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. ol A Coﬁpirlso& of Two Item Selectlon:Procedurea ‘far P
Bullqlng Crlterlon-ReFeranced Tosts 7

ll
v
I

[ I

\ . » . S

Within any form of{systematlc Instruction (e.g., mastery}learnlng), B T

there ls a need for h]gh“y relevant achievemant test; to monltor,achleve-3v(
ment of Individual students. Suth tests have been commonly known_as o
. | . ) 4 :

”crlterlon-referenced“ (tR) o , . v . -

L

y

n the area’ of CR test rellablllty, two slgnlflcantly dlstlnctlve '
fcooceptuallzatlons have been dlscussed (Hambleton Swamlnathan, Alglna & -
Coulson,’ \?78) The flrst refers to the consistency’ of correct pass or
R fall classlflcatlons from te§t to test, while the latter reflects the

-

' magnltuoes of errorskof meesurement as ltiaffects,oeolslons regardlog pass;."
Bath content yalidity and rellabillgy are affected by the manner in
whigh tR%teets'are conetoucted Essentially, test makers may develop domaln
peclflcatlons or objectnves, dreate items,. revlew these items uslng loglcal
'or empirical procedures, and,select i tems for CR tests in muchvthe manner .‘

vrecommended currently by teSt speC|allsts (e,g , Haladyna & Roid, l98l‘

‘ﬁimbleton, et al .; 1978). The way items are selected fonra CR test IS an

1ssue of maJor |mpor§?nce In CR test development and is the focus of ¢hns

JAR
4k
R

- study.

Two Approaches to CR Test Construction

"

Random sampling. Classical test theory is based on the grattice of . vn;%

. . , . y
. random sampling from a well define:\domaln of test-ltems.(Lord & Novick, -

1968; Nunnally, 1967). -The very same approach to test constrgction is

2

present In generalizability theory (Cronoeoh, Gleser, Nanda & Rajaratpam, \\ ' y




1

h197li. and the'n?actlce of sampling Is_prominent in many discussions of. -
*CR testing (Bre‘nen & Kana, 1977; Hambleton et el', |978 M) Iman, l97ha.

J 197Qb Popham. 1978; Shoemaker. 1975) : : ‘ - v
| Thus lt seems deslrable’to randqmly select Itams from a pool of

» / a

ltema which haVe been carefully deveﬁoped to represent some lmpdrtant
. [Y 1)
.lnstructlona; ‘targets. In practice, however, we are aware that emplr1cal .

procedures have been utillized via test blueprlnts and other means have been
satlsfled (Mehrens & Ebel, 1979). . Most measurement textbooks glve strong .

‘ support to the use of the resultsiof item analysls for selectlng or removing
ltems from achievement tests. A recent. study by Haladyna and Rolid (I979b)
however, suggests that when ltem characterlstlc lndexes are used to select
ltems for a’ CR test :the results lead to largeg errors of measurement when

f»compared to tests composed by random sampl ing. Therefore, there s sqme

. emplrlcal'support for the practice of randomly sampllng l@ems.‘

- Latent tralt theory{' Recent inteBest'ln latept trait theory has re-

—b

sulted ina number of research studles and appllcatlons (e g., ‘Hambleton,

b

d Swamindthan, Cook, Eignor & Gifford, 1978; Wright, 1977). There have been ‘ ’
_severa attempts to apply the simplest of - these latent trait model57 the . |
‘Rasch model, to CR testing (Haladyha G‘Roid, 1979at Hambleton & Cook, 1977;
Rentz & Rentz, 1978). In the study by Haladyna:ahd.Roid (19793},~thebRaschf
‘model_seemed_to be very robust in estimating student achievement despiteh?
problems Q}th.the stability of estimatfon of the only parameter of the modei,

item'difficulty. | ; ‘ o S
In theory, a test maker selects test items for students in such a
" manner ‘that the difficulty of the items_is matched to the achievement level

of the student. When this is.accdmpllshed, the error of measurement ?or,

1

4
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St - ' : . .
generalizabllity thnery‘and also have maanlng In latent tralt. thdary (Lard

& Nevlck. lBéH.,pp. 386*387) The duﬁlnlclnna ars also qeneralry 4cu¢pcabla

in dlscusslans an CR testing (Hambletnn, Swamlnaahan. Alglna 3 Loulaan. 1978;

*
‘o R re

- Willwan, I97ha), N Sy
o LAn ltem unlvarae I ganerated that adaquately and’ loglcally '
ruprquunca the target of lnutructlon. and thfs unlversa can be consld-

arad to be “unldlmenslonal” In the sensa. Lhat At represents a hollstlc

N - . . 3 . -

s tralt, . 5 IR ’ ‘ ’
T, Ve 'I a, L
2. A true scorigls-the resuft"bbthlned by admlnlsterlng all ltems
L} [ 9 1 « I =
in the item unlverse 0, an examlnee in the populatﬁon of examlnees for

; N v
ﬂ L :
f

rlch.the test Is Intended . ,;?’ﬂv .»." , kﬂnh;

. & ) A . R = 2
377 An observeq §coreJls,the resutt o }*Ined by administering ‘a sub-
set of these ltems to an examine%ﬂy . . 'f ; ' .o .
- :

. Lo
. S ‘
° 2 4

‘ {:
-“x The observed score ls;an&eytlmator of th ftrue score and l

;‘ »> ' N . u‘

—
', unblased when the score ls based on a random sam la of ltems g

:

L 5 An errqr of measurement ls qhe dlf}erence between.a true apd

( F}a “ S N T E . ' 3 '&%
bserved sgﬁ o, &yn' .t i & ° Wy N
. .ufl Jlt ls very rare, lf,not nearly imppssible, to obtain true scores.
LY . w

