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1. OVERVIEW AND BACKGROUND

This report provides empirical results of attempts to achieve consistency of estimates between
two National Center of Education Statistics (NCES) surveys. These surveys are the 1993-94 Private
School Survey (PSS) and the Private School Component of the 1993-94 Schools and Staffing Survey
(SASS). Consistency was sought in the numbers of schools, teachers, and students from these two
sources.

Comparisons have been made here among statistical and computational procedures that may
serve to achieve the desired consistency between estimates. The complex nature of the PSS and
SASS sample designs has also been considered, as well as any definitional differences which might
exist between the surveys. In addition, potential benefits and the possibility of harm are addressed.
The present work builds directly on an earlier pilot effort involving the 1991-92 PSS and the 1990-
91 SASS (See Li and Scheuren 1995).

The goal of this overview section is to state the problem being addressed and why it may be
important (in Subsection 1.1). An attempt is also made here to give sufficient background on the
PSS so that the context and statistical issues are clear (in Subsection 1.2). For the same reasons, the
design of the SASS private school component is discussed as well (in Subsection 1.3). To keep the
treatment self-contained, definitions have been provided (Subsection 1.4).

In the following sections (sections 2 to 4) the adjustment alternatives are covered. The main
methods being used are described in great detail (in Section 2). In Section 3, results from nine
independent applications are given for each category of the nine NCES category typology for private
schools (McMillen and Benson 1991); a concluding section, summarizing the work done and making
some recommendations, ends the basic presentation (Section 4). References are included (Section
5) and an illustration is provided of the algorithms in an appendix (Section 6).

1.1 THE VALUE OF STUDYING INTERSURVEY CONSISTENCY

For the first time, in 1993-94, the private school component of the Schools and Staffing
Survey (SASS) and the Private School Survey (PSS) were fielded in the same school year. Even
though these two surveys measure some of the same variables, due to sampling and other errors, the
results between the surveys did not agree.

As the PSS system is the basis for the SASS sampling frame, the PSS results, on the whole,
are likely to be the more accurate. Under these circumstances, it makes sense to explore whether the
introduction of 1993-94 PSS totals into the 1993-94 SASS might lead to improvements. Traditional
post-stratification methods exist to employ auxiliary information at the estimation stage in surveys.
These, however, cannot be applied to SASS without modification.
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In particular, PSS and SASS both measure numbers of schools, numbers of teachers, and
numbers of students. Conventional simple or raking ratio adjustment procedures could be used to
adjust sample weights so that the SASS estimates agreed with PSS for each of the three totals
separately (e.g., Oh and Scheuren, 1987). Such approaches do not work, though, if the weights are
to be adjusted so that all three SASS estimates agree simultaneously. Other methods in the
Generalized Least Squarei (GLS) family, however, are available and, although new within an NCES
framework, have proven to be of value elsewhere. Two of these are extensively studied in the present
report and still other alternatives are discussed -- notably in the Recommendations (Section 4) and
in the Appendix (Section 6).

1.2 PRIVATE SCHOOL SURVEY (PSS) DESIGN

The Private School Survey (PSS) is designed to collect data from all private schools inthe
50 states and the District of Columbia. The survey is collected biennially by the U.S. Census Bureau
for the National Center of Education Statistics (NCES).

Since 1983, NCES has used a dual frame approach for building its private school universe
(U.S. Department of Education 1984). The dual frame consists ofa list frame and an area frame.

The list building component (Broughman 1996) is the primary means for improving coverage
of private schools. As Broughman states three major sources were employed to "build the list":
commercial lists of schools, private school association lists, and state lists.

To identify schools that may have been overlooked in the list building component, an area
frame was also included. The combination of the universe list and the additional schools identified
in the area search comprised the cases included in the 1993-94 Private School Survey.

A more detailed description of each component of the dual frame is given below. The
information which follows basically has been taken from Broughman (1996) and Broughman et al
(1994).

