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. . IR ’1. INTRODUCTION

N s

Deslgn}?fflciency studies are conducted to'determine whether*s?mpling
‘procedures Bave been:effecti:e and what sample design prowades @;nimum':
éost for a élven variance. The results from thé design efficiency

r . J

' studies are used to plan future assesémenés.

.

The National~Assessment 1n-school sampling design 1s a three-stage

stratified design. Stratification variables include region, size of

community (SOC) and socioeconomlc‘gtatus (SES). The three levels of

sample selection are PSUs, schools and students. In general, twe and

" )
"+ sometimes three PSUs are selected from each stratum for variance estima-
L tion. The stratification variables ate assumed fixed and not subject to

change; therefore, the problem of finding the optimal design is ,reduced

to finding the number ofoSUs, schools and students per stratum that
' . ¢ . 7
v . -
- will minimize cost for a given variance, One of the objectives of the.

v »
)

design efficiency study has been to determine the "optimal" values of

these parameters. e I

- If only jone statistic 1s used, the solution for the optimal design
\ N . - , . : .
. 1s well ‘known (Kish, 1974). ]t 1s rare, however, in any survey to have

I3

o ondy one statistic of interest. 'In the past, the best optimality criterion

0

for many statistics was not obvious: Some possibilities that haveibeen

‘.

» tonsidered are: 1) the design that has minimum avefage variance at the
\ . ”-
given cost; 2) the design with.maximum average efficiency relative tox

ape separate statistic optima; 3) the design with minimum average loss
) ! . . . ...

(1nverse efficiency); and &) the design that minimizes cost subject to
t .

. variance tonstraints for each of the separate statistics. \\

ERIC | v |
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"+ The ave le ©f several quantities 1s meaﬁingfhl only 1f all the

quantities ardfgmeasured on  the .samé scale with similar units. The

variances of diiferent statistics would ‘be measured on different scales;
. a\

-

hence, the m1qﬁﬁun averafp variance does not seem to be a meaningful
Y . ‘&

-
.

jed."This efficiency is a rat16 with numerator edual to 1
[ A
the m1n1hum varlﬁnce that can be achieved by the optimal design for that

criterion. To -fv01d this problem, the efficiency for a particular
statistic 1s delg-n

. statistic and the denominator equal to the variance of the statistic for-
E ¢
the given de51gfi The probltm now is what criteriom can-be formulated
y . P ' :
for optimallgy, ~ased on the average efficiency. A, possibility is to

n -

-find the designg@ith large average efficiency at ‘the given cost with
small variance of,"efficiencies over all statistics fer this design. The
trade-off betweeﬂfthe maximum, mean and minimygh variance of efficiencies

L .

is not easy to dgglne. This criterion was used 1n-‘the Year 3 efficiency
k)
study {Shah, Folsom, Clayton, 1973).

_Kish (1974) has advocated inverting the efficiency to form what he

. 4 L
calls the loss fupction of a particular design. The advantage of Kish'sg

(1Y

loss function approach is that a simple analytic solution exists for the

]
minimum average loss where the averaging may be weighted. This 1s the

~
.

optimel criterion-used 1n the Year.7 efflciency study (Sherdon, Folsom,

* . .
Clemmer, 1977)..
e o 1 o '
. While minimizing cost subject to ,a set of varifnce constraints for
Cy )
key statistics provides an appealing solution, €fficient computational
“algorltﬁms for obtaining such solutiops have not generally been available.
Such an afgorlthm”wés recently derived, and softwa;E\gor 1ts implementa-
» ¢ \ -
’ tion was deyeloﬁed by Dr. James R. Chromy. This method will be used 1n
L : e CO -
the présent study.
y .
) ~ k) * >
< t; .
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To determine bptiﬂ‘i designs estimates of the variance and, cost

+

L

component associated with each stage of'sampling and statistic of inter-

est are necessary. Following a brief overview of the sample drawn for

Year 11, which will be presented in Section 2, we outline the cost moflel

developed for the purpose of the»bresent study in Sectron 3. Section é'

describes the statistics which were selected for analysis, and Section 5

' »

derives the corresponding variance and covariance. component models.

Finally, Section '6 describes the optimization pxocedure uded, and Section 7

’

0y
A

provides a summary of the results. . .
¢

—y

) .
y .
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2. SAMPLE OVERVIEW

~

The Natiortal Assessment sampling designiis a three-stage stratified
probability samplé. Stratification variables 1include region, community

» . .
s1ze, and socioeconomic status. ' An overview of the general sampling and,
e

_ weighting process 1s included, here for fompfetenéss’ and reference.

The National Assessment sample 1s designed to be representative of
stuéents 1n three age tlésseé, 9-, 13-, and 17-year-olds, in all schooils
and communitles\ln the natléA. It is also designed to produce, for a
Varlety of subpopulations, ferformance estimates which are.relatiyely

unbiased and which meet certain precision requirements.

Primary Sampling UnltS“(PSUS) are geopraphic land areas consisting
are randomly selected on a probab}llty basisiso that every county and
«every state i1n the United States has a positive chan;e of being incluged
in the sample. ’_ v

At the second stage of s;mpll : a list of all schools, both public
and private, within each of the r ected PSUs 1is develogfd and a pfbb;bi-
lity sample of these schools 1s selected for~each of the three age
classes. The number of schools selected in each PSU is determined by the
approximate number of students 1n:the eligible age group attending each
school. Schools are selected in such a &ay that any given thool will
not appear 1in the sample more than“ﬂeé in a four-year period. In most
years, about 1,600 schools are selected; the number selected in ; partl-.
Qplar year AepEndé upor: the number of distfinct packages.,

The t@lrd and final stage of sampling is the selection of a random

sample of students from the eligible age group at each selected school. -

 J . ' ,
A total of approximately 2,600 respondents is obtained for each National
k4 -

s ’

of a single county or several counties. Each year gpproximately 83 PSUs ..

’

-
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Assessment package® Geﬂekall;, the students ére selected from.one to
eight.schools'withih each selected’ PSU for edch of the three ageﬂgroﬁps

- being assessed. - 5
1 )

Selected students who do Qot show up for assessment are termed non=

respondent's. Response rates for 9 and 13-year-olds tend to average

about 85 percent, whereas.the response’rate for 17-yearrolds averages 73

percent. Seventeen-year-olds who miss their appointments are followed up
in school the day after the assessment. Seventeen-year=-old dropouts ,and

early graduates are located in their homes and administered packages.

-
«

. According to census data, about 10 pefrcent of the 17-year-olds are not

-

enrolled 1in school. Including these out-of-school individuals in the

~ target population enables National Assessment to apply its results to

4
the entire population of 17-year-olds rather than only to 'hose enrolled

in school, ‘The assessment of dropouts and early graduates is termed the

Supplementary Frame Assessment.

Sample weights adjusted for nonresponse are computed for each age

o
a

class. The weights are calcdted as the reciprocal of the appropriate

selection probabilities. Sample welgﬂzs‘are used_to calculate ratio

estimates of the proportions of population members who’resp%nd in alterna-
. ¢ » . -

tive ways to assessment -exercises. ,So that the proportion of population
,members .who respond in alternative ways can be calculated based on

community location and occupation of parents, the assessment data are

postclassified into seven size and type of community (STOC) catego;ies.
Each yfar from f%,OOO to 100,999 persons ére assessed in one or .

more 1earn1ég areas normally taught in schools. In the past, NAEP has

conducted major assessments in art, career and occupational development,

\
citizenship, literature, mathematics, music, reading, science, social

L4 ’

Y
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., . studies, and writing, and six of these areas have already peen reassessed.