Yet§much pregressahas been made ln spec]fying content domains ‘to the i‘%ent
4 o AN .
« that finite item universes are . specnfia le dnd, in: eXperimental conditions, °
-
eq}nre, finlte domains have been admlns%iered to samples of studeﬁts e
) 2 ﬁg%
(Haladyna~s Roadéavggg% Thus, true scores may be d|rectly observed ‘

5‘!

tests of varylng length u5|ng dlfferent test constructlon stra(egles for,éy

a "

the purpose of maklngbcompaﬁnsons in terms of errorﬁﬁof measurement. That\

E

| B . . . . . {'k.
N amy g . ) y
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Y * . . 5
15, we can use an.litem-by-parson magrix to construct tasts‘pslng'random-

1 sampllng and latedt tralt procedurad, and the simulated test regules will
laail to reasonable astimates of the magnitudes of arvars of mnaauvemant.
éﬁac arlsa Fro& thasa two approaqhes to tedt comicruction,

Thurnfcre. the lnd-uundnnt varlables of the study wara:-

l. Two mathods of test construcclun . random sampl Ing vs. selact}an
of ltems based on the match betwean student pavrqcmanee laval and ltem
dlfflcqlty. : oS

2. * Four test lengths, ld. 20, 130, hb | boms .

3. Four fypes of CR test data varyling In sensltivity to Instruction.

\ The dependent measure of ‘the study Included the absolute average

deviatlon and a ratlo of error varlation and true score varlatlon, &wn
‘ ) . |

statistics which represeht the amount of measurement error present [n
any set of test scores. (/

SOurges of Data

- o " * -
Four item universes were administered to students prior to and. follow-

Ing instruction. These item universes vary widely in content, educational
ievel.and sensitivity to Instruction. The first two data sources contalined

items representing objectives which first-year denfjal students were to learn

. L
as part of a course in dental anatomy. The second two data ;ources were

¢+

obtained from elementary school children as part of an |nstruct|onal pro-

) .
gram assessment. AII of these fests were objective- based and administered
as paré of lnstrugtjpn.: Summary statistics for these_CR test data are pre-
sentgd inhTabIe‘]s As shown there, the instructional sensitivity (pretest |
vs; posttest differences) 9f these tests varies widely, .from 18.42 to .56.3%.

It is also importCnt to note that these four data sources differed in
~ . n -

.

1




posttest variabilicy and lavels., These Four data sources seam Lo represent

the rangs of situations common to ipstruction,

fnsart Table | about hera

Pracedures

_For each .data source, posttest rasults were usad, as thls condlition IQ
tha most prominently usad in veliabl!licy and vélldlcy analysas [n pra#clce,
While pratest data ls“daslraﬂlo for other geasons, such as [tem analysls
(Haladyna & Rold.»}981).vlt ls axpanslve aﬁd qifflcult colnbcaln. and Ic‘ls
Inaffliclent from the standpoint of usage of student tlmQ.

,Using the parson-by~lteam matrix for each data jource, three 10-, 20~,
30-, and QO~Item‘samp|as ware randomly drawn from the Item universe to
simulate <se9aral Form; gf randdﬁly composed tests of these varying lengths,
a total of 12 such tests. Each of these tests were then scored-using
student responies to these particular items.

The Rasch model Is ysed to support the notion that when the‘difflculty
of a test is matched'to the level of ;he examlnee;‘the error of measurement
{s minimized. ‘Therefore three conditions can exist when an examinee encounters
a test: (a) the test is at-level and error of measurement, is small, (b) the
test Is too difficult or too easy and the error of measurement Is large, or
(c) Fhe test is near the level of the examinee and the error of measurement
Is ﬁgdergte.

in %ﬂi; study, all.three conditions were sinulated. This was accom-
plished by building test forms which varied systematically in difficulty and

by subdividing the sample of students into four equal quartiles. Certain

combinations of test forms and student samples yielded situations where the

8




Table |
Means and Standard Daviations in the Metvic of Parcentages Corrast

far Pratest and Postcgat Condlclons
for Four Data Jources '

Data Pratest Numbai of ttams Seanaitivity to

lource n_ wedn  s:.d. 0 mean sd. inDagaln o lnstrucelon
T U R N SN ST TIP R PO o 56. 13
2256 329 137 25 A8 179 - 100 R
30291 25.h 9.k 236 513 19.0 68 25.9%
b 306 2805 .7 326 46,9 15 68 18 4%
.‘ \
\'z
. . ‘
P
\ - 7
/
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1 L L o .
thet was atvieval, near-level, ar aff-leval.  This 13 illustrated in
fable 2. The actual procedures used o (deacify che levelf of Lhe tast

aie praagnted i Appeidis A, .

L R A ST e ey e

insave Vahle 2 abuut hars

Tha capnsequence of thia atratayy waa ta shiylate altuatioia where
students wara givan at-lavel tasts whara arvars of dedaurensnt ward prae-
F - u
Jdictad to be &mul} 48 wall as off-laval tgsls whare thasa arrors werve
predicted to be the largest. Thua, two kinds of comparisans ware avall-

abla: (a) hetween the two test construction strategles, and (b) between

at-leveal and off-lavel tasts within the Rasch, latent tralt approach,

v

Analysis of Data , , A .
i

The rg;hgtt'of aéch of thase 12 forms was then compared using a
1t;tlitlc conceivaed by Hambleton, Hutten, and Swaminathan (1976) for such
comparisons, tha Average Absolute Diffarence (AAD). This statistic ls
useful in describing the average magnitude of arrors uﬁ:maaauremqnt whan
the true scores are known. Hambleton et al,, (1976) used AAD with simulated
data to compare several methods of estimating true scores.