1.2.1 List Frame.-- The starting point of the 1993-93 PSS list frame was the 1991-92 PSS.
Additional steps were taken before fielding the 1993-94 PSS, though, to update and
otherwise improve on this information.

To improve coverage of private schools in the list frame, before sending out the 1993-94
PSS, NCES requested and collected membership lists from 20 private school associations
and denominations. NCES and Census also collected an updated list from the Quality
Education Data or QED system plus lists of private schools from the 50 states, the District
of Columbia, and Josten's, a company which sells school rings. Schools on private school
association membership lists and the state lists were compared to the base list from the 1991-
92 PSS. Any school on an association or denomination list, state list, the QED update list,
or Josten's which did not match a school on the base list was added to the NCES private
school universe list. As a result of these efforts, approximately 3,000 schools were added
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in 1993 to the NCES private school universe list (Jackson et al 1994).

1.2.2 Area Frame: First Stage.-- The area frame was designed to represent the private schools
missing from the list frame. Additional sample schools were identified through an area
search of randomly selected primary sampling units (PSUs).

The 1993-94 PSS area frame was designed to produce approximately a 50% overlap with the
previous PSS. Consequently, the area frame consisted of two sets of sample PSU's: a
subsample of the 1991-92 PSS area frame sample PSU's (overlap): and an independent
sample of PSU's selected systematically with probabilities proportional to the square root of
1991 projected population.

The eight certainty PSUs in the 1991-92 PSS area frame remained in the 1993-94 SASS
sample with certainty. For 1993-94 PSS, the schools in the 1991-92 certainty area frame
PSUs were made a part of the list frame. Of the 60 PSUs in the 1991-92 PSS, there were 58
PSUs that had been in 1990-91 PSS for the first time and not previously been overlapped;
these were selected again for the 1993-94 PSS, thus becoming the 1993-94 overlap sample
of PSUs.

An additional 58 PSUs were selected independently. The United States was divided up into
2054 primary sampling units (PSUs). Each PSU consisted of a single county, independent
city or cluster of geographically contiguous areas defined so that each PSU had a minimum
population of 20,000 according to population projections for 1988, when the PSUs were first
formed. To avoid having PSUs covering too large a geographic area, in a few cases some
PSUs had less.

The strata were defined the same way as in the 1991-92 PSS area frame design: a) Census
region (4 levels -- Northeast, Midwest, South, and West), b) metro/nonmetro status (2 levels)
and c) whether the PSUs percent private school enrollment exceeded the median percent
private enrollment of the other PSUs in the Census region/metro status strata (2 levels - using
1980 Census data).

A minimum of two PSUs were allocated to each of the 16 strata (32 PSUs). Also 26
additional PSUs were allocated to the 16 strata to more nearly approximate a uniform
sampling fraction of PSUs from each stratum.

The nonoverlap PSUs were selected as a systematic sample with probability proportionate
to the square root of the 1991 projected PSU population. A total of 123 distinct PSUs were
in sample since one PSU was selected for both sets of samples. Its weight was adjusted to
appropriately reflect the duplication.

1.2.3 Area Sample Frame: Within PSU Construction. --Within each of the 123 PSUs, the Census
Bureau attempted to find all eligible private schools (i.e., nonpublic schools providing the
following: instruction for any grades 1 -12, instruction not provided exclusively in the home,
and a normal school day at least 4 hours long). An area canvas was not attempted. However,
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regional field staff created the frame using such sources as: yellow pages, non-Roman
Catholic religious institutions, local education agencies, Chamber of Commerce, and local
government offices. Roman Catholic religious institutions were not contacted because the
National Catholic Education Association provides a very complete list of parochial Catholic
schools. Once these lists of schools were constructed, they were matched with the updated
1993-94 list frame school file. Schools that did not match the list were considered part of
the area frame.

