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The use of multiple matrix"sampling (MMS) techniques for program

evalUation purposes has beeh accepted by educational evaluators as a

means of reducing the time and.cdst required to perform pi.ogram eval-
,

uattons (Knapp, 1972).' The usual MMS procedure involves the-admin.'-

siration of a sample of items drawn from a larger item universe t6 a

sample o respondents drawn from a population of respondents. On the

tiesis of thiS information, estimates of popw atioriparameters [usually

the mean (4) and variance (c72)] are obtaine and used as part 0i/the
i

4

evaluation data. It is desirable, of course ,, to estimate4these Para-
,

Meter's As accurately as possible.

,Many investiators'hgvgatempted to identify pro edures for se-
.

Tectin9 a MMS procedure"that will provide the most accu to estimates

of the pppulation parameters [See, 'fOr example, Shoemaker (1970a, .

1970b, 1971, 1972, 1973), Knapp (1972), and Barcikowski (1972, 1974)];

The majority of these investigations have been concerned,with the.: ,

.t

,

selection of a sat of design parameters [i. ., the number of subtests 1

.

.. / -A .

_
.

(t), the,number of items per sub test (k); and the number of examinees,

per subtest (n)] that will yield accurate estimates of the meap-and

variance. Relatibely fecimvestigetions have examined the effects of'

using stratified. random sampling of items rather than simple rand.

\
eamOling of items on the accuracy of these ,estimates., Shoemaker (19731

.
has suggested that when using MMS; items should be stratified by

I

difficulty level rather than content area.' Myerberg (1975) stratified
0

items by difficulty level and then used MSprocedures to draW samples

from a computergenerated data base. Ile found that stratification by



itemrdifficulty'did.not consistently result in more stable estimates of
4%744

./'
the'standard.errori of u and 62 than did simple random assignment. It

was found that systematic decreases in the standard error terms occurred

only when concurrent stratification by item difficulty.and content was

used.

With regard to item discrimin'ating.ability,tarcikowski (1972, 944)

concluded that discriminating ability as measured by the biserial corre-

lation between each item and total test scoreldoes affect the'variability

of the estimated mean. Samples,drawn from a universe with bisirial corre-
ct

lations in the range .05-.50 resulted in more precise estimates of the

mean than did samples drawn from a universe of items with biserial corre-

lations in the .40-.70 range. For the variance, it was found that when

the biserial correlations were relatively homogeneous, the MMS procedures

Provided more precise estimates of the variance than traditional examinee-

sampling proCedures. When the biserial correlations were relatively

heterogeneous, traditional examinee-sampling'provided estimates which were

as. precise as those obtained by the MMS procedures.
.

The primary purpose of this study was to proide additional empiri-

cal evidence related to the effects,pf using st-ratMed sampling of items

in MMS on the accuracy of estimates of the population mean. Two methods
o

of stratification were examined: (1),stratification by item difficulty;

\ . . .

and (2) stratification by item discriminating ability.

PROCEDURES

The method of analysis used in this study was the post mortem
.

approach in which samples,are drawn from-a data base with known

-,-- meters. Sample estimates of.Ih paraMeters of interest are then



computed and compared to the known data base values.

Description of the Data Base

The items used in this study were from subtests of the Iowa

Tests of,Educationa,Development (ITED): mather tics (36 items) and

vocabulary (40 items). These two subtests were chosen primarily be-
,

cause the distributions Of scores on these subtests were known to be

relatively different. Also, the items on each tubtest are indepen-

dent, 0.e., the response to a given item i3 not dependent on the

responses to other items).
1,

During 1971, 16,819 ninth grade students in, Iowa took the math

test (Form X-6). A 1 in T systematic. sample was drawn to give a data

base with N = 600: For this data 'base of 600 thesiollowing values

were found: u = 11 .613 , o 2 = 30:,385,,a= 5,512, 'skewness = .965, and s

kurtosis = 3.680. The range was 32 with a mini'ltum score of one and la

=0!'

maximum score of 33. The reliability (KR 20) for the daii base was

.779,. The distribution was positively skewed and' leptokurtic...
N

The second data base was derived from the scores. of 13,821

eleventh grade students in Iowa /4ho took the vocabulary test (Form

It 6) in 1973. A 1 in f systematic sample was drawn to construct a

data base with N = 600. For' this data base the following values were

found: m = 22.682, c] 2 = 88.328, c = 9.398, Skewness = -.076; and

kUrtosis = 1.971. The range was 37' with a minimum score of three and

a maximum score of 40. The reliability (KR 20) for the data base was

.923. The distribution was slightly negatively, skewed and platYkurtic.