AAD is highly dependent upon the scales being used. Since random
éamples of iteﬁs Iea& to percentage correct scales and the use of the
Rasch model leads to ap entirely different scale, a scale-free statistic,
(E/T), was created which was frée of this dependency upon the scale but

indicated the degree of error extant in the data as a function of the-true

\\

sc2:9 variance. This statistic was the ratio of AAD to the standard

deviation of true scores.. E/T is similar to the signal-to-noise ratio
. ' '

,discussed by (Brennan and Kane (1977) except this statistic is not based

iC




,. [ . L ,
Twat Lavela and Student Achitavensnt Levala fag tannfnmunt'

fable 3

-

Ytudent
Achliavemaint . =
davels Lavel | Lavel 2 Lavel | Laval 4
g } R s R 2 oo b o R S 5 e B T S st g e
! * 0l 02 01
4 0l * al a3
1 0 ul 4 ol
4 04 YRR 01 v
' s i = T
1

¢t indicates appropriate level Tor student.

01 Indicates conditlon whara tast ur atudent level fa cluse to
appropr late,

02 and O3 Indicate & condition whare student or test lavel la
serlously too easy or tou hard. ‘

o
b~

-
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E/T Mekas panidhie compariaia af wagilbydes af siiais Lelwess (wily
gaimratmd by Fandon a#ﬁ&liu’tg aitd La3ka wiaated (heuygh (he yae uf the

Raach seiiel ’ v . '.\

o deteiming (he ralative affavis oF (e G (3t cunatiuct luh FETRVE s

cediireas an Ehe Jepdadent varialile /T, F K & b s b anabyata auf vailgnee
\

waa Juile, The firat g?ytquia wag Ehe melliaid of feal cunaliuet -
r . 1
(@) vandom sampling, (b) ta-level, (L} near lavel, and {(d) aufof flevel
The ascond veriable, teat lengti, was i ioduced ab 8 cantrol —a. fakile bhgx

also aliuws Che Ftudy of tThe magnitude of d@yidra 83 a Funclivs o F Laat

lehgth. the tRird variabile was Jdata svuice. Une purpose L using this

N
.

Factor tn.ghu das lgn was to ¢xamiﬁqv(h¢ possibility that the diats Phut fon
of scores or type of .dhtrltmihm waas a facton h‘\- anplaining the deyree ut
measurement arror In these data. In a study by Haladyna and Rold (1980),
when errurs of glaxslflu&ttéﬁ ware atudied, a critarion ldval was duturw‘
mln;d and students ware classifiad as.pass, uncartain, o fail. The re-
sults of that study 3ndycach that typa of g[slribuliun of tast acaoras was
tha major factor in det@rmlnlng claa%lficaﬁlin errory, Thia third factor A

| " .
In the design consisted of categories of schievement, where the student

sample was divided into four groups based ¢n their true scores, the flirst

group being the highest achleving group and the fourth being the lowest.
With each data source, there were only a small number of ilevel tasts

for test lengths of 30 or 40, so interactions were not considered part of

.

the design due to insufficient numbers of observations in some cells. The

variance from these interactions were pooled with residual variance and only

main effects were reported. Sirce the concern was for the contribution of

19
A r
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eaéﬁ’maln effect In explalnlng error varlance, results were reporte@lln
~proportion of varlance accounted for each main effect following a test
of statistical si ,Jflcance where ‘alpha was set at .001.

. ~ Results and Discussion . o

-

The_resu!ts‘of the analyses of variance for each of the four data

»

- .
-

sources ‘are reported\infTabIe 3. All results are reported‘Qn§fercent of

'

<&

. . ’
v, . . ~ -

Sl Inser& Table 3 about here -~

\ - T -
A 2 hd

LR ¢ T .
L
)

accounted variance .as all main effecgs were highly statlst1cally sngnlfl- i

b

‘cant (p < .OOI), Sample slizes, means, and standard deviations for all

factors and data sources appear in Table 4.  Of the four data‘scurces,

\

Insert Table 4 about here

three proved to ha%e sufficient conditions for the establishment of at-

Ievel tests for each test Iength andﬂsampfe conditlion. For the first data
set, where the sensntnvnty to instruction was greatest and where posttest
scores-were uniformly high; no Ievel tests existed for the first three of

four sample conditions studied. That is, the first three quartile groups

s . s . . » . ¢ . ! .
- consistently scored over 90%; and at thts level, no test form proved SUffIT

c|ently dlfflcult for any of these §amples to justify the desngnatlon as

an at-level test. The results for the first data set are based on test

scores for the fourth group only which had a wide\range of achievement test

scores (70 - 90%). ’ Y
- . .
The results of this analysis of the sources of errdr variance can be
. Lo

classified into three categories: (a) test construction technique, (b) test

e
C2

kY

“a
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Table 3 Lo T '/;/
Percent of Accounfed_Varlance for Each Main Effect -

A B

#
Data Source Data Source 2 Data Source 3 Data Source k4
) :Tvpe of Test - 5l.Ag . 13.7% 12.9% lh;aaﬁf
Test Length 40.33 © 23.5% 33.1% . SI.0%
Type of Sample ‘/ -- . 50.0% . 40.8% 31.8%
Total Proportion- | 87.8% | 96.8% /97.7%
of Accounted ' T
Varian;e p
i
o

iy,

~ #-A
[N



Table 4 S —
Sample %Ize, Means, and Standard‘pévlation for '