For 1993-94, a total of 355 additional schools were found in the area sample; of these, 158
were found in PSU's not selected with certainty (153 after removing duplications). They were
all included in sample as part of the area frame. The remaining 197 schools were in counties
selected with certainty; and, hence, could be added to the list frame before the selection of
the school sample.

1.2.4 Combined List and Area Samples. Data collection for the 1993-94 PSS was completed in
March 1994. The final response rate was 91.8 percent . Of the 28,229 schools selected in
the combined sample, some 3,741 cases were considered out-of-scope. The final weighted
total of in-scope schools was 26,067 -- with 24,067 weighted schools coming from the list
frame and 2,026 weighted cases from the area frame (after unduplication).

1.3 PRIVATE SCHOOL DESIGN IN THE SCHOOLS AND STAFFING SURVEY (SASS)

For the 1993-94 SASS, the private school portion was also selected using a dual
frame approach -- analogous to that for the 1993-94 PSS. The 1993-94 SASS list frame can
be considered simply a subsample of the 1993-94 PSS listcases. For the area frame, because
of operational timing issues, this was not possible. A detailed description has been provided
below, taken basically from Abramson et al 1996(See also Kaufman and Huang 1993).

1.3.1 List Frame.-- The 1993-94 SASS list frame used for private schools was the 1991-92 Private
School Survey (PSS) list frame before any updating with additional (association) lists. Before
sampling, duplicate schools were excluded from the frame. Schools that only teach
prekindergarten, kindergarten or adult education were also removed. After sampling
additional duplicates were discovered and eliminated as well.

1.3.2 Area Frame.-- The area frame sample consisted of two sets of sample PSUs: (1) a subsample
of the area frame PSU's selected from the 1991-92 PSS (overlap); and (2) a sample of PSUs
selected independently from the 1991-92 PSS area frame PSUs described in Section 1.2
above. By maintaining a fifty percent overlap of PSUs, the reliability of estimates of change
was maintained at a reasonable level, while reducing respondent burden.

1.3.3 Combined List and Area Samples.-- Data collection for the 1993-94 SASS was completed
in June of 1994. Of the 3,315 schools selected in the combined sample, some 241 cases were
considered out-of-scope, 2,585 schools were respondents and 489 schools were not
respondents. The final weighted SASS total of in-scope schools was 26,093 -- with 24,767
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weighted schools coming from the list frame and 1,326 cases from the SASS area frame
(after unduplication).

It may be worth commenting that the list portion of the PSS, as a universe count, is definitely
to be relied upon in any attempts at achieving intersurvey consistency. The area portions of the PSS
and SASS are both samples; and, hence, each has inherent variability. Adjusting the smaller SASS
area sample to the larger PSS area sample will help but adjusting both to some combination of the
two might be preferable to just relying on the PSS alone.

In this report, however, the PSS totals were taken as fixed and known with certainty. In later
SASS applications, other approaches will be recommended, including separating the coverage
adjustment in SASS from the survey itself. This point will be returned to later (See Section 4 and
also Kaufman and Scheuren 1996).

1.4 SELECTED COMMON VARIABLES AND THEIR DEFINITIONS

Listed below are definitions of the key variables used in this report. These have been taken
from several NCES reports -- notably Broughman (1996) and Broughman et al.(1994) plus McMillen
and Benson (1991). The typology classification is listed first. Definitions for school, teacher, and
student follow.

1.4.1 Typology.-- For the private school population, a typology exists which starts with the
categorization (Catholic, Other Religious, and Nonsectarian), and further subdivides each
group into three additional groups:

Catholic
o Parochial
o Diocesan
o Private

Other Religious
o Affiliated with a conservative Christian

school association
o Affiliated with national denomination or

other religious school association
o Unaffiliated

Nonsectarian
o Regular programs
o Special emphasis
o Special education



Among Catholic schools, the governance categories (Parochial, Diocesan, Private) are
strongly tied to differences in curriculum, student population characteristics, program
emphasis, and sources of revenue.