B

Year 11 of the project (1979-80) was the third a§sessmed in the areas

.

. of reading and literature. .
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- 3. COST MODELS -

1

Cost models are used in design efficiency studies to show how total ﬂ?

. survey costg @oqld be affected by changing some of the design ba}ameter§¢
1 \ . « -
ExPerience<in any given survey at a fixed lewvel of the design parameters N o

does mot usually provide any directly useable data base for estimating
* the parameters of a useful cost model. - .

For NAEP, the budget prepared for any given year was allocated to the

»

‘ following five categofies; . '
. 3 oo
< 1. Packages; »
" 2. Travel points; : ) . '/?
A ’ ) :
t 3. Schools; . ’ .
4. AdminiStrative sedsions; and ' , A '
-~ N 1 . . .
5. Students.
In. addition, a non-allocated or fixed cost component was ddentified. \
o. /
‘ The cost model parameters estimates are only applicable within certain
limits and assumptions based on current NAEP operating practices, A few
of the major assumptions are listed below:
. . ’
1. The current schedule of 13-year-old assessment in the .fall, .
, 9-year-old assessment in January and February, and 17-year-old
N ‘ assessment in the spring is followed; - ) b
~ \\ 2. . Any travel point in the sample for one age class absessment is |
‘ also included in the other two .age class assessment at the
same level (same number of replications of each package admini-
~ } stration); ) ' .
3. -No more that ten group package sessions may normally be assigned / )
to a single school; ’ /
. ) -
4. No more than 25 students (expected response') may be assigned
to a package session; and . . *
5. Each package will conmsist of no more that 45 minutes of paced

tape exercises. f :




. : o ~

-~

Any departure from these assumptions may require revision of cost
’ . \]
- v . \ .
model, parameters. \\ .
2 * t

Allocation of 1978 Budgets.

N v

Administratfon. The major portion of the variable cdsts of an-in-
L4

school .assessment is associated with the fiela work required to gain
cooperation and collect.ghé NAEP package data. Furthermotfe, a large
pbrtioﬁ of this budget is associated, directly or indirectly with the
off—sfte._staff of District Supervisors (DSs) and temporary Exercise

Administrators (EAs).

» ° .

~
-~

Table 3-1 shows the assumed allocatlén of DS and EA time. The

»

-

allocations are based on:

— 1. The technical proposal for the-period; v
2. _The usual operating practiEe as defined 1in the Year 09 BS .
Manual; and !
[y ! * -
- 3. Q\Updated District Supervisor (DS) expense reports.
. A ‘ ¢
Fiv;\vériable cost categorieé (packages, travel points, schools,
administrative sessions, and students) are identified in the overviewf/

L4 - . —

In analyzing the budget, it was noted'that many cost items relate directl
nalyzing 8 y y

A N
to the number of Distfict Supervisors required to conduct the assessment.

¢ : ~
i Table 3-1+s 'Pefcéntage of Time Allocated to Different ' .
. : Acﬁ}vities by DSs and EAs %
Activity ‘
\ v .
Tetal - Travel Point Schools Sessions Stugents
\ ' ’
DS 100 22.8 56 .6 ‘7.7 12.9
EA "100 | 12.6 2001 37.5 29.8
y] M
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) . A”spgcial.patégor§ called "DS-related" was used tOAaccﬁﬁulatg all such 4
| ' qpsts. ‘The total in this category was then allécated to variable, cost
'/- , cat%gqries‘according to the percentage dis;ribut{bn shown in Table 3-1. ’
Costs not allocated to ‘rfy ‘of;«%riable cost’ categories beloné
N & o
\ " : ¢ . ' ] ! ) ‘o
in the fixed cost or setup.category. The general approach to allocating
- < . - R N N
] ) . budgeted costs’ is discussed by category in the fq}lowjng parqgraphs.l /}
by -, ) v . -~ . - ) ) ! | . - £
.o . Costs placed "initiallyg in the "DS-related" category included: =
* ) -t ' * ' ) & ‘ ) ' . ! . ’
B o (1 Fift%' percentm of labor costs for the asspciated project director
. for admin&§t:@tiod,‘the_fleld director,*amd the administratiye-
A . seoretarial support;, B
N , : ’ .
. R ’ "i -
() Ezéhty-five percent oé_the labor costs fé! the reg®onal super-
. ‘visors, the admipistrative coordinator, and the survey assistant;
— . _ ’ ‘ } . ‘
. (3) All DS labor costsj: : : '
“ L. P . b )
, (4) Duplication of cassette group tapes; ° .
(5) lHelp wanted advertisng costs; .
: ) (6) DS reloc%ion expenses; ) )
€7) Supplies including ring-binders, ji1ffy bags, date books, and )
. corrugated boxes; S
;; e (8) Shipping and communication costs of DSs including mailings to ,
" and frqg DSs, shipment of reports, ‘and postal cards; =
(9) Central -staff travel to supervise DSs, to copduct quality
.checks, to recruit new DSs, ,and to tgain DSs (exctluding
travel to the annual training session); . .
(10) DS travel-to traininé sessions and to debriefing sessions; and
Ty ’ {11) " Seventy-five percent of pri%ting “costs for DS manuals and
SO demonstration packages. -
Cu ) Céigs allocated to pack)!ps included: "
§ ‘ ’ . (1) Ninety percent. of the labdr costs for the proofing and tape
. coordinator; and : ’
- . . - -
. . (2) Production costs for magnetic tapes,
: @
) ,' _Costs allocated to travel points included: a

-
-

(1) 22.8 percent of items injtially allochted to DS-related expénses;




(2)

RE))

~

.—

DS travel to and from PSUs to conduct assessment; ‘ .

?

DS travel to and from, PSUs to hold introductory meetings; and

(4} 12.6 percent of EA services.

Costs aldocated to schools included:

(1

(2)
\ 4
(3)

(4)

(5)

(6)

(7)

- (8)

(9)

[}

56.6 percent of items initially allocated to DS-related expenses;

Fifty pércent of computer programmer lgbo; costs, &

Supplies expenses including envelopes, mailing.tapgia mailing
labels, stationery, portfolios, and SLF storage &nvelopes;
Tomputer costs including usage'chafges, magnetic tapes, and
print ribbons; : . . '

°

Shipping and communications costs for school mailiﬂgs and for
toll calls to schools; . I

Central staff travel expenses for large city contacts;

v ~—
- ’ e y
DS travel within PSUs to conduct assessment;

DS traval within PSUs to conduct introductos meetings;

Seventy-five percent of_printing costs for infroductory magsr-

ials, memoranda, schodl official questionnaires, and schgpl -,

worker®; )
. ' -
20.5.pércent of EA services; and

expenses.

¥

‘Costs ;1lochged_to administrative sessions included:

(1)
(2)
(3)

(4)

(5)

cent of cost budgeted for 1979);

7.7 percent of DS-related expenses;
A,
Tape recorder repair expenses;

- ‘ -
Depreciatiog of cassette recorders (approximated by twenty per-

- ’

EA manuals, and EA administrative instructions; and -

37.5 percent of EA services.

