- . . ‘o
. i

S ' - ¢ .. /DOCUMENT RESUME - \ L

ED 110 519> o g ‘ , TH 004 794 .
.'" AUTHOE, shoemaker, David M. . - : )
TITLE A Note-on Allocating Items to Subtests in Hultlple .
Vv * Matrix Sampling. DR
".___ INSTITUTION - Southwest Regional Laboratory for Educatlonal : )
w ST Research and Development, Los-Alamitos, Calif.
- REPORT NO SWEL-TH-3~72-05 .
PUB DATE ' 13 Jun 72 . . . <
¥OTE - * 19p. < : ¥
EDRS PRICE * MFP-%$0.76 HC-$1.58 PLUS POSTAGE ¢ .
DESCRIPTORS *Iten Safipling; *Hatrlces. *Sampling; *Standard Errc:

" of Yeasurement; *Statistical Analy515° s*atlstlcal
Biag; Testing Probleams . . -

~ .

T\T;;\toﬂnflrzzns Jackknlfe;\:nultlple Matrix, Samplfng
:_+-ABSTRACT , 7

"Investigated-empirically, through post mortem
1tem-exam1n°e sampl*ng were theé relative merits of two alternative
procedures for allocating items to subtests in multlple matrlx
samplﬂng and the- feasablllty of using the 3ackkn1fe in approx1mat1ng g
standard er*ors of esitimate. The Tesults i#nditate clearly that a
partially balanced 1nLomplete block &eszgn is preferable to random
samnllng in allocatlng items to- subtests. The jackknlfe was found to
better approximate standard errors of estimate in the latter itenm
allocatlon procedure than in the former. .These and other results are
d*scussed in gdetail. (Author) .

- . H
. /

. . : . I - ‘
******************************************************************#****
* Documents acguired by ERIC include many informal unpublished *
* materials not available from other sources,” ERIC makes every effort *
* to obtain the best copy ava11ab1 nevertheless, itsms of marginal *
* reproduczblllty are often encountered and this affects the quality *
* .the mbcroflcne and hardcopy reproductions ERIC makes available =
% #*
* *
* *
* *

v*a the ERIC Document Reproduction Service (EDRS). EDRSRis not
responsible for the gquality of the orlglnal document.” Ke2productions

supplied by EDRS are the best that can ,be made from the original.
*********************************************************************




.
P
*

- .

‘SOUTHWEST REGIONAL LABORATORY -
'TECHNICAL MEMORANDUM °

groshe

7 . < |
/- DATE - June 13, 1972 - , |
ool . - . |
NO ™ 3-72-05 — . .
- [ ” - ‘
. Ferwission 10 TREPRODUCE THiS COPY- . . .
DGHIED MATERAL HAS BEEN"GRANTED BY . Lo . . o
.. ) .
|
Lr s Ny . U'S DEPARTMENY OF HEALTH, . . |
> U\) IQL. . “EDUCATION 8 WELFARE Y . . ,
. *NATIONAL INSTITUTE OF R . ;
10 °ERIC AND ORGANIZATIONS OPERATING EOUCATION - . ‘
UNDER ACREZVENTS WiThs THE NATIONAL IN- -~ 18 DCrUMENT HAS BEEN REPRG .
SHILTE OF EDUCATION FURTNER: RB’RO- DUCZD FXACTLY AS RECEIV:D FROM
" QUCTION OUTSIDE, THE ERC.SYSTEM AE- THE PERSCN OR ORGANIZATICN ORIGIN ’- . |
£ THE COPYRGHT ATING IT POINTS OF VIEW OR OPINIONS o
Queis  ppassioy © STATED DO NOT-NECESSARILY REPRE . ¢ o
ones T SENT OFFICIAL NATIONAL INSTIFUTE OF R . . -
ot . EDUCATION POSITION OR POLICY . _;
. ’ . - i — — i .
» TITLE: ‘A NOIE ON ALLOCATING ITEMS TO SUBTESTS IN MULTIPLE MATRIX .
- Y y
: SAMPLING .

AUTHOR: David M. Shoemaker

".""\..,.w *\

- ' ABSTRACT, .
, o Investigated empirically through post ‘mortem itemrexaminee sampling

vére the relative merits of two alternative procedures for allocating

: items to subtests in multiple matrix Sampling ‘and the feasibility of
. ) 2 - . -
using the jackknife -in approsxjuating standard errors of estimate. The '

results indicate clearly that a partiall}} balanced incomplete block

design is preferable to random sampling in allocating items to subtests.
i : t - .

