non-fittihg 1tems, more appear to measure

s S:" 1nferentaal compihens1on than literal. comprehenslon. (Items measuring

°{ global, 1mp11c1t, contextual and 1r‘erential meanings according to .

4

) .publlshed 1tem objectrves,xare classified as inferential items'for the

a - -

purposes of this study. items measurlng explicit or llteral meanlngs are
'ClaSSlfled here as llteral items.) Thls is prohably due to the fact that
'“lnferentlal items 1nv1te more gues‘hng than llteral 1tems and that |
inferential 1tems may have more of a tendency to be amblguous than llteral
”1tems ‘ -
Although.x-analyses showed no- significant. relationships, in every
vcase but one (SDRI Blue, Form A) ‘the percentage of fitting llteral
comprehenslon items is greater than the percentage of f1tt1ng 1nferent1al ditems.
(see Table 7). w'
Mathematlcs . S ~ _ | co .
,4~ The fit of Mathematics items to the Rasch ‘Model was very hlgh for SAT,
all levels, Forms A and B. Percentages of f1tt1ng items ranged from
93.8% to 100% for SAT Primary I through Advanced levels, Forms A and B (see
Tables 2 and 3). SESAT I Mathemat;cs had 71.4s% f1tt1ng items, and SESAT Iz
-Mathematics had 83. 6% flttlng items . (see Table 1). TASK I and II, Forms A and ”—f\\g;
" B, had percentages of items that fit- ranglng from 79% to 94% (see Table 4).\- d '

SDMT had percentages of f1tt1ng 1tems ranglng from 85% to lOO% for all levels

A

..and forms (see Table 6). -

Consrstenc1es among non—flttlng 1tems were -not easy td find. On.the
) SESAT I Mathematics test, three of the four non—flttlng 1tems were dlo:ated
‘ word-problems that requlred computataon. Eattlng 1tems tested a v&gzety of‘math
concepts but, only one requlred computation..- Thls is a fazrly clear example . ~',

of 1tems that don t f1t because they measure a dlfferent Sklll or because o

N : . - -

o o _ _— o R ' ‘E)} s | EREE n'
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they measure something that hasn't been taught yet. - ,_,f"
'One‘consistency noted on several levels and- forms of the tests studled

1nvolved 1tems requiring knowledge of the metrlc system. Each of forms A and B
of ' SDMT levels Green, Brown and Blme contain three 1tems that requlre knowledge
of the metric system. Although the total number of metric- 1tems is small,
61s (ll) of the 18 metrlc 1tems did not fit the model Thls can be compared
with the generally high percentages of f1tt1ng SDMT items overall (see Table 6).
On TASK, the one item per form and level requlrlng knowledge of the metrlc
system did not f1t the model, although hlgh percentages-’ of all mathegatlcs
1tems do fit the model at this’ level.(see73He.4) ‘Metric items were generally
‘not tested on SAT Mathemat;cs tests. . |

Thls flndlng is again llkely due to the fact that at the trme these 1tem
response data were collected (Early to mld 1970 s) the metric s;stem was n6t
systematlcally taught and the sample tested had not been unlformly exposed to
lnstructlon in th1s area. - It would be interesting o see if recent 1tem

response data on metrlc items still shows ' this pattern.

Letters .and sOunds

On this readlng subtest of SESAT I, 75% of the 1tems £it the model : .

(see Table l). On. SESAT II, 78% of the 1tems f1t (see Table l).

Several consistencies in item cdntent for non-fltting items were noted.

L

For example, items testlng recognltlon of the letters "p" and "d" dld not fit

' when elther level of the test was analyzed In add1t1on, 1tems testlng the

sound of the letter "h" did not fit the model for either analysls. Ok SESAT 1T,

‘ Jz
: a'fx analysls showed there to be a slgnlflcant relat;onsth between fit and

. type of initial sound tested (blend/lnltlal letter). Since blends are most

often taught after 1n1t1al letters, test 1tems measurlng blends may lead to



more guessing on the part of examinees.

-

- .SESAT II, Sounds and Letters

L Fit Non-Fit * ° L

Blends . 4 | G B
Non-blends 15 3

'“AL= 6.54 (p .05 .