Costs allocated to students included: ~

(1)
(2)

12.9 percent of DS-related expenses;

Supplies expenses for pencils and art materials;

I

-

- Seventy-five perceﬂt printing costs for administration schedules,



. . /
(3) Sﬁipbing cosés fer bus and freighg shipments; ’ //
(4) Excess baggage/{i;rges for DS travel' ’ ) /
(5) Sevé%ty five percent of printing costs for studegt llsélng
forms (SLFs) and parental permission forms; and 4
(6) 29.8 percent of EA services. !

I .
Based on these allocations,

the 1980 variable administration costs

determined as follows (numbers are rounded):

 Variable cost associated'with ™ °

"Package éetup !

Travel points, ’ ‘

Schools

.

Administrative sessions (35 min.)

Students .

amEling

Amount
__Amount
$1,200.00

2,816.00
292.00
13.41

1.57

Sampllng costs constitute a much smaller part- of the

total budget. Variable sampling costs were assoc1as7% with (::;;ry

sampling units and with schools.”

various design configurations agtually considered prior to implementation.

Budgets for

-~

980 were examined under

1

Results of sampling cost component estimation for the Year 07 design

.efficiency studies (Sherdon, Folsom,
Based on these considerations,
levels were developed:

.Task

Clemmer,

PSU component

1977) were also exémined.

the following variable costs at 1980

»

2

School component

Select school sample
Package assignment
‘Weights

Total .4 . o

e -

$140.00

S$11.64
43.05
9.31

64.00

-

P
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Print and Sdori@g. Only approximate variable costs for the printiﬂg

/
L

. and scoring comppnents are included in the model: for package setup,

$10,000 and fof .stydents, $1j23. Sgoring costs can vary Wwidely
depending on”thg mix of hand scoring’and~direct optical scanning.
4
. ) . Variable cost components are summarized in Table 3-2.

- .

. Table 3-2 _Variable- Cost Componeétz.Summary: 1980 Levéls:

-~ P v, N .
Name ."| ) Symbol Amount
Fixed e Cd $271,000.00
Packaée setup #* - Cp ' 1,200.00
Travel points & ) Cl . " 3,056.00
' - - a X )
. ] Schools . e ' Cs 356.00
Administrativqtsessio%s C, 13.41
”
] { .82
Students (ed1§ & score;\‘)/ Co ‘ 4 2.8
-~ /\‘ L]
;s Relation of cost and variance models. In order to seek optimum
v )
design~configurations, Cost and variance mddels must be stated 1n terms
- - " “
+ of the same design parameters. Basic de51gh parameters include the

number of primary sampling units (ﬁgUs), the number of replicates per
jf B PSU, and the. number of giudenis s;hpled per replicate. The term '"replicate"
.- ‘ i§ used to denote the number of group administrations planneé for each
\ group packiée witH a PSU. Since all packaggs cannot be administered in

each samplé schoél, the number of schools usually exceeds the number of

¥ . L
replicates.

[
.
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The cost funcg}én ha¥ been found to be very sensitive to the number

of schools. The variance funtion (for- group packages) is difectfy
*

.

affected-bnly by the number of replicatésf The number of échoois which

must be selected, on the average, in each replicate depends on a number o

of factors:

" (1) The number and type of packages assigned to each age class;
!?) The ‘number of students selec¢ted per package;

(3) The distribution of school sizes in terms of age eligibles;,

and

\ . -
' -
(4) -‘Any administrative restrictions employed to limit the burden

placed on individual schools.

‘A number of models relating the number of schools per replicate to
package configuratioh; and sample sizes were studied using .Year 0l
througﬁ O9hdatéf I't was noted that the nﬁmber of schools per replicate
should be at least one even if only one patkage was, Qsed. The fo£1;w1ng

model was selected for rts fit to the data and for 1ts intuitive appeal:

' s, = Max[l,blaGa] - (3.1)
where :
s, = the average number of schools per replicate for age class-g,
f and :
N 4%3 = the number of group packages assigned for age class-a.

The valuye bla was obtained for each age class by ordinary least squares

fitting of the model )

s = b e (3.2)
a la a . ’ ‘ ¢

to. the Year 01 througﬁ 09 data. The model 1gmpores the.sample size for
group package sessions; this assumpﬁxon would be unrealistic 1f the
group session size could vary without limit. In practice, scheduled

*

sessions for more than 25 students have been difficult to manage. Allowing
. . .

N\ . / - .‘

[N
LY
-




» -
- for nonresponse and some var1ab111ty in ass1gned ;sample sizes to achieve ,

- we1ght stability, an average achieved sample size of lé‘jtpdents per

A

group session 1s considered near the feasible maximum. Year 01 through

.

, 06 assessments were targeted for 12 respondents per group package

session; ¥ear 07 through 09 assessments were taﬁfeted for 16 respgndents

per group package session.

- " Since the clustering effect For individual packages 1s less than
7 .
that for group packages under the sample allocation schemes normally

employed, the sample 'size per replicate for individual pgckages should

v

be less than that for group packages under equivalent precision require-

ments. / s/
[

' #

- " Estimafed values for bla based on ordinary least squares fits were

I’

as follows (standard errors are indicated in parenthesis):

. . o
: L -
Age class la
. 9 (a=1) .418 -(.030)
* 13 (a=2) .312 (.024) ,
‘17 (a=3) B 2 (.013)
Cost model par;meters; A number of cost models suitable for studying

"

alternative design configurationé can be' developed from the data 1n
. Table 3-2, If the assumptions outlined above hold, a cost model can bé
' stated in terms of the number of PSUs, replicates, and students sampled

- per package as follows: ~ . - .

AN

3 3
) . . C = C t 0y C + nlnzC2 “inn2n3 51 GaC3Ga
1 4
. . | = C +n C + nln2C2 +~nln2n3C3 (3.3)
- where, ' ’
£_= totaly . . -
. C0 = fixed cost component {(may be a function of mumber of packages);
Cl = cost associated with add1ng one PSU;
\)‘ “ . .L3 )

14




J

C2 = cost” dssociated with adding one replicate; . «
. ~ : /
h . C3G = cost ,associated with adding one respondent to a grbup‘ié551on
a at age class a; / .
3 ) .
"C,= I G C o 4
\ 3 —, a 3Ga A& : -t
a=] ‘ ) .
n, = ?umber of PYUs; .
S~ »
n, = number of creplicates per PSU; .
- n, = number of student respondents per replitcate per group package. #

The value of.Cf is stated «in Table 3-2 directly; C2 and C3G ca; hé
determined from the values in Table 3-2 and certain assumed relaiionships
of cost model and variance model parameters.

