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Introduction

Institution and establishment surveys often require two
kinds of estimates: one may be the percentage of units
meeting aparticular characteristic, and the other may be
the percentage of clients served, or volume sold
associated with units meeting a specified characteristic.
For example, a survey of schools may need to estimate
the percent of schools that implement a given program,
and the percentage of students attending such schools.
With the first type of estimate, one should assign the
same probability of selectionto every schoal, if onehas
no further information. The second study type should
be sampled with probability proportiona to enrollment
(PPS). When both estimate types are needed, some
researchers have used an undocumented rule of thumb
and sampled with probability proportional to the square
root of enrollment.

The Alcohol and Drug Services Study (ADSS)
recognized the common practice of using the squareroot
of size, but used a power of 0.7 for Phase | of their
study. In other studies, powers of size were used to
allocate sampled cases to strata. But even when only
one set of estimates is desired, it does not follow that
simple random sampling or PPS sampling using thefull
measure of size is optima. Suppose we are trying to
estimate a dichotomous variable known to take on a
value that occurs rarely among small ingtitutions, but
takes on the same value 40-60% of the time among
larger institutions. PPS using some power of enrollment
would be preferable when trying to estimate the
percentage of indtitutions taking on that vaue.
Likewise, aparticular distribution of the variable to be
estimated may lead to an aternative to PPS using
enrollment as the size measure.

This paper examines the accuracy of the square root of
enrollment size as a rule of thumb. We then explore
other methods that minimize the two coefficients of
variation (CVs) from both levels of survey estimates.
Simulation results using areal life sampling frame are
presented using severa measures of enrollment sizeand
powersto explore the effectiveness of various strategies.
Specificaly, we pose the question:

Isthe squareroot of enrollment size optimal (minimizes
CVs), or does some other power of size provide better
results?
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Materialsand Methods

We used the Common Core Database (CCD) devel oped
by the National Center for Education Statistics as our
sampling frame. The CCD underwent some edits and
the resultant sampling frame included public schools
with at least one of grades 6 through 10 that collected
ethnic classifications. The resultant sampling frame had
atotal of 47,113 schools.

We tested ten variablesin our simulations, based partly
on rea data but also modified to reflect unusua
conditions.  The modified variables were produced
using a random variable (r) that was uniformly
distributed between 0 and 1. The real data reflect
enrollment size measures that are often available and
easy to use when conducting power calculations.
Modificationsto real datareflect variation in the size of
these measures. The ten variables include:

1) Average grade for studentsin the school

2) Enrollment times (1+r/5)

3) Enrollment times (1+50r)

4) Enrollment timesr

5) Uniformly distributed random variable

6) Enrollment times 10,000r

7) Percent of students which are white plus r/100

8) Percent of students not white and not black

9) Percent of grades 6-10 students enrolled in sixth
grade times 1+r/100

Percent of grades 6-10 studentsenrolled ingrades9
and 10 times 1+r/100

10)

Wethen calculated binary measuresbased on percentiles
(10", 25™ 50" 75™ and 90™) for each variable and
school. For example, the 90™ percentile means the 90
percentile or higher, with about ten percent of the
students classified with a*1’ and 90 percent witha‘0’.
The ten variables, combined with the five binary
percentile measures yielded 50 categorical variables.
All 50 measures were tested in our simulations.

A preliminary test was conducted to see which of the 10
basic measures were correlated with enrollment sizeand
the strength of their associations. A summary of the
correlationsis shown in Table 1.
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Table1l: Summary of Correlationsbetween Binary Measures and Enrollment Size

Moderate/Strong Correlation

Weak Correlation

Mean Student Grade
Enrollment X (1+1/5)
Enrollment X (1+50r)
Enrollment X (r)

Uniformly Distributed r

Enrollment X (10,000r)

Percent White + r/100

Percent of Students Not White or Black

Percent of Grade 6 Students X (1+r/100)
Percent of Grade 9/10 Students X (1+r/100)

We tested five measures of size for our power
calculations, expressed as enrollment size raised to the
powersQ, .25, .5, .75and 1. Thatis, the powersranged
from simple random sampling to PPSwith enrollment as
the measure of size. For each measure, 1,000 samples
of 1,000 schoolswere selected using the Goodman-Kish
approach. Each sample produced an estimate of the
proportion of schoolsin each size category for al fifty
variableswith the proportion of students attending each
school. A standard error and CV were calculated using
the sampling frame value and 1,000 estimates.

A Second Test Using Live Data

We performed asecond set of simulations using Census
2000 datafor al blockgroupsin Maryland (3,660 total)
using population thresholds. We selected blockgroup
samples of 200 and simulated 1,000 estimates. As
before, we calculated binary threshold levels (10", 25™,
50", 75" and 90™) for each variable and blockgroup.
We then compared our results to total population after
testing the following variables:

1) Minority population

2) Spanish-speaking persons

3) Households with minor children
4) Foreign-born persons

We present the results as a smaller, red-life followup
test to our CCD simulations in the next section.

Results

Figures 1-6 (below) show selected results of the
simulations (the CVs and standard errors for al 50
variables are available from the authors). As expected
for the school proportions, equiprobable sampling was
preferable for most of the estimates. However, lower
proportions with a high postive correlation with
enrollment did not follow this pattern and powers of .25
and .5 yieded better estimates.  For the student
proportions, PPS was best for most of the estimates (21
out of 50). High student proportions with a positive
correlation and low student proportions with anegative
correlation often yielded lower power (or even asimple
random sample) asthe optimal method. In the absence
of other information, it seemsthat apower of .25 might
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perform best by taking both sets of estimates into
account, but this could also be afunction of the specific
variables used in this simulation. Optimal power will
likely depend upon the characteristics of the variables
being estimated.