The jackknif‘e was found to better approximate standard errors of estimate

in the latter item allocation procedure than. in the former. These and
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’ A . .A NOTE ON ALLOCATING ITEMS T0 SUBTESTS IN MULTIPLE MATRIX SAMRLING :
David .M.* Shoema‘ker . . ’ - ‘ T
’ . Y ! ‘ - . . .

-

-

Multiple matrix sampling or, more'popularly., item-exami i€e samplihg;
is a procedure in which a set of K test items is subdivided randomly

sinto t subtests contaihing k items each with each subtest administ:eréd

-
¢

to n examinees selected randonily from the population of N e: sminees.,

8 .

> . Although each, examinee receives only a proportion oftethe K test items,

y

) to estimate phrameters of the test score distribution whi’gh'w'og] J4 have

. been obtained by testing all N examinees over .all K test ii_:énfs. Because

LY

a

nuimefous combinations of t, k, and n are feasible in any investigation,

the researcher must come to grips with several questions about how the
t

4
.

. procedure should be implemented. '"How should items be allocated to
: . oL . 6-
subtests?". is one important question requiring .am gnswer and is_the one
3 [ o> : ! ’ . . .
addressed specifically herein; concomitantly, the feasibility of using

_ the jackknife procedure for approximating standerd errors of estimate

| in multiple matrix sdmpling is considered in some detail.
. l, A basic requirement in multiple matrix sampling ds that k items
from the @-;tem'poﬁti’iation are allacated randomly to- each subtest.

+
»

' Howével’, in cohstructing the t subtests, four.general item allocation

EEEEPE - ’ . » .
o~

pfoéedures are;possible--each of which is described more appropriately

i & . . - o
as restricted random sampling. The four procédures and concomitant

¢

t
’ restrictions are listed in Tadle 1 and an example of each procedure is

given in Table 2 for' =3 and K = 7. . »
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Procedures 1, 2, and 3 are implemented easily in practice; Procédure

4, however, is mcre diffigult and .the deéree of difficulty increaée; )
. . . * °

with ipéreases in X. Within the .context of the design of experiments;

. Procedures 3 and 4 are reféi;@d to, reSpectiveiy, as a ”par&ially

1

s

often difficult to implement because, for a given. K, no design may

A

."balanged inccmplete ﬁigck" design'(PBIB) and a "balancéd incomplete

-block" design (BIBi,, That which is "partially balanced" or “balanceg"-
by each design is the item»pairing%. In the BiB.desigh, all posssible
. . . o £ o, - . . .

item pairings occur among subtests and they occur with equal frequency;
in the PBIB design; item pairings® do not occur with equal frequengy and,

indeed, some item péifé may be excluded completely. A BIB &esigh is
2. ~ . ) : . s
— e - . )

exist, or, if there is a design, the number of subtests required is
excessively large. Thy.g limitation is most serious when K exceeds 50

even-permitting minor adjustments,in K to fit #n available design. For
. . N\
example, when K = 91 and k = 10, 91 subtests would be required; for

L 713

K= 97 and k = 10, 4656; and, for K = 199 and k = 10, 19701. The first

of these three BIB desikns is cited and illustrated by Cochran and Cox

{ . [N

- *

(1957); the pther two are given by Ramanujadharyuln (1966) and cited by

Knapp (19682). A}tﬁouéﬁ BIB designs have been used on a few oécasions’

14

(e.g., Knapp, 1968a, 1968b) when K was small (K = 43 and K = 12,
4 .
respectively, with Knapp), such designs are ill-suited to large item

. populations. This point is of no minor import because one of the major
reasons for usinfmultiple matrixX sémpling is ibs potentfal for dealing

L4 .
’ hrd

~ with large item populations. Because of this, it-is expected tiat the

-~

’
’ - s -

” Iy :
majority of item allocation procedures in multiple matrix sampling will

. -~

dinvolye Procedures 1, 2, ot 3.