The value of CZ’ costs associated with adding bﬂe replicate, .can be
stated .as functions of the school cost component, Cs; the estimaied .
regression parameters gla’ relating numbers of schools to nu@bers of
packages; the number of group packages, Ga’ for each age group a; and
. ) o |

the administration session cost, Ce' Symbolically, CTan be expressed

.

as
r/’
o { 3 3 . :
Czl=C 2 G +C Z b, G (3.4)
(. a a ] la a. -
a=1 a=1 .
The student cost component, C3G , for group sessions can be expressed ’ .
a .
in terms of student ‘e@iting and scoring costs (d:). Assuming cost
’ structures are approximaiely the same for all three ages,

. « : c.'=c " | (3.5)

. ‘ ' 36 e - / '

a P
L ae
% Finally this yields
. N . .
) P - C, = $13.41(Gy + G .+ G3) , ‘ '

. +§356.00(.419G, + 3126, + .2126,]. (3.6)
) Che =$2.82  (a=1,2,3) - S ¢ D

. a « ’ .fﬂ, ‘ -

- = + N e 3.8

‘ C, = $2.82 [G, + G, + G,] .o (3.8)
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Three cost models were entertained. :The first one used assumed a -

"éOxbackége assessment with 11, 15, and 14 group paékageg’for the three _~ .

ordered age groups, -respectively. This is the assignoment used in Xe?r
4

"11." The two other cost models assumed 3 packages per age group and 6

() s .
_packages per age, respectively. The estimated cost parameters for Lhese 8 -

-

three models are-shown in Table 3-3.

, /
(. ,
’ ] : .7 . ) & "
\ B . ' \ o
" Table 3-3. Estimated Cost Parameters \§;q
; 7
?umber of Pas&ages ‘ ¢, . ¢, o C3
11 for age 9 7
15 for age 13 -~ 3086.00 . - 4899.29 112.80
14 for age 17 . -
* 6 per age group » 3056.00 . - 225%.63 . . . 50.76
>,
3 per age group 3056.00 . 1188.64 25.38
(_;//’ | A
. ~ ,

]
o)
'S
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i (./ . 4. STATISTICS ANALYZED

It was emphasized 1n the intraduction that the present study will

.

seek to  optimize the design simultanéously for several ,Statistics.

Specifically, 58 1tems, intended to méasure two NAEP subobjectives, were
. v _ 5 ~

selected. From these items,. 21- Iinear combinations were defined for

analysis. All the items.aie pertlnené to objective IV of thg 1979-80
Assessment--”Abp11cat10n of study skills in reading." The fbllow1né two
subobjectives-were specifically addressed: '

A. "Obtains information from nonprose ';eadlng éfactlltators”

B. "Obtains information from materials commonly found in libraries
or resource centers." :

>

3 - -

" Subobjective (a) attempts to evaluate whether the students ‘use visual
ai1ds when reading and whether they can correftly interpret information

given in charts, maps and graphs. The second subobjective is directed
el ) Bl

v

. /at measuring the extent to which students use various reference materials
‘ . L] -

. and ,whether they can find specific information 1n these/ materials (ea§.,
. ,
dictionaries, encyclopedias, etc). All the items:selected for analysis

.

are multiple ®hoice in” format with 'a single corréct resgonse.

“ [}
" ’

The scores analyzed in this study fall into two categories--within-

,package scores and cros?package scores. W1th1n-package scores are those ’ }
o : . -
- ~

defined from items taken entirely from a single-package. Conversely,

3

cross-package scored involwe items taken from multiple packagesj-

- .N‘? The 15 within-package scores_shown 1n Table 4-1 were considered. )

L
v

For eack student taking one of the indicated packages, the score was
~ : .

defined to be the proport;bn of items involved that the student answered

correctly. The statisfics of ultimate interest were the means of the

[N

scores over students or, in othpr words, the mean, proportions answereg
L)

o ) ' | 0 . ‘ ’ | ’
ERIC ‘ ] E

Aruitoxt provided by Eic:

correctly.

[
P
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Cross-package scores were constructed by'averaging related within-

~ ~ ~ /

R. are related within-package

package estimates. That 1s, 1f RI’RZ’i"’ G

{ .
means, then their associated cPoss-package mean is

. R = [R,1 + R2 +...t RG]./G‘ (Lt.l)
. 4
j? A cross-package mean was defined--fer both subobjectives within each age
b group. These are presented in Table 4-2.
Fimally analfses were conducted for thé six populations listed 1n
Table 4-3.
T
\
" A ’ - ‘
L)
’ '
~ . ,,///
- T
\
’ ' \
r . /
- ¢
- > .
b
) i a
N/
N e ~
C .
,‘. ‘ -
~ , "
; { !
¥, A/' N n
. A s
O ' ! \

-
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vy
. Table 4-1. yithin-Package Score(Definitions

.. ]
i Within-Package - . Associated
* Score Number Age Package . Item Numbers 4 Subobjectives®
T , ,
14 \
1 - 9 4 7a-7d b
{ 2 4 ’ 5 8a-8d b
o3 9 5 %a-9c a
4 9 T 8. ! - s5a-5d,9a-9d a
A 5 13 2 15a,15b a
6 * .13 4 7a-7d b
7 13 6 7a-7c . a
8 .13 ) 6 9a-9e b
9 13 8 9a-9d \* . a
10 17 1 7a,7b a ) a
120 17 1 10a-10c \ a
12 17 4 7a-7d 7 . "b
13 - 17 6 9a-9c¢ b
14 17 13 8a-8d ) b
15 \ 17 13 ‘9a-Jc - a |
{ -/
¥
N ,
*Subobjectives: . . .
a. Obtains information from nonprose readipg facilitators. ,
. b. Obtains information from materials commonly found in libraries or
resource centers. .
| / v
’ -
: - , i
: i ¢ i
. t
A \‘1 -
N N
- -
z S
L4 Al / R ‘/'
- \
1] T a
Q . Y. : 2

2
Conr

PR
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. ‘ Table 4-2. Cross-Package Score Definitions
] * : .. . . d )
. o K Defining Within-Package
- 4 ) Score Numbers From Table 4-1 )
' . i . Subob¥ectives )
» Age . (a)* (b)**
9 ' ] 3,4 ‘ 1,2
- 13 ! 5,7,9 6,8
17 : 10,11,15 12,13,14 -
R *Obtains information from nonprose reading facilitators. ' 1
3 t :
**Obtains information from‘materials commonly found in libraries or
~ resourCe centers. ’
N ) ¢ ~
Table 4-3. Analysis Populations
! ‘
\ All students (National)
» Non-whites ‘
. Males v
emales ] - ’
tudents.with.parentshzeducatZﬁn Tess than high school
Students with parents' education at least high $chool
\ = S . i
’\l ¥
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5. VARTANCE AND COVARIANCE MODELS '

“
&

Variance models are developed to demonstrate how ibe precision of

the estimates would be affected by changes in the design parameters. In

‘ - - 1 4
( . this section two general variance models are derived which can be applied

to (1) scores drawn from a single package and (2) mean scores combined
. Y .

‘ ) _
- across @fckages.
. s
" L]
For Year 11 assume a with replacement threé stage design of -
! 1) .PSUS ¢ "
2) Schools ’ i -
3) Students ’ . // .
and tiat the sample 1s selected with probab11{7ées proportional to size
- R
’ ’ (PPS) at the first two stages and with equal probabilities at the -last -
’ . Vo
stage. Let
. . ygljk = response for student-k from school-j from PSU-i for package-g“
n, = number of sample PSUs
n2'= number of replicates per PSU~
‘ ‘ .
n, = number of sample students per school !

G = number of packages of interest\\

N = number of PSUs in population

o ‘ -

N1 = number of schools in PSU-i population
‘ ’ <
Nij = number of age eligible students in school-ij
- v \ . " -

ij size measure for school-i)
A3 . .

= A, /A, = single draw probability for PSU-1i
L

1l

lae)
1

[ X4

' Pj(ij Aij/Ai+ = s?ngle draw probability for schodl-ij given PSU-i
selected. . .