Thls study 1nd1cates that, 1n general, "prior notlons of llkely £it"

do” not 1nclude speclflc types of 1tem content and/or format- varied types of : .

. S . : . s

content and 1tem types do fit the. model well.- _ f _ ‘ .

However, the study does relnforce the 1dea that 1tems measurlng :

knowledge of ecific content may not f1t the Rasch Model 1f the 1tem content
EEL______

is. not always taught (e g., metrlc 1tems) or does not follow a regular pattern

of lnstructlon at partlcular grades and tlmes of year (e g., spelllng skllls

P

~
at second grade level, sounds of blends at flrst grade level) o .

An analysls such as thls can offer ‘scme lnsrght lnto the skllls belng

st R >

tested at varlous levels (e. g. word readlng vs, spelllng skills at lower

n Co
grade levels) and 1nto the dlfferences between varlous types of 1tems J_,it

" (e. g. llteral and lnferentlal comprehensron 1tems) It seems however, that
lzndrvzdual test developers would do best to use. thelr own Judgment as to what‘

;.typef of items should be tested together.' If the 1tems are szmllar to the

-{‘,.. ‘ D
vast maJorlty of 1tems analyze&‘here, they Wlli f1t the model regardless of .
,?- , . ;

. -'.3# . N e
spec1f1c 1tem content or format _g;- : AR -;?
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Table 1. Percentage of SESAT I and IT items that fit the Rasch Model .

A

1 . ’ : e - ! B o ) . . _. .
* Subtest A . sEsaT T SESAT IT ;-

. L4

. Envirorment - . B 78.6 . . . 79.5 "
. . /'

fe, . - . .

Mathema;i;s B f."A :" 7184 L ‘1  -éﬁbs"' 
Aural Comprehengion‘_' J' . ) f75.o_ ' i. s 7?;5" ;

lfi;fLetéers and'Soﬁpds .. ;: ;“.n A78:6 o o N 18f0 41

Word :Reading ’A - -_'~  : | _' -82.8 -

. 'Sentence Reading .: .13 . ' “;-; e - _ L 64.1
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Table 2. Peicentage of'éAT 73 Form A items that fit the Rasch Model

a .

Subtest  Primary I Primary IT Primary III Int. I Int. II Advanced

Vocabylary  78.4 81.1 88.9 94.0 . 96.6. 90.0

Read. Comp.  93.1 91.4 ez a7 90.1 - 91.9

WbrdﬂStudy' . . _ | _ ‘

| skills 85.0  90.8 8.1 98.2  96.0 -

Total Math 53,5 97.0 : 97.9 - 982 99.2 09.2
Spelling . -- . 7.4 - oi.s | ' 100.0 ©96.7  93.3
language . - - | 89.1  98.7  98.8 . 93.7

Soc. Sei. -- 260, 90.9 " 96.7  94.4 - 98.3

Selemce . -- . " 89 952 . 917 95.0" 98.3

Listening 0.8 ss.0 oso 98.0 - ,96.61- -




Table 3. Percentage of SAT '73 Form B items that fit the Rasch Model

‘Subéest t‘ﬁ;imary I  Primary IT Primary IIT Int. I Igt.'iI- Advanced
vocab§1a£§ . 541 a1 822~ 9.0  94.0 86.0
Read. cémp.. 95.4  o92.5 8l.4 - 889 887 o7.3
'Wo.rd Study S L o T
Skills - 80.0 ;790.8 . 836 94.4 94.0° -
Total Math %6.9 979 ': 5.8 _igd.of’-”?gg;Q_. ;f'ééﬁé:7
Spelling ©  m- L 78.4°. | 830 98.0  95.0 - 96.7
Laquagé . o ;-;.. R f94;9 '.' éslo-_" 91.1
Soc. Sei. = -= . .85 - g6 -95.o,;f- 92.6 éogo
Science -- L 92.6 83.3 91.7 98.3 ' 8’3
Listening 92'3, 90.0 ' 90.0 | 92.0  98.0 . -
{ '
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-

Percentige of TASK '73 items that fit the“Rasch Model -

‘ Level
‘/Tasx I 4 TASK II
Form A Form B Form 2 Form B
¢ 93.6 98.7 94.9 87.3
~ 98.6 97.1 - 98.6 82.6
91.7 . 85.4 . 93.8 ©79.2
R TS
S ‘
4\%:“ .
- 'S
- g