§
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It should be mnoted that, in practice, Procedures 1, 2, apd 3 are ‘ |
- s . T w U

2]

. . .. implemented typically ﬁn'conjunctién with item scfa;ification, that is, ,
. "a stratified-random sampling procedure’is used with the stratification )
, - . T . . ’

7 being on item content, item d{fficulty level’er both .dtem content ‘and

¢ = ) ~

_ . 1] . . " -3
item difficulty level, The relative merits of such'stratification

. procedures have been discussed previously (i.e., Shoemaker and Osbutn, -

. ~

1968 Kleinke, 1971) and are not considered here. . . ' ’ .

. . . of principal ‘interest in this investigat%on were the relative . . '

- . - T ., - . . . Y
merits of Procedures 1 and 3. Procedure 2 was excluded because it is
- - S " - . s : .
used rarely in practice. The metric by whrich these two item allocation
ES P} ‘ . .
; procedures were contrasted was the standard error of estimate,

* METHOD

v

{ ;
‘ . "%  The reseatch design was one of post: mortem it:em-exammee sampling .

i ewith the reqcired data bases generated through,a/c’/bnter simulation

model described'previously by Shbema;er (1972). In post mortem 1tem-
examinee sampliné, various samples of items and examinees aré selected
randomly froin a data base‘(an item by examinee matrix) and used to

Ay ' -

. ‘ .
* estimate parametérs.of the base from which they have been sampled. 'The

T T A . I T Y . AU T U PR U O P T

. b e .
A T T U TP

researcher acts as if only certain examinees have been tested over ' .

o =, . TN

certain items knowing all .the while the results which were cbtained by
LY \ i

a. testing all examinees over all items. . . .

Parameters®of the data base manipulated systematically were:-

.
S P ~

. x

4

-
<

(a) the number'ef test items (K = 40, 60), (b) vatriance of the item

difficulty indices Ab} = .00, .05), .and (c) degree of skewness. in the °

» ¥ _normative distribuLlon (distributed ncrmally, markedly-negativelyaskewed)
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: ‘ : When tne test scores were negat).vely-skewed only O'ﬁ 0 was used.® The
re11ab111ty of the totaL scores'was equal to .80 for all data bases

s . ‘ *
generated The 9 itemrexaminee sampling plans used .are listed in

* -

FA
. . . o7
C- Table 3 A PBIB degign was used only when ci > 0 for .a given data basc.

When gp =-O all items are statistically para11e1 and Drocedu'res 1 and

3 produce equivalent results (and all differenées ohserved between the
- ‘ ) ( )

. . o,

«

..

‘. ' " two procedutres yould be due to the sampling Of examinees). ¥
*I) o - ‘ ' ; : ¢
— - : The parameters estimated were ul (tne mean test score), uo, pj,-pd

e

(the second throngh fourth central moments) and ci The equations used

,; ) to estlmate the moments of the test score dxstrlbutlon were those given

-

by Lord (1960), Gi was estnmated through a components‘of vdriance

analysis. The reSults of each sampling plan were replicated 50 times..

. . - - . '

« « . - . - - \
° 0f addifional concern in this investigation was a continued

» . L o
‘ examination of the feasibility of -the jackknife procedure in approximating

standard errors.of estimate in multiple matrix sampling. A description
L]
\_o£/the facﬁknife procedure and encouraging preliminary results in this

area are”gdven hy Shoemaker (1972). 1In general;,the jackknife operate§

’

on a data base which has been divided into subgroups ‘of data and- gives

a mean estlmate bf the parameter computed over subgroups .and an estimate

v ="
. . of the standard error of estimate.associated with this statistic. A

basic component of the jackknife is the pseudovalue associated with each
- . o s

. Ssubgroup which, for each subgroup, is the weighted difference between

the statistic.computed on all the data and the statistic computed,on the
. - 4 - . .
body of data which xremains after omitting that subgroup.’ Because the”

,pseudévalues are relatively independent of each other, .the standard

¢ b )
Y error of the géatlstlc is computed according to the well-known' formula
- ¥
& . patistic s conputed according ¢ .
! \\\ . h ’ °

R N
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.l‘ o . ) . : . . ‘_, . LI
for the standard error.of a sample mean. If the statistics .computed on . L. |

>
- -

each subgroup are'Weigpted equally, the pseudovalues reduce algebraically . R

to the aferages for .the subgroups, When the jackknife is applied to’
.o : . . s ) . . . ‘ N
multiple matrix sampring there arg t subgroups of‘data but only one [

score (the estimated parameter) for each subgroup with that statlstlc,

. M 7‘ o~
weighted accordlng to the number of observat;ons tk acqulred by that : o
subfest. ‘The jackknife operates .on the statisties obtained from one

gset of t subtests and approximates the'variability of ‘the pooled, estimates

Lo . RN
which would have been observed over repeated replications of the design. *

! RESULTS - ‘ . -

ALT resuLté-are reportéd in Tables 3 through 7. Because the entries

in each Table are interpreted similarly, only those for one sampling pian
.r// . *

in Table 3 will be described in detail. The first thrée entries in the .