‘

The estimate of a population total, say Y, from a single package 15, -

. n

2 3

n
2y N

1
-1
Bl 2 Vet ™

n
§ = 1 (np1 7l 5 (5.1)

1

g>)

Tt
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Now, consider 'a separate ratio estimator of a crbss-package ‘min‘

'
v

score for items taken from G distinct packages. That is,

& L ~ .A ~ ~ »
. .
i ‘ o R < [R1+R2+"'+RG]/G (5.2)

+
where ¢

>

y /%
Vel¥e

the withiﬁ package mean score for package-g

§g = the estimated total for the score from the package-g sample
. / . (g=1,2,..., G) // . ' .
- and roe
R \ ig = the total number studentg estimated from the package-g sample
T (g =1,2,...,6). . . ,
Fhe variance of R is
~ G A :' G l\ -~ ! 2'
V(R} = I V() +2 2 2 Cox(Rg,Rg,)]/G , (5.3)

g=1

2

g=1 g'=g*l

It is commudly known>and has been used in previous NAEP efficiency
~ ® ! . 4

studies that the V(Rg) can be decomposed int

TN

td -

.V(ﬁg)~= 02(1)/?& +’0§(2)/n1n2’§ 02(3)n1n2n3 “(5.4)-
where ’ . - , \ ‘ J
”55-\\ ) Oz(l) = the betwee? PSU contributibn.to variance, : A
. 02(2) = the between school within PSU contribution to variance,
‘2;‘3) = the between student within school contribution to variance. ..

-

. ‘ -
Software is available at RTI tB. estimate these three components (Shah, 1979).

Model (5-4) ismexaétly that required for 'scores drawn from a single package.
L

~ ~

; . ' Now,, the Taylor Series approximatién to the Cov(Rg,Rg,) is ‘!'"
Cov(R ,R ,) = Cov(§ /% ,¥ ,/%_, ‘ :
(R sRy1) [SNENERTLNY ' \ )
LR N P NPT _ A&
¥ X, [COV(yg,yg.) ‘ RgCoy(yg.,xg)
- . . g, 8
‘ ’ - R ,Cov(¥ ,% ,) + RR , Cov(k ,Xx
- g CoV TR ) * ReRgy Coviiy,xg )] ,

-~ ~ -
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N\
R L -23- .
| R * :L-/ P ) ' . -4
L 4 - .- » 2 7
& 4 t‘\ 14
:5 ~ . . = Cov{(yg ~-RX )%, (¥, -R X )X | .
> ° ‘z.;pqv(ig,ig.) “ : . (5.5)

yhere'xg and Rg“are the corfesponding population values of ﬁg and Rg’
v N ’
respectivel&. The form of the covariance term is explicitly derived in

éppendix A. It is shown that

B A
-~ ~

—_— - ™

. Cov(Rg,Rg,) Cov(zg,zg,) ‘
- » = ogg,(l)/n1 + toggJ(Z)/nln2 ) (5.6)
. . ? -— /
where ogé'(l) and ogg,(z) are\éomponents of covariance for the first and

second stages, respectivelf, analogous to the variance components inh (5.4).

<

Also, t is the proportion of gchools wg;re both package-g and -gt are

admigistered. =~ : b
. T
Zugxt, combining (5.3), (5.4) and (5.6) #* 4

VQR) = %‘2 z~ Io (1)/a, + of (2)/n1n +0 (3)/n1 o,

[+ . *
G-1 G . N
- 2 3 = (1 (2 .
: e =1 g'=gtl [Oggr (1)/n) * £y ?/n1n2
{o (1)/n + o (2)[1 + 2tp]/n + 0 (3)/n1 ) 3} (5.7)
.‘\ /;/ wherfj J < | ‘ ) .x; . J
G-1 G -0
. o (1) z o?(1) +.Z ¥ = Q) (5.8)
| g=1" & g=1 g'=g+l gg o /
EY
: X 2 6 , o
© 0“(2) = I 0°(2) - (5.9)"
g=1 ‘g . E;, . ,
. e’ G1.6° " = * .
-~ p +=[ . I o, ,(2)1/0°(2) (5.10) ¢
. , e g=1 g'=gt1 §% o : ‘
//. . e e G . ‘ 1
- @ = 3 43 . -. .o (5.11)
r g:l g ! - N
~ ‘ N .
P N e [y J “) J
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. The above model fo§\$be variance of ﬁ, eq;ation (5.7), contains a

- V-\‘_\parametér (¢) for the propfrtjon of sch’ where :a given pair of
packages were jointly adminiégered. This is ; function of the number of .

schools per replicate since every package is administ®red ,within a
.repli&EEF. Chromy, Clem'er; and Jones\(1980) have shown that the number

- of schools per reﬁlicate can be approximated by a function of the total

number of packages. This impliés that t probably does not vary with the
1 )

'; v 'Nyg%ample design parameters (i.e., hl, n,, and n3). Thus the value of t .-
-, ¢ [ ]
o

bserved in the data-will be substituted into the model.

XS The model outlined above was developed at the stratum lewvel. ~

However, in determining the optimal allocation, the population will be

stratified in eight strata defined by the cross-classification of the
geographical region (West, Central, Northeast, and Southeast), and the
community size-(rural = no place with 25,000 or more population in 1970

Census, Urban = otherwise). Variance and covariance components will be

!’ /
estimated for.each of the strata. .

Finally, variance and covariance components will/be estimated for

each of six sibpopulations (domains) judged to be of interest: National, //)//’
o ~ .
. Non-white males, Females, students with parents' gducation less than

high' school,- and students with parents' education at least at the high )
. {?’~

school level.

&

*4

&
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6. OPTIMIZATION PROBLEM

.

Thus far, a linear cost model has been developed of the general

form R . .
< ¢ \ <
R $

C(h)x(h) (6.1)

»

(]
"
"n mMmm

h=1

where C(h) is the cost of adding an additionatJ}nit to the hth stage of
- k s ) v .
the sample and x(h) is the sample size for stage-h. In addition, a

2

variance model has also been developed of the form

¥
Fy

H * .
V(k) = Z V(kh)/x(h) ' . (6.2)
h=1 ’ 3

- . t
where V(kh) is the component of variance associated with the h B stage
of sampling for statistic-k and x(h) is as before.

«

Combining these two’ models, the problem at hand is to find the

values of x(h) (h=1,2,..., H) which minimize C supject to:

(a) V(k) € V¥(k)  (k=1,2,..., K) ’
and

(b) x(h) 2

0 (h=1,2,..., H)
where V*(h) is a positive comstraint on the variance of statistic-k.

Several approximate solution methods for this problem are described

by Cochran (1977). In addition, Thumerical solution methods Qiye been
given by Hartley and Hockinga(l963). Chatterjee (1966) Zukhovitsky and
Adeyeva (1966), and Huddleston et al (1970). The solution method used
in this report is a numerical solution developed by Chromy (1970). The

algorithm s written in BASIC and operates interactively on the HP2000

. computer.
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. ~ 7. NUMERICAL RESULTS

.
-

S . _ '
"Estimates of the variance model parameters were obtained using data
. \ 4

from tﬁe NAEP Year 11 Assessment. For package level statistics, separate
components were e#Mmated for each of the e1ght strata. This led te a
stratified wvariance model which allows fgc,/a separate allocation of

resources to each stratum. The data could not support the estimation of

stratified models for the cross-package means. For these statistics, a
single set of national level components were estimated.