15



Table 5. Percentage of SDRT '76 items that do not fit the Rasch Model
.,  Level
Red. - ' | éreen - Brown . Blue
Subtest FormA Form B Form A° Form B Form A . Form B T _Form Aszc. ™
Auditory - ' : . , ' o
.Vocab. ' 69.5  77.8  62.5 82.5 . 77.5° . 72,5 . -
mditory . U T
Discrim. 65.0  '75.0 63.9  88.9 - -— == '
: Phonetic .. N S ) g , ' C \
PN * Analysis 62.5 72.5 . 72.2 77.8 " '77.8. 66.7- 90.0
' Structural - T . - : ) |
Analysis -< - -- " 817N 90.0  <87.0 - 77.8 91.7.
Word . . ) - - . ' '
_ ‘Meaning -- ' @ -- - = -— e T 100.0
. © Word parts —- _ - - . - - == 83.3 |
Read. Comp.68.7  68.7: 70.0 -~  78.3 91.7 . 78.3 ".90.0
Word . _ R :
Reading 81.0 88.1 -- - o -, - -
Scan./Skim.-- - - . - “e= ’ - 97.0

16
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) Table 6. ' Percentage of SDMT '76 items that .fit the Rasch” Model
= Level
Red Greer; ' . Brown Blue
—_ - . J .. B R L. hd .'. N l '
Subtest . Form A Form B Form A Form.B Form A Form B Form A Form B
‘HNumbe:_:S‘yst‘em- o : Cor T
& Numeration 63.3 63.3 75.0 72.2 50.0 69.4 .58.3| €6.7
o \?Computatiin '84.8 66.7 . 85.4 72.9  77.1 75.0 79.2 \ 60.4" _
. applications 0.0 -83.3 7.0 73.3 57.6 57.6 78.8 |78.8 T
. | . . N 2o | N
.S
13 4
/ o N .
s ,. > ) .
4
i"y N -
4 . '::';'
) )
3
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Table ] Percentages"of' Reading Compfehension Items that fit the Rasch Model

Test o .~ Literal |  Inferential

'SAT, Intermediate I | - oL : .
o ~Form A ... _ ' . 92,5 ) o . 80.0 .
Form B L . " 95:.5 L : 75.0 .

Intérmediate IT i_ S L

Forma  ©F 954 - .. 815
. Form B °. . .. 91.7- _ . 87.2 -
. Advanced : : A
Forma - L 95.0 - T e0.7 .
Form B * ~ +100.0 ' o - - 96.2
" SDRT, Green — R . o
. Form A : d 80.0 - © 60.0
Form B - ~.: 86.7 ' . 70.0
SN : _ :
: "\ SDRT ,Brown- - . ' ' :
. /. ~+-Forma -« - 9.7 - . . 86.7
Form B v ' : 80.0 . . 76.7
/ 3 I i ) / . ..
-~ . S\DRT,B;U.E_ . o ~ - | - . . c
| Form A : .90.0 - _ . .90.0
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Sample Size (Apbroximai:e)‘ :

.‘\

- Table 8. -Sample Sizes of Rasch Analyses .
Test - Level Form :
i SAT SESAT I - A " '500.
¥ . SESAT II A 800
. Primary I - A’ 3600
. ' : B 3300
‘Primary II A 4100,
_— o B 3700
" Primary IIT A 4200
~ » B 3400
Int. I . A - 4500
_ _ , - B ° 3800 .
e S Int. II A’ 8500
. ) B - 6300
Adv. a - 8000
B 7500
g TASKI .. ¢ & ~ 10000
) i ‘ B 10000
. o ., , TASKII A. ~ 4300
o ) . B 1800
SDRT Red A . 1500°
o N - B 1400
_ » Green - . A 1600
N B 1500,
2 ‘Brown A 900
N o "B 1500
-~ Y ) * d M - :
‘' spmr Red A - 1500
s . B ~ 1600
. R Green ot A’ 1500
s T e leop -
o . "»; - Brown " A 1700
) B 2000 -
" Blue ‘A, . 1500-
N
{
3 19
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