-

flrst r>v of Table 3 give theé parameters of the data base. In this case,
> e ..
. . e
“the iten population consisted of 40 items, the’variance of the item,
difficulty indices (p = proportion amswering the i'tem eorreetly) was. -
. . . . ' oo _ .

equal to 0 and the test scores were distributed normalfy.: ﬁé;ng a ' .

>
.

(t = 4/1 = 10/n = 50) item-examinee éahpling‘plan with random allocation
- s . L} s

- .
»

of iteﬁs'to subtests (Procedure 1 in Table 1) and replicating the dampling

' plaﬁ 50 :imesy the standard deviation of -the Sinooledﬁestimates of the

« 5 -

mean test score on the 40-item test was equal to 4695, Fitt& jackkni fed

estimates of the standard error of the mean were produced. Their mean o

°

was éqﬁal‘tO‘.4793; their standard deviation, .2445. If the items for - 3

each subtest had been a%located uging a PBIB design (?rocedure 3 in

.
.

Table 1), corresponding results would.have: appeared: under ipBIB’ iﬂ}the : ot

- . -
’
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" allocation. procedures are'eqhivalent.

“in a decrease in SE(R) when estimating the mean test score; fonﬁthe

- jackknife consistently and markedly oveérestimated SE(R).

-

+*

first row.

.
4
L3

generally the case that

. »”

2
HNone are gi Ven “there because o=

<,

estimate is less when a PBIB design is used,

b
this.discrepancy was greater for the mean test score and decreased,

0 and the two item

-

v

The relative nagnltude of

[

1>

-

bharply for’ success1ve1y hloher dentral moments.‘

combxnatlons of

second through fourth central moments, an increase in k resulted in a
.. 1. ) ..
. 2 ; .
decrease in SE(R); and, for cé,-no trend was discernable.

o.‘-

N

° L -

-

“

A3

* -

Becausé several

it was possible to\examine‘the eﬁfect of certain combinatiéns gn the

standagd error of e?timate. For a given tk, an increase in teresulted
' N . - . . - .

<

‘

looking at the resultszfor SE(R) across Tables ¥ tﬁrough 7, it is

for\eacn sampllng plan, the standard error of »

i

and k (for a given tk) occurred among sampllng plans-

»

~

-

7. : . .
Regarding the jackknife* the fesults indicate that on-the averagg

~
-

-

it did approxlmate we11 standard errors of estlmate.

-

A major -exception,

L)

and one noted prev1ous1y by Shoemaker (1972), was found in estimating

the stahdard. error of the mean test score using a PBIB design where the.

’

-

.

<

y

However,
¢ .

the

jackknife did approximate well the standard error here when a random

. s
sampling design was used to allocate items to. subtests,.

~

Looking at the

-~

' %
results across parameters, it was generally found that, when a PBIB .
design was~used tbe»Jackknlfe overestlmated standard errors of estlmate.
.. . . \
ThlS did not occur whemn a random sampllng des1gn (Procédure 1 in Table 1) \
\
was qsed. The relative discrepancy was most marked for the mean test S
» )
score and decreased in magnitude for successively higher central moments. L,
B ‘o . ‘ - //
v , - - / .
: SN A
- . 8 T A




. / N 2, . . -2 ._‘
- » * " ’

.

‘ ‘ © In'a manner similar to SE (R), the standard devidtion of tié jackknifed -

’ estimates of the standazd error SD(J) decreased with increases inet when o o
Q . o - o 9 rd he . >°.

. \ estimating the standard error of the mean test score and-decreasede R

- . * *
o » a .

<. generallyiwith increases in k when esfiﬂgting the "standard errors” of

-«
4 - N .
X . . . Gy L [ Y . -
‘ the higher central moments for' a given tk:-
- Q. ’ ) . . > Y .
» - ‘ . . - - - .
* -

Lo | ' o ) DISCUSSION | L o

“E
“

N v ) N // @ . . ‘ ,

. . ~ items to subcésts’in multifple matrix sampling is ah importaﬁf considera- -

. \ * r " . ) . hd ’\

e e tiovn. Specificallyﬁ a partially balanced incomplete block deSign lS , Vo

| ' ‘9 \’o ‘. " - Py
“ « The results support the ‘condlusion that the procedure for allocating

preferable to a random allocabion for sampling plamns haVing the same tk. \
M . The superiority of the PBIB‘isfmost apparent in estimating the mean test T }
€ ; ’ 54 R B - N

score and becomes less apﬁaren@ inaestimating higher centrélzmoments.