Note that when the percentile rank (proportion of an
attribute) was very large or small, there was less
variation in the tested powers. As the percentile rank
approached the median threshold vaue, power
differences became more important. And the power
differences became more important with the increasing
strength of association between the percentileranksand
enrollment size, an important sampling criterion.

Figure 1: Student Enroliment and Percentile Rank=0.25
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Figure 2: Student Enroliment and Percentile Rank=0.50
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Figure 3: Student Enrollment and Percentile Rank=0.75
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Figure 4: Schools and Percentile Rank=0.25
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Figure 5: Schools and Percentile Rank=0.50
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Figure 6: Schools and Percentile Rank=0.75
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Table 2 (see last page) shows optimal results for all
variables.

Smulation Results Using Census 2000 Data

Figures 7-12 show the results of the Census 2000
simulations using 200 blocks per sample and the four
population measures. The results are consistent with
what was found in our original test. For blockgroups
asin schooals, equiprobable sampling performed best
at al percentile ranks, while PPS was least efficient.
And for tota population, PPS performed somewhat
better. The results again show that using a power of
0.25 was more efficient for al of the variables and
percentile thresholds, compared to the other powers
used to sample and estimate total population.

Figure 7: Total Population and Percentile Rank=0.25
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Figure 8: Total Population and Percentile Rank=0.50
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Figure 9: Total Population and Percentile Rank=0.75
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Figure 10: Blockgroups and Percentile Rank=0.25
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Figure 11: Blockgroups and Percentile Rank=0.50
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Figure 12: Blockgroups and Percentile Rank=0.75
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Discussion

We have examined the use of the square root of sizefor
conducting power analyses and selection of complex
samples. Our anayses explored a number of size
measures and their variants using bootstrap sampling
methods. When selecting samples with multiple levels
of key measures, an inverse relationship between
school/student and  blockgoup/population  sampling
selection was demonstrated. The square root did not
always provide an optimal solution. Instead, sample
selection depends upon the correlation, variable, and
threshold characteristics of the study. In genera, the
results show:

* Equiprobable sampling performed better for
schools and blockgroups

 PPS generally performed better for sampling
students and population

* A power of 0.25 generally performed better than
the square root of enrollment

»  Correlation, with enrollment size, selected variable,
and threshold-level determined optimal solution

We have provided evidence that the current rule of
thumb that uses square root of enrollment for selecting
complex samplesisnot awaysan optimal solution. Our
results also show how the variable used to select
complex samples, correlation between that power and
actua enrollment or criterion variable, and power used
to conduct power analyses are al important issues in
devel oping new methods for obtaining optimal solutions
in the selection of complex samples.

Further research is being conducted. It may even be
possible to formulate a function where optimal power
can be derived from the two parameters, percentile rank
and correlation with criterion variable.



Table 2: Simulation Resultswith Maximum School
and Enrollment CVsUsing Five Powers of Size
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Powers
Var Equal .25 5 75 1.0
1 108 145 214 357 573
2 106 143 216 358 577
3 107 145 203 328 532
4 105 137 199 324 528
5 151 128 130 179 227
6 107 111 138 185 259
7 192 151 129 165 215
8 115 132 181 268 420
9 471 401 348 353 507
10 136 115 144 191 283
11 184 227 285 439 6.72
12 182 228 299 452 6.82
13 182 222 287 418 657
14 179 215 290 420 6.46
15 265 229 221 3.00 4.07
16 217 1.87 232 3.08 440
17 329 262 229 281 370
18 1.82 201 255 352 537
19 471 401 348 353 507
20 230 195 238 315 475
21 312 336 393 507 778
22 310 336 38 517 7.77
23 310 341 393 52 763
24 315 338 38 520 7.66
25 448 393 384 534 738
26 398 360 379 515 742
27 553 451 413 502 762
28 387 332 404 510 754
29 628 538 473 523 738
30 366 338 39 510 7.37
31 543 494 507 594 840
32 567 501 500 59 826
33 551 505 511 602 843
34 528 501 526 621 841
35 794 656 707 911 1220
36 734 630 616 856 1229
37 917 786 761 1050 1597
38 764 615 666 877 1225
39 922 907 99 1137 1641
40 593 540 581 707 985
4 929 810 719 763 938
42 971 798 720 764 888
43 956 810 747 757 974
44 965 815 749 797 936
45 1375 11.38 1235 1491 22386
46 1244 1025 1020 13.04 21.26
47 1518 1341 1566 2337 3757
48 1427 1124 1181 1501 20.39
49 1380 1410 1552 2091 30.08
50 1110 935 951 1127 1452
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*Var 1-10=10" percentile of (1) avg grade for students
in the schoal, (2) enrollment X (1+r/5), (3) enrollment
X (1+50r), (4) enrollment Xr, (5) uniformly distributed
random variable, (6) enrollment X 10,000r, (7) pct of
studentswhite + r/100, (8) pct of students not whiteand
not black, (9) pct of grades 6-10 students enrolled in
sixth grade X (1+r/100), (10) pct of grades 6-10
students enrolled in grades 9-10 X (1+r/100); var 11-
20 repeat var 1-10 for 25" percentile, var 21-30 repeat
for 50" percentile, var 31-40 for 75" percentile, var 41-
50 for 90" percentile.
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