Sampling Procedures

Two methods of sampling were employed to assign items to subtests:

5
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1
\..

(1) simple random sampling and (2)- stratified rando'cii sampling. The

, data for stratifying theitems according tO'difficulty level came frobi.
norms for the state 'of Iowa for the year preceeding the sample data .

camecollection. For the? math test, the normative data came from the 1970..
/

administrationj and for the vocabulary test the data came from the 1972
AI.

administration. The difficulty indices for the math test ranged from .

t. t.

.14 to .67. For the vocabulary test the range was .22 to .78. When

stratifying by item discriminating ability, the item discrimination
, -

indices were taken from item tryout information. The range for these
. ,

_ indices was .25 to .73 for the math test and .36 to .79 for the vo--

.

cabulary test. [The item discrimination indices are Flanagan indices.

The high,and low groups were defined on the basi/---s of the total test

score on the associated subtests of the ITED. See Flanagan (1939) for

further explanation.]
1

.

Table 1 lists 'the sampling plans which were implemented for the

mathematics test and Table 2 lists sampling plans' for the 'vocabulary .-
test,,. 4n these tables, t is the number of subtests,_k specifies the

number of items per subtest, and n is the number of respondents per

subtest. PSS indicates the number of items included in each subtest

from each trata. NS specifies the, number'of strata and IPS indicates
,.

the number of items per strata. Those sampling plaps with NS = 1

obviouSly did not involve stratification., The sampling of items I

within strata was dorie randomly. For example, when sampling from the

math test, if IPSS = 6, NS = 2, and IPS = li4 this indicates that the

36 item math test was divided into two strata of 18 items each. For

purposes of illustration assume that t = 3, k =.112, and n = 20. In
;\',

thisinstance there are three subtests of 12 items each with six items4
co

6
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rrandomly selected'from each strata composing a given subtest.'

Certain relationships of interest exist among the parameters of the

sampling plan:

(t)(k) = (NS)(1PS) = K

where K it the total number of items in the universe (a).

and (IPSS)(NS). = k (b)

Equation (a) shows that the ii ber of sub'tests multiplied by the number

of items per subtest is equal to the number of strata multiplied by the
111'

number, of items per strata which ii'equal to the number of items in the

universe. Equation (b) shows that, the number of items per subtest per

strata multiplied by the number of strata is equal to the num0 of

items per subtest.

Each' sampling plan was implemented twice; first stratifying by

difficulty level and then restratifying the items according to,dis-

criminating ability. No attempt was made to stratify the items con-
.

currently by difficulty level and discriminating ability sincein an

applied evaluation setting concurrent stratification would most likely

be carried out o the basis of either difficulty level Or-discrimi7

nating ability and content. Since the items comprs.ig bop data,
y .

bases are relatively homogeneous with regard- to content, stratification

by content did not seem reasonable.;

For all sampling plans, the sampling of the item universe was

exhaustive and without replacement of items for'the constructidn of

each subtest. That is, an itemhassigned to a particular subtest was

not returned to.the item pool before constructing the,next subtest.

This procedure assured that evcry item appeared on one subtest and all

7
ro'



.items appeared an equal number of times among the subtests which is in

accordance with the guidelines proposed by Shoemaker (1973). The

samplinp of students from the popUlation was done randomly so that

each student's,response was included for qnly, one subtest. ThiS was

done because it is unlikely that in an applied evaluation setting a 40

given'student would respond to more than one subtest while some,stu-
,

dents would not respond to any subtest. Therefore, the sampling of

both items and students was exhaustiielince all items in the uni-

.

verse and all students in the population were utilized.