\" . This reinforce.:.,a conclu51qn made, by Lord and Nov:.ck (1968) that: in / -

% .
- - . N 4 N
- o s, . _ .

,\ ‘ estimqting the mean test score Omitting even one item. has a drastic eﬁfect

P I & 4
&

N i on the standdrd eri&f of estimate. In this investigation, a PBIB de§igﬁ ;

. . . X . N . . .
guaranteed that each of the K itéms was included in some subtest, Such .

i v . . . . ’ . Py -

‘ | . was .pot the case with a randoT_item allocation'yhe;e it ‘was quite

‘ | i possible for cerlgiﬁ items-tb be omitted éBmpletely‘QaB happeﬁeé’to ]

/. [ . ) % : ". ! b ! ?

. , - jtem 2 in Procedure 1 in_Iable’Z). The res@lts indicate that'the’LQrd .

- .and Novick conclusion is applicable to higher central moments bt the
i - 9 ¢

. - Y . . ‘."o N .
o~ expected discrepancies are not as drastic as those expecsted with the . .

:
- N g N @

.- *} mean test, score. L . - .
. Of aéditional inégrést in this investigation ‘was the uez of the -
. . .

- & Jackknife in approximating staqdard errors of estimate in multiple

. ' matrix sampling.. The results reinforce the conclusiqn;draWn by
4 ‘ -

& v

: ¢ h o ! - N » s

» .

¢ ‘ . .- . .
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[ - 7 . . .
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' ' ‘ Shoemz/tker (1972) that: the Jackkn:.r.e can be used for this purpose aand .
also éhed light bgja problem @gntioned‘therein. Shoemaker noted that . <,l \
Lo the’éackknéfe avérastimatéd-the.standardsérror of the mean test score , ) ‘
whea o; = .05 and:ilfmé'&ere allocated to subtests‘using a»PBIB.désign. A ’i 1‘
- .The, resu}ts in Table 3 suggest that the inabxlxty -of the Jackknlfe to K .'. N

T .

e pprforggwell 1n\th\§ case was a functxon of the item allocation procedure.f

- -

For the iackknife t0»be apprqgriate, thékpseudovalues must be independent

(2 -, . * . \\; .
and the results suggest that this rgg?irgment is violated with a PBIB

amet * - ~
. = -

P . : design. Rega¥ding this violation, the j\ackknif'e is pot as robust when
B i . . e s .

’ hsd « o . " . . . LY
. est:imating the standard error of the mean.test ‘score as it is in .
: ___’,,,estﬂmatmg standard‘errors ‘of higher cent:ral moments., 'I’he coneiusion_ '
< . 2 » R S
e seems warranted t:hat:, when op departs 31gn1f1cant:1y from zero and a t
* , . ’ 2 a

,PBIB design is used tg allocate items ‘»t\: shbtests,' the jackknife will

X . - . E 2 - . ;
. ' PR - . ™~ . . . . R !
;‘ approximate conservatively the stdndard érron of estimate in multiple \
- P . - , . B \
» * v ' " 1
- v - N X . ;
matrix sampling. . : . . \!
= - " - ‘ . -~ o ;
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[ TABLE 1 | ) .
Procedures fbr Allocatlng Items to Subtests 1n Mult;ple Mag;lx Sampllng " b
; ‘. »"7, - ‘. ( L . . ' ’ M *
Item Allocétiog j“” . \ .,__Re Restrlctlons On - -
Procedure . Restrrctlons On tk ' K Sampllng of Items -
| . R ] .
P ' z g ISk L L
1. Random Sampling None . W*thout mepracement o .
T . P within. epch ‘subtest : L
. / . - yd —.
I. . : With'replacement I A .
\ / - among Subtestq P
- v I S
2. Partially / tk < K T~ Withqut neplacement S .o
Balanced | ‘ “\\ W1th1n each subtest O
, Incompleté ’ . e - ' '
Block: De31gg N . k ﬁh\gout_replacement
(not all ‘items N $ . amo g<8ubtests '
tested) - TS .
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; R . Examples of Subtests Resulting From the Four Item. Allocation

‘ Procedures. Described in Table 1 Using k = 3.and K= 7.
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