-
The’remainder of this section will be broken into two parts--one
. -
t

for within-package statistics and the other for cross-package jstatistics.

Within-Package Analyses.
e

!

Variance models were estimated for each of the six domains in Table

4;3‘for the 15 scores in Table 4-1. This yielded 90 estimated models

»

each with 24 componénts (3 levels by 8 strata).

. The variance components 1n these models are estimated from the NAEP

.
L4

sample dat‘and hence, are sub_]ect to sampling variation. In an attempt
to smooth out this variability, groups of components which were expected

to be of comparable size were identified and smoothed estimates obtained.

The components were! grouped by age, stratum and domain. Within an

agé;stratuh-domain group let O?(j) be the variance component for the ish

.. , - A ,
score for the jth level of the design (j=1,2,3 for PSUs, replicates and

s ’

students, respectively) and 1 ‘n be the number of scores in the group.,

-

Define X "
* N 2, 2 .
. | 8,(j) = 05(3)/0(+) | (7.1)
where . ' . —///'
R ACEPEAON (7.2)
- J - .
- ot
4
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Aruitoxt provided by Eic:

3

.

4

“

Finally, the smoothed components were calculated as

~ ~2, e =2 -
5 = 8,5 (7.5)

Within an age-stra&um-domain group, this process estimates an average
-2 N
total variation (0, (+)) and an average proportion of variation attribu-
- ’

\

table to “the jth stage of sampling (5+(j)). The product of these two

3 p .
estimates estimates the stagesj variance component for the group. This
4 » D

approach was taken, rather than directly averaging the components, since

a

the total variation and the proportions of variation were expected to
»
exhibit greater stability.

The smoothing process resulted 1n a separate variance model for

* . 7 -
each domain within each age group for a total of 18 estimated variance

‘models each with 24 levels (8 Strata by 3 sampling stages).

¢

Once all the models have been parameterized, it becomes necessary
to select appropriate variance constraints. In this situation it “is-

often convenient to work in terms of relative variances and standard

“ o

errors. To see this, recall 'that a 95 percent normal theory confidence
4

interval (C.1.) for a mean Y is approximately .
C.I. = ¥ # 28E(Y) . (7.6)
where SE(?) is the stg;dagzi error of the mean. A qyﬁmon' precision

.

constraint is to require that the half-width of the cqnfidsnce%1nterval

-27_
Also Qefine '
8,(4) 6. (j)/n . (7.3)
4 i . \
.and
52(+) = 1 o*(+)/n (7.4) .-
;1

‘\o

*
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. -
-

\ /——’.. * )
be less than some multiple of the mean, s aY. Thus, it is required
. .

that ' ’ . -

. 7
+ - - -
' . ‘ C.I. =Y % aY. ' (7.1
This implies that
of =28ECT) - T (7.8)
or . - _
a = 2SE(1) /Y N (7.9)
- . - . -
= 2RSE(Y).
‘ where RSE(?) is the relative ﬁtandard error of the mean. Hence, the
. expected half-width of a 95 percent confidence intergal relative to the
. _ ' §
* " mean 3s twice the relative standard error of the mean. .

To take advantage of the Eel§tionship Between, the relative standard

error (RSE) and the expected width of a confidence interval in setting

varlanﬁi\fonstraints, the general variance model ‘shown in (6.2) can be

N\

recast by dividing through by the squared mean to yield

- . .
, : VR /TP(k) = 3 V(kh)/FP(0x(h) t (.10
. h=1 .
or . i
H . , .
, RV(k) = 2 RV(kh)/x(h) fk=1,2,..., K) (7.11)
N . , . h=1 . '
\\where E
: . RV(K) = V(k)/¥ (k) . ¢ (7.12)
/ . = the relative variande of.statistic-k
and .
RV(kh) = W (kh) /T2 (k) a (7.13)
= the relative variance component for stratum-h
statistic~k.
4 - : ¥
! -
AJ A .
e~




Thus, the constraints take the form : . ¥§ !

. RV(k) € [RSE*(k)]% (7.14)
J”or - .
H . . ' 2 . a
z RV(kh)/x(kgzwsE*(k)} (k=1,2,..., K) ~ (7.15)
h=1 A
3 -

where RSE*(k) is the relative standard error constraint on statistic-k,

I

This transformation 'was applied to all the variance ‘models in- this
study: ’ .

Optimal NAEP sample designs were obtained assuming thg cost model
shown §I1 Table 3-34wigh package gssignments of'll, 15, and" 14 t& the
three ordered age groups (the Year I cost model) and.assum1ng khe 18
sqpothed wlghln—package‘varlance Qodels. Tabfé 5-1 presents the\optimal

L

design under global 10 percent rélatlve standard error constraints.
This table can be contrasted’ with Table 7-2 which presents the optimal
designp for five percent RSE constrain&ik/ The main body of each table

presents, for each stratum, the number of PSU's, replicates (Rep's) per.

PSU gnd students per replicate. Note the substantial difference in the
f » .

b ]
L]
resources required for these two ‘designs induced by the change in the

constraints. , -~ -~

In an attempt to 1i1dentify reasonable precision constfaints, the

-

percent RSE's for within-package means projected by the variance models

are presented in Table 7-3 for\a hypothetical sample of 10‘PSU‘s per

stratum, two replicates per PSU and 15 students per'replicate. This
implies a total sample size of 2,400 students per .package. Tablé 7-3
presents the best precision po§51ble under the above hypotheflcal design.

Notice,. that élllof the projected RSE's are less than the 10 percent

constraints used to prepare Table 7-1, while several are greater thah

-
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Table 7-1. NAEP Design Optimization for Within-Package Means
\: i
. =
Urban " Rural
Region PSU's Rep's Students PSU's Rep's +Students
CN
* NE r 2.54" 0.61 127,54 0.78 1.37 52.03, .
S 1.45 2.23 53.78 ©3.15 1.85 - 38.46
. NC 4.67 2.18 22.48 2.05 0.66 55.57
W 0 3.91 0.86 82.58 2.21 | 1.74 28.69
;o 20.76 Total PSU's . :
¢ 30:41' Total Rep's: - ) -
\
1,343 Total Students/Package
= ? \‘
$363,987 Variable Cost
Notes™ ,
Year 11 cost model - . -
10% RSE constraints ) t
S N -
4
Table 7-2. NAEP Design Optimization for Within-Package Means
* s
- R "
* Urban : Rural
Region PSU's  Rep's Students PSU's Rep's Students’
o i -
NE .17 0.61 127.62 3.11 1.38 '51.91
S 5.81 2.23 53.82 12.61 1.85 38.44
\ NC 18.70 2.18 22.47 8.20 0.66 55.46
W . 15.63 0.86 . 8252 8.85 1.73 28.71
r;i;gﬁ Total PSU's !
171.68 Total Rep's
5,371 Total qudents}Package ) B ,
e y $1,455,950 Variable Cost = :
Noteg: :
. 3  Yaar 11 cost model . L.
5% RSE condtraints Co ) .

Lo
bodn




the Table 7-2 five percent RSE constraints. Review of Table 7-3 lead to

B - » ~

the formation of the ‘specially selected set of RSE cofstrints exhibited

5 '

in Table 7-4.