Indices f Accurac

In Est evaluation studies the major parameter of interest is

the p'. lation mean; u. This study was concerned'with the accuracy(of

sdifferent.,methods of estimating u. The actual. estimate of the popula-
r

tion mean was accomplished as follows. First, for each subtest,

*was estimated using the following formula [Shoemaker (1973), p. 27]:

n k

us = (K E E X4.)/nk
j=1

.

where us = the estimated mean universe score for subtest s

K = the number of items in the univrse

n= the number of examinees who respond to each subtest

k = the number of items per subtest

X = the observed score for individual i on item j.

'( 1 ) ,

Then, tie estimates from each subtest were pooled using the for-

mula,below [Shoemaker (1973), p. 38] to provide a single estimate of
A

8
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the universe mean:

r

t

E .ul us
s=1

P t

0

s=1

A

where, Ili) = the pooled estim.te of the population mean

t = the number of sy tests

Os z nsks; the number f observations per subtest.

The accuracy of, these
/s^

what related indices...

The first of these was la

follows:

SE(11P) 7

(?)

estimates was examined using too some-
,

eled SEGO and was computed as

N'EPS

E1 (11P 11-.)2

(NREPS - 1)

1/2

where 11
P

is the mean over replications of the up values.

The seco index of accuracy was defined as follows:

-NREPS

E Fin -.111
T = p =.1

1

NREPS,)

SE(113) indicates how closely the estimates Of u cluster around the

average pooled estimate (up) and T1 Niicates how closely the estimates

of u cl'uster er4Ound the true data base mean. Although.these two 4.1141ces

are somewhat-di ff9rent, they are highly related since the 11 values

(3),

4
(4)

.11111.,

9



are unbiated estimators of"u.

Both the,SE(u.) and the 4, values were used to compare the ,

-r

stratified and nonstratified MMS plans. For all comparisons, the

values of t, k, and n were heldc'nstant. For example, in Table 3,4

plan 1 (nonstratified) was 'compared with plan 2-(stratified), but

_iPlan 2 was not compared Ott- plan 3 (nonstratified) because the''-

latter two pled involve different values of t, k, and n..

4
RESULTS AND CONCLUSIONS.

The results of the.yarious sampling procedures are listed in
4.

tables 3, 4, 6, and /.- these tables the design parameters of the.

sampling plans are spec fied by the number of subtests (t), the num-
4

ti

berof items per subtest (k), the number of examinees per subtest (n),

.the total number of observations (0),,the number of-items per subtest

from each strata (tPSS), the number of-strata,(NS), and the number of

items per %trate (IPS). The column labeled'll is the estimated value of

.11 pooled over replications, SEGO* indicates the standard error of 11,..
F.

-[Equation (3)] and T is defined by Equation (4).

The column headed STRAT indicates the,method of str'atificatioR

with NO indicating that the items were not, stratified, DIFF indkating,
-

,stra

wer ratified by item discriminating-ability. The last column shows

the numbd of replications of the sampling plan (NREPS).

fcation by level of item difficulty and DISC showing that items
4

The results for stratification by difficulty :level of the math

test are gtsented in Table 3 and the results for the vocabulary test
,

are contained in Table 4. As noted previously, stratified plans were

,compared with nonstrttified plaris holding t, k, and n constant. For

10
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example, considering the math test stratified bidifficultyevel, plan

1 (Table 3) was compargd with plan 2, plan 3with plans 4 and 5, plan 6

with plans 7 through 9, plan 10 with clans 11 and 12, and plan 13 With

Tans 14 through. 18. -.The results of these comparisons are summarized in .

Table 5 Where the numbers in the table indicate,which yp of,sampling

plan yielded the smaller value for each of.the-two ti isti s used as a-

basis for comparison. For example, with SE(u ) as the erion, eight,

of the 13-comparisont show that the stratified plans p qduced smaller

values of tE(.1 ) than the comparable nonstratified p ans.

The data in Tables 3, 4, and 5 do not provide.c nclusive evidence

favoring Stratification, brdifficulty level when assigning items to sub-
-444

tests. These results generally support Myerberg's, (1975) contention that .

stratified random sampling of items by item difficultydoes not nees-
,

sarity-result in more accurateestimates of the mean than simple randoSil-

samplin6 of items.