Each Main Effect and Data Sou?ée

- ' : Data Source | | Data Sou}ce 2 Data Source 3 = ~ Data Souécei}

' Type of Test | 'n mean s.d. 0 mean sd.  n mean .S__é_t . mean sad.
1. Random Sample . - 12 0.93 0.41 - 48 3f22, 186 48 1.77 l.26i W8 v.2n ] 0.6h
2. At-Level - 5 0.83_  0.30 29 2.54 1.59 ‘@#io 1.54 1.09 ~ 18 1.18 0.73
3. Near-Level 2 . 1.02 0.0 30 3.49  1.69 20 2,17 1.16 gigéf 1.84  0.98
h. Off-Level 10 1.5k 0.9 33 hsg 1ot 13 3.3 176 .‘v.._?_‘-"vl.82 0.6
Tes;JLength I L ' ; e ' ‘ h.. |
1. 10 items -1 " 184 0.27 5zf» 4.54'  1.94 4o 2.86 I.éi o 2.14 VoL75
=2. 20 items o 7 1.12 0.34 32 3.38 '1.69 28 -'?9‘, 1.03 - ; 28 1.45 0.48 °
3. 30 items L 6 0.89 - 0.38 281"2Q80 1.58 24~ 1.h0  0.62 .24 1.0l 0.39.

k. 40 Ttens -; , 5 0.75 0.49. 28 2,20 1.16 20 ; 20 0.72 0.25

i _Ty;; of Sample ST L7 - o e _ ' L

1. First Quartile - 35 2.51° 0.78 28 1,03 0.4k 28 1.15 0.48
2. Second Quartile _"‘ - ‘ 35 5.28 1.90 28 2.56 1.29 28 .[.82'  0.78
3. Third Quartile ' o 35 ka9 1.58 28 3.00 '1.§i 28 1.98 q.eu_,
L. Fourth Euartile . :; ; }‘ 35 1.87 0.75° 28 .1.19 0.48 28 0.94 0;40

' Total 1 29 1.2 0.43 140 3.46 1.90 12 1.9 1.3 n2 1.27 0.78
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E -, . - ) . ‘ & ' “ 1
length, and (c) type of sample condition. These become the objects oFf
. - ﬁ . . : . ~
further discussion. .

.Test Congtructjon Approach . . , .
For the latter three.data sources uhere the type of sample was not

a problem, the approach to test constructlon typically accounted for a
‘relhtlvely small but hlghly statlstically sugnlflcant proportlon of var-

iance. In,each and eyery data samp{e the—at level tests consustently

' ki

produced the smallest -errors of measuretent. S fd

-
.4 -

The criterion of effecf size -was used'herp)to describe the magnitude °

. . . 2 ’ < .
..of the differences observed. Effect size is simply the numberkof standard

deQiation unitsqthat two means differ. The differences between Rasch-based,
at-level teetsﬁandﬁféndoply,generated tests represented small effect
sizes,'~.2§, .36: .17, and .08 respectively. While these effect siies are

sma1l,vcorrespondiﬁg.to the proportion of accounted variance shown In

¢

Table 1, the results clearly demonstrate that when the d|fF|culty of the;

tests are approprlate to the level of achievement of a particular sample,

1, ~

the errors:ofrmeasurement are distinctly and consnstently smaller.'

3

Looking|at tests. that Qere judged to be near-level, errors of measure-

N

ment were con5|stently h|gher than the at-level test results./ The magnitude

of-these effects was hh .50, .47, and 85 Further, these means were\\ -

3] . ,‘1.
higher than those reported for tests where items were randomly chdsen.
" These results shéuid: indicate the procedure for rdentlfylng level tests
. o L

-

4

was valid and- that near-level tests have considerably.more errors of measure-

ment than randomly generated tests as well as at-level tests. As antici-
pated, off-level tests were considerably error-ridden‘in contrast to other

” 1

conditions. The one exception to this, data source four, was due %o a

-
4
a
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‘large amount - of Instability JnFLO-Itém,feSt forms for the secon&jand third 
f . . L kN . '

7 quartiles. ¢ e e Lo S

‘ The’*{ift'level aﬁalysis establishes the validity of constructing

. ) ' SR » g

. achievement tests which match the level of achievement of\:RE‘student.

» N : - . y . )
Randomly selecting items, as is-advocated in classical test theory, gen-

eralizabiliey theory, and other approaches (CR testing) wher% an item

A .
-

) * - " X ‘,P\ - 2 - i - Ri .
QOmaiﬁ Is believed to represent :the object of instruction, does not produce

: : . o . : . b . - i .
_the best tests in terms of minimizing errors of .measurement. On the-other.

hand, Rasch-baseq.ﬁésts do. A finér.level of analysis Qas conducted to

ascertain the bias of error in estimating student scores as a fuhctiog of
v ) " 7 ‘ . ' - \ ; -
the degree td which a test matchei/éhe achievement level of the examinees.

An examihation of the AAD's)(théﬂﬁean difference of true and querved

1
>

'scores) across each quFItion revealed that a systematic. bias did occur.
L ‘ , . Ca ¢ - ’4 T . . - Lo : —
- as a function of the i%ffgrgn;e‘between_the level of the test and the leve

. of the examinéesl When the test form was significantly too easy, student
) ’_“\\v 4 . . . . P . E
c . " observed scores tqued to be higher than true scores.)\ When the test form

. R L4 .

was significantly too hard, studerit observed scores tendéd'to be lower than
. . . , - .\‘ . ) . R ' . ’

true scores., o

j . N B .