-
~—

! ‘ e

)

* A third optimization for withan:ﬁEkage statistics 1s reported on
in Table 7-5. This design was derived from the Year 11 iost model and '

the selected precision constraints an Table 7-4. Notice that this
design is very Fimilar in the total numbers of PSU's, replicates, and

. . students to the hypothetical sample design used to’ generate the
} -

precision constraints in Table 7-4. On the other hand, the optimal

design differs markedly in 1ts allocation of resources to the various

strata and stages from that of the hypothetical design. The design .
indicated 1in Table 7-5 demonstrates how the available resources should

be allocated to minimize the cost of the survey while still meeting the
’ i

designated requirements. -

- y 4 -
“ Two additional optimations were calculated and are presented 1in
. A

Tables 7-6 and 7-7. Both of these optimizations were cohstrainted as
[ 4

shown in 'Table 7-4. The difference between them 1s that the former
assuamed the>51x packages per age group cost model and the latter the

- three paékage per age group cost models (see Table 3-3). Cémparlson of
Tables 7-5, 7-6, and fL7 indlcat;; that reduc:hg the number of -package

reduces the cast -of the optimal samﬁle design. In addition, most of the

cost saving comes about through a reduction 1n the number of PSU's with

the sample.51qes of the other’two stages 1increasing. [The reason far

this becomes readily appa;ent whent the three cost mddels in Table 3-3

‘;re“tampared. Notice that reduc1ng>thé ndnber of packages per age group

leaves the rost per ¥SU unéhanged while substantially reducing the cost

per replicate and per student. Hence, reducing the number of packages -

S
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. . A . -
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. .

2 High School

/

- ‘Table 7-3. } Projected Percent RSE's for Within-Package
Means Assuming 10 PSU's/Stratum, 2 Rep's/PSU
v , ’ and 15 Students/Rep. )
- ' ' ‘ ‘
%
Domain . Age 9 Age 13 Age 17 4
National 2.13 2.42- 1.36
. Non-White | 5.42 5.04 - 3.67 .
7 he v
. Male 2.99 2.96 1.75°
Female 2.41 2.77 1.58
Parents Education 7.03 6.10 3.33
. < High School -
Parents Education e 2.27 . . 2.20 - 1.28

Percent RSE Constraints for Withia-Package Means

Table 7-4.

Domain Age 9 Age 13 Age 17
v = .‘ -

National 2.00 2.50 9 2.00 t./’
Non-White 5.50 5.00 4,00
Male 3.00 3.00 2.00 _
Female 2.50 2.50 * 2.00° ’
Parents Education \ 7.00 6.00 3.50
< High School R
Parents Education 2.25 2.00 2.00

2 High School

o

-
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Table 7-5. NAEP Design Optimization for Within-Package Means

, . Urban i - Rural
Region PSU's Rep's Students PSU's Rep's Students
s NE 17.70 1.30 23.72 319 0.64 45.53
‘ S 10.87 1.36 26.07 AT 1.35- 28.43
NC 9.92 2.56 - 21.75 . v 2.84 3.89 18.72

W 19.37 1.29 25.75 2.11 5.23 23.42

73.77 Total PSU's
122:34 Total Rep's
+2,977 Toti tudents/Package
$1,160,640 Variable Cost
Noﬁes:

Year 11 cost model
Table 7-4 constraint set

’\
i ) ,
Table 7-6. HQEP Design Optimization for Within-Package Means
Urban -~ . Rural
Region PSU's Rep's Students PSU's Rep's Students
NE 14.51 T.64 25.50 T2.70 ’0.99 46.45
S 7.70 2.05 27.53 6.04 ©1.57 31.31
NC 7.51 3.62 23.09 2.19 6.00 . 17.70
W 16.97 1.40 29.05 1.21 10.50 23.45
+
58.83 Total PSU's ~
.
- ‘ 128.59 Total Rep's
. ’ 3,312 Total Studénts/Package
* T $637,)925 Variable Cost

Notes:
Cost model assuming.6 packages/age group
Table 7-4 constraint set
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Table 7-7. NAEP Design Optimization for Within-Packa%F Means
' * T om ! .
Urban . -~ - Rural
Region PSU's " Rep's Student e, PSU's Rep's Students
. ) - )
NE 11.94 2.07 + - 27.89 2.05 1.59 42.63
. S 5.89 2286 29.19 5.17 2.11 31.02
NC 5.74 5.15 24.10 1.78 8.33 17.67
W 14.59 1.69 31.68 1.11 12.53 24.70 t

48.27 Total PSU's
138.70 Total Rep's
3,758 Total Students/Package

$407,736 Variable Cost

i Notes: . L
¢ ¢ Cost model assuming 3 packages/age group
Table 7-4 constraint set
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"makes it less expensive to- select more replicates, more students, ag&p
fewer PSU's to meet the same variance constraints.

Cross-Package Analyses.

As was noted prevjously, it was not possible to - estimate all of the
< parameters in the fully stratified variance model for cross-package
means%(/for this reason, a non-stratified national three stage variance

model willo be used pere. The three stages correspond to PSU's,

-

replicates within PSU's and students within repliﬁgtes. »As was done for

the within-package analyses, the variance models were placed on a

relative scale by dividing through by the squared mean.

All of the design ‘optimizations for cross-package statistics are
presented in Table 7-8. The sequence of optimizations proceeds similarly
to the within-package analyses. First, two design eptimizations were
performed assuming the Year 11 cost model (see Table. 3-3) and either
global ten percent relative standard error (RSE) constraints or five

percent RSE constraints. These two constraint sets led to designs tiat

\

differed marked in cost ‘and number of PSU's. However, the number of

[

replicates per PSU ‘and students per replicate were left unchanged.
The shape of the constraint space was explored by considering the
projected RSE's in Table 7-9 for a hypothetical sample design consisting

of 50 PSU's, 2 replicates per PSU, and 15 students per replicate. This

AN

N

table indicates that the ten percent RSE constraints were geﬂE}ally too
1 S

loose, -while the five percent RSE constraints were often too tigﬁkf\\

.

This led to the constraint set presented in Table: 7-10. , ~
The remaining three optimizations  presented in.Table 7-8 were
N A : »

- calculated using the conmstraints in Table 7-10. These three designs

were derived from the three cost modef% in" Table 3-3. Surprisingly,
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Table 7-8:  NAEP Design QPtimizatiéns for Cross~Package Means