The results of stratification by item discrimiftating_ability for

the math test are listed in Table 6 and the resUldvfor_the vocabulary

test are presented,in Table 7. Table 8 summarizes the comparisons

between the stratified and nonstratified,designs. Again,-neither type

of sampling -plan consistently resulted ,in.more accurate estimates of 1.1.

However, there was a slight tendency far the stratified sampling plans

for the vocabulary test to produce more accurate estimates than the.

simple mndomCsampling plans.

1

4.
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1
Concluding Statement.

Generalizatibns from the results of this study must be made very

cautiously. Only two item universes were studied. Furthermore., ,the",

, .

number of replications used to estimate the accuracy of the two MMS

.

procedures was'txtremely small for studies of,this type. Nonetheless,

these'results do provide edditional date reTated to the.effects of

using item stratification procedures in MMS. In general; these results

fhdicate.that stratified sampling. of items ether by item difficulty

level or by item discriminating abil,;ity does not consistently yield..

more'accurate estimates of u than does simple random sampling,

1.2
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TABLE 1

Stratified Sampling Plans Impledented

for the Mathematics Test

r

Plan t ,k n IPSS NS* IPS NREPS**

1 12 3 20 3 1 36 10'

2 12 3 20 1 3 12 5

3 9 4 20 4 '1 36 10

4 9 4 2Q 1 4 _ . 9 5
5 9 4 20 2 '2 18 5

6 6 20 6 -1 36 la
.7 6 6 20 1 6 6 5

8 6 6 20 , 3 12 5

9 6,%p. 6 20 3 2 18 5

.10 4 9 20 9, 1 36 10

° 11 4 20 1 . 9 4 5

12 4 9 20 3 3 12. 5

13 3 12 20' 12 1 36 .10

14 3 .112 20, 1 12: 3.. 5

15 3 12 20 2 6 6 5

16 3 12 20 3 4 9' 5

17 3 12 20 4 3 12 5

18 3 12 20 6 2 8 5,

Sampling plans with NS=1 did not involve stratifica-
tion.'

** The difference in NREPS between those,plans with
NS=1 and NS>1 is'due'to the heed to reduce, computer
costs.

-14.



TABLE 2

Stritified Sampling Plans Implemented

for the Vocabulary Test

Plan t k n IPSS 'NV; IPS NREPS

1 4 10 20, 10- 1 40 5

2 4 10 20 1 10 4 5

'3
4 10 20 '2 5 8. 5

4 -4 10 20 5 2 20 5

5 5 8 20 8 1.
40' 5

6 5 8 20 1 8 5 5'

7 5 8 20 2 4 - 10 5

8 5 8 20 4 41,
20 5

9 8 5 20 -5 - 1- 40 5

10 .7 8 5 20 1 5 8 5

11 10 4 20 4 1 40 5

12 10 4 20 1 4 10 5

13, 10 4- 20 2 2 20 5

* Sampling plans with NS=1 aid not involve stratification.

15
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PLAN

1

2 i

.1 3

4

4

s

5

6

7

8

9

10

11

12'

13

TABLE 4

Results ofStratification by Oifficulty Level

in Assigning Items to Subtests - Vocabulary"(us22.682)

up -SE(up)

e
vt

15

1 E
s

t

4
k

10

n

20

0

800

IPSS i NS IPS

10 '1 '40 22.080 1.403 1.236 NO 5

1 10 4 21.780 .106 1.229 OIFF 5

2 5 8 21.980 1.667 1.496 OIFF.- 5

5 2
.......,

.

20 21.930 .629 .752 OIFF

1

5

t k n 0

5 8 20 A00

, IPSS NS IPS

8 1 40 21.980 .666 .- 524 , NO 5

8 5 23.840 1.110 4° 1 311 OIFF 5

2 4 10 23.070 .925 . 1,4 c ° OIFF 5 1

4 2 20 2Z.850 '.;96 1 OIFF 5

t k n' 0

8 5 20 . 800

IPSS NS IPS / .
.