This Ts a reaﬁénable finding. ‘The'Raqch?ﬁodgl yields domain score

v 3

f,;9§iimates/:hat are higher when the group of items upon which the estimate

” i

7

v.'ﬁ;[s based-are easy. ConVersely;‘doﬁafn score estimates are deflated when

the éec,éflitéms,fé hérd_relatl’g.to‘the_student!s achievemen::
, PR T L ' ~ ' : .. . o

. .Clearly, for high achieving students, hard tests do more harmlthan -
good. 'Onéthe'other'hahd, a student who takes aqgsasief test is more 1ikely

to be overtated because the mismatch between a low achiever and more diffi-
; , .

cult items yield an. overestimation of student achievement. . In either casep

. e . ‘ A

kw
o
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the results are larger errors of measurenent which are the products of an
\ ' ' inappropriately difficult test. The reeults over all fouz,data sets show
4this to be consistgntly true.
. Test Length
It was expected that errors. of measurement npqld be great[y'affected'
by test length. While this is theoreiically predicted, the design of
N

this study permltted'a look. at the magnitude of decreases in errors‘of
1 [N

measurement as. a function of test length

\( ; }| . ( ’:,“'r - e
.These results, reported In\Tables l and 2, indicate that test length o

o

three of"the fourvdata-sets. In the flrst data set, where the dLstrlbut;ony
of scores was badif skewed, test length accounted for 40.3% of tﬁ% variance. °
Thus it is clear that test length.ls a powerful factor in reducing measire- ‘'

ment error. N

b b

The results allow us to examnne the magnltude of decrease i'n measurement)

A

" érrors as a function of test lengths. TheSe are brlefly summarized below

A . : \.3

Iin terms of effect size. .

From 10 to 20 ltems From 20 to 30 Items From 30 to 40 gl tems
. ‘ : - N N e

Data Q%t ] YL - W5k ‘ " .32
isen .79 | 530 . 3
: ) Set 3 o BT . 42 1
Set 4 .90 - 57 .38

0 ) {

»

A large effect size indicates a substantial reduction‘in measurement. error

\

\\ - from one test Jength to the next test‘length From these results summarlzed_
above, it Is clear that 20-|tem tests offer the largest lncrease in precision

. from 10-item tests and_the increase between 20-item and'30-ltem tests s

0
u -

1
1.,‘.
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ualso substantlal, whlle the |ncrease in precnslon between }0-|tem and .
£

hO-ltem tests Is smallest ﬁar threetof the four data sets. While It ls

Al

clear that 40 ltem tests yield the best estlmates of true scores as mlght.

be expected 30 and 20- ltem tests are not. that su%stantlally lnferlor.

1 .

In terms of overall test proflcnency, tﬁese resul ts would suggest :hat
20-|tem tests offer the most for the least, wh|le gains made with longer »

N
tests are less substantial. Where one draws the line wlﬁh respect to the
\

Znumber of test items:is a matser Jf the coésequfnces one places on making

declslon errors in systematic onstructlon (Haladyna & Roid, 1980)

.
,

_ l
. | | : 4

Type of Sample . - -

- The thlrd*factor of the'study was the type of sample (range of exam- -

inees).. As noted earlier, each group ofAstudents was divided into quartiles

e
% . . <

representing four sample'conditiohs: high high middle, low middle and low.

Results in Table 3 would |nd|cate that type of sample was a signlflcant

factor in determining errors. However, it must be made clear that the

cr|ter|on for this analysns was the statistlc E/T As noted prevnously,
this ratio is scale-independent. The results of Table 2 lndlcate that E/T

is hlghest for the two mlddle quartiles where student scores varied the . ﬁ\\‘n
N3
least. ) ot

’

. A more useful criterion -is AAD which ‘is based on the difference between
N .

true and observed scores. While E/T is metric free, it is affected by the

distribution of true scores. AAD is not metric-free but is is.not affected:

by the dlstrlbutlon.- Therefore, AAD was used to ascertain the amount of

R . : 7y .
"error extant in the data sets as a function of the four types of 'samples

1

studied. Since at-level tests were the mogt precise in estimating student

scores, these tests were studied across the three data sets where y
, . ‘ . , »

t\.)
'

.
.
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the four sép le'coﬁdif}ons existed using a one-way analysis o¢f variance
with AAD as th dependent measure.

Tﬁe resul ts\of this analysis:revealed no deferences'as_a functiohkh
of samplé typé (F-O,ﬁh; df=3.73§ p=.80). The means for the four respec-
fiv; samble conditions were: .306, .333, .338, aqﬁ .343 with an overall
~ standard deviation of ll35. ,It was conclusive from these results that when i
at-[eVeI éests are employed';o estimate domain scores, errors of measure-

.

ment do not vary significantly with the‘type of sample condition.

3

. ‘ Conclusions

X

- Test Construction Approach -
' . ¢

The main objective of the ﬁtudy'was to decermi%é if a difference
éﬁisted in the magnitude of measurement errors of tests qonstchted two
differ;nt‘ways. The resultsvwere consistent‘across four data sets which’
'represehted va;yingAdegEees of sgnSitTVfty‘to instruction. Tests created

by selecting appropriate tifficulty levels fof'students based on the Rasc@h
: * : : . T
model yielded smaller errors of measurement than tests which were created

by randomiy sampling items. These results offer support for the concept
of latent trait theory as a basis fqr test construction and the précfice
of providing achievement tests at the functioning level of each student

rather than the 1evel of heterogeneous grbup of students for'which a stu-
, "

L8 ,
dent ns_avmemwér.
: ]

The results also suggest that random §ampling of items is a second-best
o C : . :

altérna;ive, the diFferencefbetween the randomly sampled tests and the

‘

Ras¢h-calibrated tests was not large in terms ofvthe criterion of éffe;t -

size. Nonetheless, there was a statistically significant difference iﬁb

each  instance.

/
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The study‘also serves to show that when students receive tests that '
are not at their level of‘functioning, errors of measurenent tend to be
substantially-higher than either randomly sampled tests and at-level
teSts} Thus the practice of level-testing, if the assignment of students
“\.

to levels is done subJectlvely by human judgment, is indeed a delicate

. technique to employ in school . assessments. When a test is apprdpriate
to examlnees, this study has served to $how that domaln scoresﬁare pre-
cisely estlmated When the test is not appropriate for examlnees, errors
are quite substantial. I 0

The CR test developer is wise to understand the beneféts and deficits

| of these two test construction strategies, both of which require item pools.