- . ‘_‘
o . _ ’ ' + *  Total \
Cost Model & - Rep's/ Students/ Total Students/ Variable
B Constraints\ PSU's PSU Repqg\ ~ Rep's Package B Cost
- : — AN
Year 11 cost model : @%
' . ‘ ’ -
10% RSE's' 26.67 4.03 3.84 107 .47 1,058 $727;364
- 5% RSE's 106.69 4.03 9.84 429.88 4,231 2,909,460
. féble 7-9 . ’
Constraints 48.139 2.37 16.02 - 114,90 1,841 918,514
‘ ¥
Six packages/age group cost model
~ ' ke
Table 7-9 g// ) ’
Constraints 48.1 .. 2.37 16.47 114.30 1,883 500,682
.
Three packages/age group cost model .
Table 7<Q__ ' AN .
Constraints - 47.50 2.37 18.19 “112.46° 2,045 * 330,759
;o .
4 ’ P
‘ ‘ —
¢ . ' -
7 ) .
. ~
~ f’
" ’
T
¢!
- -y
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ﬁ . Table 7-9. ° Projected Percent RSE's for Cross-P!kage Means )
Assuming 50 PSU's, 2 Rep's/PSU, and 15 Students/Rep. = e
o 3 N o
‘ . ‘ I ™ .
. . V A ' . >~ . o
. : . Age 9 : ) Age 131} - Age 17
o "Swbobjective _ - Subobjective Subobjective |
Domain - a -~ b a b - a b
(_/7 ) . .llf\\ , ) AQ ]
: National 3,14  2.81 2.45  1.36 1.24  1.08, .
* * . . .
L Nopﬁlite 10.07  7.58 L 683  3.05 2.88  2.11
. . . ’ . ¢ l{, .
Male . , 1.81 + 7.06 . 2.92 ' 2.51 81.68 - 1.39
¢ . Female 430 2.32 © 238 129 ° 1.32 1.1
. k4
v Parents Education 7.50 4.49 © 4.35 7 3.31 2.63 2.27
\ . < High Schagy . ‘ .
v : . P ‘ ]
: - 8arents Education 3.73  2.41 1.96  _1.22 1.08 0198
S - 2 High School .
| b~ - '. o - - i
- . f\ N
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Table 7-10. Percent RSE Constraints for Cross-Package Means

i

¢

4 Age 9 Age 13 Age 17

Subobjective Subobjective Subobjecfive
Domain a . b a b a b

4
National 3.00 3.00  2.50 1.50 1.25 1.00 -
Non-white _ 10.00° 7.50 6.50 3.00 3.00 2.25
Male . 2 2.00 7.00 3.00 2.50 1.78 1.50
Female T 4.50 2.50° 2.50 1.50 1.50 * °1.25
Parents Educ. .
< High School 7.50 4.50 4.50 3.50 2.75 2.25
Parents Edue:- - - — - - * - //i
2 High School 3.75 2.50 2.00 1.25 1.00 1.00
R - »
£
-
- ”
- A
" ~
$ ) A ©
42
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these three optimal designs are virtually the same despite the fact that
the three cost models dWantially.
A o -
-
4
, -
. < v
[ 4
% hY
. .
. f ..
- /\
.
* 4
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8. CONCLUSIONS

/

fii“ In general this study produced results consistent with earlier studies

and tends to confirm the cdrrent NAEP design.
) :

.

<

4

Numerical solutions for within-package means tended to produce studeat
session sizes which, were much larger than the range covered by the linear

cost model. It may also be noted that reducing the number of packages has
v ot -
the effect of reducing the.optimal number of PSU's. This may be difficult

.

to implement while stild retaining the ability to produce reliable data for
geographical énd.tyB;/Uf community domdins.
5 The aqalxsis for cross-package means was based on a fairly small S

ngiber of mggps‘and bears repeating on a' larger scale. Analytical solutions
[ L’ - -

7 At
o~

' -~ . - .
for group session sizes® conform more closel o those of the present design.
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APPENDIX A

- COVARIANCE COMPONENTS FOR TWO ESTIMATED TOTALS
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APPENDIX A
o~ §
N For the derivation of the covariance between two package total
estimates, consider two totals, say u and Vv, from two distinct packages.
Explicitly, _ - )
, L S .
- LT “3/ I’ 4™ :
o= 2°[n,P] 2 tn,P ..} u..,N../n (A.1)
i=1 171 =1 2'3(1) Jk=l ijkij’ 3
likewise for v. Recall that
] ‘e .
Cov(ua,v) = El[Cov(ﬁ,G)tl)] + Covl[E(ﬁl1,2),E(0}1,2)ll] (A.2)
and . .

Cov(d, ) I1) ='E2[cOv(a,0|1,z)|1] + Cov, [E(8]1,2) E(F11,2)11]  (A.3)
where the}hmwrals 1 and 2 indicate which stage of sampling the expectation

is being taken over or conditioned on. Note that ___.~

Cov(d,v]1,2) =0 , - (A.6)

. -

since non-overlapping simple random student samples are selected within

schools for each package. Thus,

\ EZ[Cov(ﬁ,GII;ZII] =0 (A.5)
. Now consider,
— n, i, n, B g ' ‘
E(d}1,2) = X [n.P.] 2 [n,P.,.\] E( 2 u _N. /n,l1,2)
i=1 7 =1 2°3(1) k=1 1jk 13773
nl t o 1'12 )
1=1 1
where '
. N..
1]
U.., = 2 U,.
’ ij+ o ik .
= the population total for school-ij ’// - -
! . . J . ~ gﬁ
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Likewise, |
R .
E(v]|1,2) = E [nlpll E [HZPJ(i)] V1j+ (A.7)
1=1 =1
Note that,
b
n1 tn2 . .

Lm»

E(811,2) =

|
™M
£}
—
o
[
]
I ™

-1 : :
+ s {nzpj(i)] U (A.8)
and

_1 .
2 ImPien] T Vi : }

n . - —
. 2 o :

-1
+ 2 {n.P. ] . (A.9)
j=tn,+1 SCOL 6 ,

. . .
where t is the propgrtion of sample schools where the two packages are <
jointly administered. Also, the summations over schools 1n equations

4

both packages are administered constitute a simple random subsample of the ’

-

(A.8j and (A,9) are Qkéwise decomposed. Assuming that the schools where -

schools leads to N

Cov, [E(d]1,2),E(V]1,2) | 1] ; '

n tn - tn
' 1 -2 2 -1 -2 7! ]
e : = 2 [n,P.] cov,{ 2 [n,P.,. ] U..., Z T1a)P, v,
iz 11 2 i=1 27j(1) ij+ i=1 2 j(1) 1j+
. . n, _ Ni . '
= E IR T () Ry TR U]

{0V, /P 1y) = Vigad

ij+
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* ~
- nl -l .
, . = _Z [ani] (t/n2)0uv_(2) . (A.10)
i=1 i
L]
'where
Ni
-
P U. = 2 U..
i++ 551 ij+
N \
. 1 ’
Vige = 2 Vo, - .
J=1
and ~—
N. )
N . . 1 .
‘ ouvi(Z) - .51 PJ(l) '{[Uij+/Pj(i)] B U1++}
\ J ~ “\_
(V572 () = Vie] CREPT S
Combining (A.3), (A.6)\and (A.10) yields
- n
s1 -2
. Cov(u,vil) = _Z [anI] (t/n2)0uv (2) (A.12)
B 1?1 1
Thus,
P ’ \ﬂl-
C e -2 . B
El[COV(u,Vll) = (t/nz)Ell E (n,P) "0 (2)] .
1=1 1
[ < {
N !
= (t/nlnz) z Oy (2)/?1
1=1 1 |
™
. = QOUV(Z)/nan (A.13) $
- where j
+ N ‘ “
OUV(Z) = ‘Z O (2)/Pi ' (A.14)
i=1 1
Next, note that ‘
»n

7! AL 15)
= Z [anl] U. (é.

CE(aI1) =




o

e -1
E(v]1) = 2 [anl] Vi++
1=1
Thus,
e s nl , i
Cov [E(Q|1),E(V]1)] = Cov,{ Z [n,P.]
1 1 i=1 171

3
/B U LV /R =V
(A.16)

Combining (A4.2), (A.13) andx(A.lé) yields

/ —

Cov(u,v) = Ouv!l)/nl + touv(Z)/nln2

—

which is the final desired represen' tion.