4

1

1

5

40

8

.22.900

22.180

(.604

1.002

.524

<7.-- .896

NO :

OIFF

5

5

t k n 0

10 4 20 800

- IPSS NS IPS

4 1 40 22.2802 ..762 .716 NO 5

1 4 10 22.280 .565 .516 OIFF 5

2 2 20 22.470 .487 .426 OIFF

)
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TABLE 5

Number of Tithes Nonstratified Sampling .

Plans and Stratified (by Difficulty Level)

Sampling Plans Had Lower Criterion Values

MATHEMATICS .
VOCABULARY

STRAT NO,STRAT STRAT . NO STRAT

SE(11)' 8 5 4 5

-T 6 7 4 5

1
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TABLE 6"--

Resu t

4,37s

of Stratification by Discriminating Ability

in As i \ng Items to Subtests - Mathematics (e11.623)

PLAN ;IP SENO _

o.

1

2

t
12

k
3

, in

20

0
'720

,

,

11.620

12.040

.648

.506

.399

.506

NO

DISC

$ 10

IPSS

.

3

1

-'

NS

1

3

IPS

.---
36

12.

t k
.

n 0

9 4 20 720

IPSS ms IPS

3 , 4 1 36 11 320
, ...,

.618 .489 NO 10

4 1 4 9 11,950 .624 . .505 DISC 5

5 2
1

2 18 11.500 .341 .286 DISC 5

t k n 0

6 6 20 720

-IPSS NS IPS .
.--,

6 6 1 36 11.495 .571 .465 NO 10

J

7 1 '. . 6 6 11.380 . .712 .605 DISC 5

8
i 2

3 12 11.270 i .524' .461' DISC 5

9 ,..,
/

3 2 18 11.940 .551 .526 DISC 5

t n 0

20 : 720

IPSS NS IPS

TO 9 1 36 11:595 .525 .450 NO 10

11 1 , 9 4 11.780 .682 .566 DISC 5.

12 1 3 3 12 11.380 .982 c.865 'DISC 5

t k n 0

3 12 20' 720

IPSS
.

NS IPS -,

N .
.

13 12 1 36 11.745 .728. .576 NO 10

14 1 12 3 11.130 Asp .493 DISC 5

15 2 6 6 10.760 , 1.060 1.034 . DISC 5

16 3 4 9 12.180 41 .629 .727 DISC 5

17 4 3 . 12 11.580 ..670 .456 DISC , 5

18 6
4,

2 18 11.250 .627 . .535 ;,, DISC 5

4'A
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t

4

,k

10

IPSS

10

2 1

3 2
4

4 ' 5

5 ' 8

IPSS

5 8

6 1

7 2

8 4

TABLE 7

Results of Stratification by Discriminating Ability

in Assigning 1;ems to Subtests - YOCabulary (u=22,602)

,..

t
8

IPSS

a 5

To

t k
10 , 4

IPSS

11 4

12 1

13 2 1

SE(1p)
7

n 0 I.

20 800

NS IPS

..,,

,.

1 , 40 22.080 1.403 1.236 NO 5

10 4 '22.580 1.406 1.204 DISC

5 8 21.920 1.201 1.1'49 DISC* , 5
4 a

2 20 22.610 .214 .159 DISC 5 ,

20
0

800

, NS IPS

1 40 22.980 .666 .524

8' 5 23.460 .319 .778

4 16 22.880
.

.629 .511 ono, 5,

2 20. 23.2100 .970 .664 'DISC 5

n 0
20 800

NS . -IPS
.

1 40 22.900 .604 .524 NO 5

tt 8 22.410 .708 .586 DISC

n 0
20 800

)
NS IPS

4 b

1 40 22.280 .762 \.716 NO 5 ,

4 10 22.490 .558' .374 DISC 5

.2 20 22.070 `.622 .612 DISC 5

V

2'0



TABLE- 8

:Numbers' of,, ime§ Nonstratified Sahli) ling Plans

and Stratified (by Discrfminating Ability)

Sampling Plans Had Lower Ci.ittrioll,Values

rsEco:

I

A
MATHEMATICS VOCABULARY

STRAT NO STRAT STRAT NO STRAT

8 5 , 6. 3

6 7 -6 3,,

O

21

..