Randbm-sampiing is a more conservative practice which guarantees a moderate
r but -controllable amount of measurenentﬁerror. Level testing provides a_

chance for superior precision at the expense of the chanciness when'a‘stu-
dent encounters a test that is too hard or too easy. 'In this respect, the .
Portland (Oregon) Publfc Schoo]s, where~such level testa are employed, uses
”a placement test as a form of pretest, which aims the student at the test of
appropriate level. This seem; to be a sensible approach which is new

) -

grounded in research findings that support the practlce.
* Test Length ‘ '

< It is well known that test length is a powerful determinant'of'reli-
,abtlity and'measurementverror. This study not. only provcded support for
this principle but |nd|cates that errors of measurement are not evenly a
-Functlon of test length. If anything, the relationshlp‘bétween measurement °
error.and.test length is a curvllinear funetlon:with the greatest decrease‘
in meaeurement error occurring between 10, and 20-item tests and‘decreasing

7 as tests reach lengths of 40 items.

y
o

s
‘V‘v
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: As Hambleton (f979) amoﬁg,others has noted, one goal in CR teéting
1s to arriv; at reliable domain scoré estlmaté§ withouf unnecessarily
long tests. The results of;this study would sﬁggest that test Iéngths of A

»

less than 20 would prohably‘hot lead to reasonab(g domain score estimates,
but satisfactory precision can be achieved for fe;$ Iengths of,ZG to 30 )
items.. Eeyond 30 item;, gains in precision are ofgﬁet by the Iongq{ tests.
This, however, is a rather subjective conclusion. Ohe needs to sefﬁtest
lengths Sésed on c;nsiderations of tiﬁe allocated forlpesting, number of
students who are likely to be classified as fail or in need ;f reme&ial
instruction, and other considerations. Precision is only one of several
factors that are used to determine the test length of a 6R test.

It would be_ interesting and important to develop fi}mer guidelines

regarding the relationship between the two. More importantly, guidelines

. for test length should be grounded in theory and be empirically tested

i .. —
to ascertain their effectiveness.t—~How long to make a TR-test is still a-

-

problem of concern.
“iiSamEIe Type’
Co S B . : ‘ o
It was clear for this study and from principles of latent trait theory,
that errors of measurement vary as a function'of th; discrepancy between
the student aqd the test. |If a test is too hard i;%woo easy,.thére is a
bias'[n domain score estimation that occurs, and this bias Is manifested
in large erroré of measurement. Despite the fact that four disparate
sémple conditions were employed, representing quartiles of the distribution
of all éxaminees, rio differences were found in the AAD's of these sample-
types. They were remarkably stable acro;s the four sample types studied.

While blas exists in domain score estimation as a result of fnappropriate_

- »

N
Ao i
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f .
level of test, it does not exist for groups of students who. differ in
achlievement as long as the test they are given is appropriate to that
level. y | | -
While this study provides strong support for the practice of bu}ld-
ing Rasch-based tests of varying deQrees of difficulty to minimize errors
- of measﬁrement and to achieve reliable domain score estimates, a technolegy
for developing and using these tests fn objecfive-based instructional pro-
grams is just emerging and requires more empirical studies which examine
aspects of test construction which d|rectly affect domain score estimation.
Ohe of these aspec;s includes item analysis, particularly the stabllity |
of difficulty e;timates. Haladyna and Roid (1979a) have shown thet serious
discrepancies in ;ifficulty estimates'obtained from different Sambles
differ substanttally, a result thCh Slindé and Linn {1978) observed
their study of norm=- referenced Tests
In summary, this study has proven that-leeeet trait theory, particularly
the oﬁe-parameter Rasch model , hasvmuch'té offer users of CR tests in pre-
cisely estimatfng'achievement with respect to a wel 1-defined content domaiﬁ.

Since domain estimation is a goal of CR measurement, the rijEEf trait approach

<

to CR testing holds much promise. ‘ : —

! o)
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o ~ Footnotes - |
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4 .
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leffect size Is ;hé ratio of the difference in contrasted means

and the standard deviation. _ﬁéﬁ
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~ Appendix A V?gpl?‘
" A Procedure for Asslgnlng\Tests to‘One‘of Three Categories:

(a)‘Ag?level, (b) Nea;-fevel. and " (¢) Out-of-level

L
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- Appendlx‘A
A Procedure for As:lgnlnq Tests to One, of Three Categorles:
(a) At-ievel. (b) Near-iuvel. and (¢) Out~of level

‘In this study, tests of varying lengths were systematically con=
structed usling Jlfflcuity levels as the basis for Item saelection. The
geal was to construct tests which varied In dlffleulty. ‘Four'dlffenent
- samples were‘used.‘ Each sample was cteated by subdividing the pepulatlon
of examinees intoy four equal quartiles; each quartile representing a ‘ ‘
different level o>\achlevement.

A problem remained as tomidentifying the appropriateness of the
Interact lon between any.test form and the level of achievement'of‘that ’

' sambie} For ‘any sample, a test form could be appropriate to the level

o of examinees (+) or It could be nearly approprlate (01), or It could be

inappropriate, that Is too hard or too easy (02).' The foiiowing proce-

dures were developed In thié Etudy to.ascertain which of the'three condi-
tions described above, +,VOI, or 02 existed with eécn test form generated
innthis study. )

The procedures were based on an anaiysis ofvthe med ian and range of

27

true scores ‘of examinees In each quartlle as well as the optimal range of

test scores for a particuiar test. The’ optimal range for any test form
was determined to be the.range of scores for which the standard error of

estimate is minimal. Tnis range is symmetrical around the center of the

*

scale;'the size of the range was plus or minus 20 percentage points from g

this midpoint of the scale. For example, In a 30-item test, the optimal
range was the Rasch logits equivalent to. range of scores f(em 30% to 70%

on the 30-item scale (raw score 9 to 21).



\ B I ‘ ' ! ' L]
N‘ . \\ . | . ” . \ .v []

\ . ' B : ' ' iy
f@ I1lustrate this procedurs, a 20-Item test from the flrst data’

‘28
aouréa\ls used. Uulngv;h. fourth guakclla for this analysis of the test,
for the\zo;ltam test th; med lan was =1.34 and the range was =2.24 to = ¢
-0.9%..\1hem§dlan fqéllhe‘students in the fourth quartile was 1.88 and

the ranggxwas 0.78 to 2.38. Obviously fhera was no commonal Ity between

the two r;sﬁectlvé medians and ranges, and t:e 20-Item test fo;m was
désignatad 0z, off-jev;l. Wﬁer; a good match between the medlan and

optimal range of a test form and the ﬁedlan and rarge of tfue sco;es
exls;ed. fhe‘deslgnétlok +, at-level, was glven. When there was a close
hatch; the designation Qés 01, near-level.’

Thls.précedure Qas applled to alk four data sources to arrive at v
assignments of test formg; Valld}t§ 6f this procedure was evldent‘fn “
the results of the study: It was predicted that at-level tests woul& oo
have appreclably lower AAD .and E/T than nearylevel and dff-]evpl testé.

This prediction was conflirmed in all four.data sé;s.

\~' . The results of the application of this procedure to the four data

séts are glven in' Tables 5, 6;'7, and 8.

Insert Téb]es S; 6, 7 & 8 here,.b B ’ Lo

QO
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. Mulunum

v

First Quartlle

 Yable 8

Data Source |

hc?ml Quartlle

of Tast Yarms on the Basis of Thelr Madjan and Optimal Range
for Rach: Tast and the mdlnn and Rangs af Trus 8cores ot‘ tach Quartlle

Third Quurtlio

o peem

%

Fourth Quartile,

B Hedlan Range Hedlan Range Hedlan !iunq- " Madlan Range
) Hedlan e N.Ol ) ,46‘ [} ~t°’ 3. ’!'o. ,-“ ©2.08 l." [ ] i:‘o .48 0.74 & LJI
: . = v ' o i
Test Length  for Test Opt Imal” Range - Assignment I Error Asalgnment. - Z Error - Assignment o X Error  Assignmant 2 Error
10 L -2.58 ¢ -0.04 02 .42 0z 10.58 . 02 5,53 02 1.06
10 . -1.0h ~1.91 s.-osi's 02 8.5k 02 7.18 02 2.4k 02 ).
10 =0.39 -1.2h & 0.46 02 5.20 02 3.47. 02 1.9 02 1.48
9 -0.16 =1.01 & o, 6, 02 N.35 02 2.37 02 2,22 02 1.82
10 0.12 0738 0.97° 02 2.80 02 1.54 02 2.87 02 1.65
10 0.41 -0.h5 & 1,26 ¥ . 02 1.82, 02 2,40 02 R 02 1.59
o 0.94 0.09 8 1.79 02 Y 1.70 o 3.23 02 N.22 o .05
"0 1.63 0.74 & 2.53 02 5.5 02 5.30 ol 3.35 s 1.23
20 -1.34 -2.28 & -0, 00 02 6N 02 .65 02 .61 02 1.57
20 <0.25 =1.11 & 0.59 o0z 143 02 1.92 02 2.76 02 1.62
20" 0. 29 ~0.57 & 1.1 ol 2,04 02 3,08 . 02 3.51 0l 1.00
20 - 1.28 0.39 & 2.i8 tol 7.0 ol 5.97 ol 2.69 + 0.70
’ L . = ’ :&-, .
30 -1.00 - -1.93 & -0.08 0z - 2,39 02 .97 . 02 2.28 02 1.59
. . { ' . .
30 0.00' -0.86 & 0.86) .02 2.22 o .60 02 3.07 02 1.05
30 0.98 0.08 & |.96'_-; 02.. . 748 + 30 + 1.99 + 0.65
4o -0.75 -1.70 & 0.17 B 02 * 5.67 02 .18 ol 2.90 02 1.62
ko 0.76 -0.15.6 1.69 ol %  9.49 ] 5.33 + 2.02 o+ . 050 N
) . L . ! N w 0
! + Indicates at-level assignmdnt E ,r-_; ot
. Q dlcates near-leve) assignment - e -
[KCndlcates off-level asslg ment Ce :
. L ; 3%
‘ ull Text Provided by ERIC » ;. & K \)U
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Mllwmm' of Tass Forms on’im lnh af Thalr Nodll\\ v mmt W hf Yash Tons and the Hedian and Range of Thue Scares of Each Quars|ie
S. ' | Miwitource 1 - ‘ ‘ ,
i, g Fivas Quarsile * Seuand Quartlie ‘ ! Third Guarclle Fourth Guars)le
'. . ' Hedlan Aange Hadlan Range mulm‘ Range Mad lan Naivge
| Hedtan 5 100 hO NG '?“ BB LARL LI 1 LR TL I B NI
© Yeut Length ‘fur Tast v wmi‘l‘ Range A:;lnmm 1 Krroy ] M,lwml 2 frrar Asel grwmant X \reor Asn i gnwant 1 krrar .
0 2,00 aegay @ Ao 'n 0 6ot m T ol 1.5
e .07 1.9 c‘gb.za 0 (It TR 1 © 1,20 o2 1.07 0l 310
10 0. “1.86 80 1A 0 336 I L e . o 17
10 00 . =128 OM 0 090 o  pw | m “or ol 70
10 021 . 0888 0 " m .04 ot 7.8 0 X o ;.
p.o 10 0,30 ~0.85 ¢ 1S L A 1 .03 o L X
0 Y, TR S TR 0 1 g 2007 . o +5.0 0 2.20
e o o 0 NI . 6.03 o 5.9 o’ 2.0
10 1.07 % \5&}.3: o e + 6A3 ’g.s_n o an
10 1,64 U N | N B + 2.0 + 5.49 + L ol 2.18
20 =154 .ji‘.'n AT 02 1.4 o - 680 02 7.29: 0 - 3.00
20 . -0.56 <1 s 'o:‘j \-;{ 02 YT 0 689 - 02 570 o 2.17
20 oW qn ,‘4‘059,* \ o) 255 080 0 . o~ oM e a7
20 0.63 """"“%.n’wl. ’ o 2.25 ¢ "0 e LI s
20 .35 LU A + 1,98 t o o + 3.00 02 1.68
230 -1.25 2.19 o -o.;h \ o a8 o 140 0 " 656 - o aM
0 s ﬁl weddf . T @ 2k o g ol N N N
30 oo -0.05 & e 00097 . '; Las e 235+ 0.96
30 IND i X'y e ":jgo)_ ’ s 2.50 v 118
oo a2 ';.-:“‘» NIRRT -0 35 @ v e am o 1.8
I A L T X 02 209 - L 398 o 3.8 + L
ho - 0.38 ‘Jg, Bg\l .24 .ol ”' .65 oo nlz . o one + . 0.86
L @m pe 187 Y X R S #.»u' T ) + 0.98
! + Indicates at-level assignfont - A S o ‘,"' : T )
@ fcates near-level ass{gnment . P , 5 . .

]:K Icates of f-level assigoment
=ho e 424
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Auigoment! of Tast Farms on she Besis of Their m‘m and Optimal Rangs
far Each Tast and the Medien and Range of Vrue l!cc ran of Eash Quartile
Uata Boujee ) ‘ ‘

Fivet Quartile iugond dumu’. Third Quarsile m.’fm Yuaritle

Hedian Mangs . Medign Ranys Medlan . Rangs Hed lan Nange

Hedlan 0.83 237 s 2, 8) 008 0,314 0.3) 0.0y - 'h‘i‘ 40,02 =1, 24 ~3.5% & 0,86

10-‘ Length  far Tess Qptimal Range Avolgrimant 2 frror  Aesigment 1 Error Avelgnment ‘1'-' T Erear Asalgament 2 Breror
10 “1.56 =1.56 & -0.69 0 (R0 0 5,10 02 " 6oh ' 119
10 -0,92 <177 8 0,07 -‘;;"t;a' 173 0 .90 e L ' LI
10 "0.)7 «1,22 4 0.40 01 1.4 . U] 3.3 v 8. 2) + 1.4
10 0.09 0,76 & 0.9 o 1.3 + 300 LI B o 1.6y
10 0.53 0328 1.39 + 0.9) v 2.82 o 4,49 o 1.65
to+ 0.088 -0.33 8 1.73 + 110 ol 1.80 Y .52
10 152 0.63 ¢ 2.40 ol V.50 02 853 07 . rsag 02 1.65
10 ~1.24 “2.00 & -0.35 0 173y o 3.29 ol 152 + 0.82
20 -0.33 “1.19 & 0.5 ol 0.94 + 1.80 ' 2.48 + 0.73
20 0.0 -0,h6 & 1.26 y o 0.60 N 1.75 v 2.45 0l 112
20 .18 0.30 ¢ 2.07 ‘o 0,78 ol .55 o .00 02 1,56
30 -0.94 -1.85 & 0.4 o - s . o 1.89 o fe 202 ¢ 0.6
30 -0.20 ~1.08 & 0.6) L, b 0.65 + 1.32 N ':3. ) 1.42 + 0.55
30 0.9 0.03 & 1,83 + 0.56 o .22 ol 2.76 0l 1.07

20 ' -0.68 -1.60 & 0.24 ol 0.76 + 1S + 142 v 043

0.69 -0.22 6 1.6 v 038 + 1.20 . 0l 1.68 0) 0.83

'_* Indicates at-level assignment
Ol Indicates near-level assignment
02 Indicates off-lavel assignment
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0 “h, A0 UYL ] 1,90 0 nwn ol R (] 130
w W] 808 01 01 1" o LN o )15 ' V.00
TIADNY 1] 1At e 00 T ho) o 134 o 1.20 o IS}
10 @, 10 0,06 8 0,9 Y N 1] + 3.4 ¢ 1.06 (7] N
10 0.38 ENTHRRNS o ol 149 + 2.4 ol 3.23 02 V.l
10 0.0 018 4 1,38 0l (MY} 0l 3.40 Y 1.90 01 b6
0 1A 0.9 4 1 ' 1y 0t | {Y (] .93 oi 1.4A
0 “1.08 “1.98 4 -0.19 02 182 02 1.4/ 02 1,18 Pt 0.8
20 -0, 30 1168 056 01 Ly o oo 1.69 ¢ (WY o) .82
20 0.3 0,80 s 1,16 0l 1,06 ' 1.60 0l 175 02 1.08
0 .08 0.06 4 1,98 ' 0.7 0 KL 02 195 01 b
1) -0.8) Telns 0.8 0 1.2k 02 198 o 1.1 . 0.5
30 -0.18 1.0 & 0.69 0) 0.9 ol A . 1.09 ol 0.5)
30 0.80 “0.09 ¢ tfn ’ 0.5 » 1.20 02 (7 02 1.07
20 -0.60 “1.50 & 0,31 ol 0.76 ol 12 ¢ 0.9) ¢ 0.5
Ao -0.60 0.8 182 ’ 0.3 + 0.9 ' 1.07 02 0.81

+ Indicates at-leve! asslignment

01 Indicates near-level asslgnment
02 indicates off-level asslignment
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