In the case of Other Religious schools, recent work documents major differences in
decisionmaking, educational goals, revenue, and enrollment trends between denomination
schools (e.g., Lutheran, Jewish, Seventh-day Adventist) and those non-denominational
schools affiliated with a Conservative Christian school association (e.g., Accelerated
Christian Education, American Association of Christian Schools, Association of Christian
Schools International, Oral Roberts Educational Fellowship). Schools in this latter type are
commonly known as evangelical or fundamental, and are not tied to a denomination per se,
but rather are governed by a single church, a foundation, or a local society. A third Other
Religious category, Unaffiliated, is included to capture those religious schools which affiliate
with neither a national denomination nor with a conservative Christian school association.

The three nonsectarian school categories are determined not by governance but by program
emphasis. This classification disentangles private schools offering a conventional academic
program (Regular) from those which either serve special needs children (Special Education)
or provide a program with a Special Emphasis (e.g., Arts, Vocational, Alternative).

1.4.2 Private School. -- A school is an institution for instruction which has (1) a minimum school
day of four hours per day, (2) a minimum of 160 days per year, (3) at least a first grade or
higher, and (4) one or more teachers. A private school is an institution which provides
instruction for any of grades 1-12, has one or more teachers to give instruction, is not
administered by a public agency, and is not operated in a private home.

1.4.3 Teacher. In general, any full-time or part-time teacher whose school reported that his or
her primary assignment was teaching in any of grades K-12. In other words, a headcount has
been employed. See table 13 (page 18) of Broughman (1996) for the comparable concept and
further PSS tabular detail.

1.4.4 Student. Individuals identified in the PSS or SASS as enrolled in a private school for
instruction in a pre-kindergarten, kindergarten, grades 1 to 12, ungraded or post-secondary
class. In defining whether or not a school was eligible or not to be in PSS/SASS, it had,
however, to have at least one grade in 1-12.



2. INITIAL ATTEMPTS AT ACHIEVING INTERSURVEY CONSISTENCY

For NCES Private School Surveys alternatives do exist which permit simultaneous
consistency or near consistency in totals for schools, teachers, and students. In particular, the
Generalized Least Squares (GLS) techniques advocated by Devi lle and Sarndal (1992) can be used,
as in Imbens and Hellerstein (1993). While the asymptotic properties of GLS and GLS-like
estimators are attractive, their finite sampling properties are not necessarily desirable. Possible
operational concerns with GLS procedures include:

(1) Some of the resulting weights may be less than one (and may even be negative).

(2) The procedure may be difficult to implement (when excessively small weights
exist).

S

p

(3) Also, the effect on estimates not directly adjusted is unknown (and could be
harmful).

The initial work on GLS estimators might be said to date at least back to Deming and
Stephan (1942). A near complete set of references through most of the 1970s can be found in Oh and
Scheuren (1978b). Among the most important of these is that by Ireland and Kullback (1968) which
gives the first convergence proof for the original Deming-Stephan algorithm.

Major recent papers include, Bankier (1990); Brewer (1995), Deville and Sarndal (1992);
Deville, Sarndal, and Sautory (1993); Fuller et al (1994), Imbens and Hellerstein (1993), Jayasuriya
and Valliant (1995), Kott (1996), Little(1991), plus Little and Wu(1991). The recent book, entitled
Model Assisted Survey Sampling, by Sarndal, Swensson, and Wretman (1992) is an important source
too.

Except for Oh and Scheuren (1978a) and Imbens and Hellerstein (1993), the GLS
applications covered have been univariate in nature. Now, as already mentioned, in the SASS setting
the problem is inherently three-dimensional: Schools, Teachers, and Students -- each of which needs
to agree with an independent PSS total.

In the main body of this report two alternatives will be covered. Both are variants of the
approach in Imbens and Hellerstein (1993), as suggested independently by Burton(1989):

-- The basic modified GLS approach is described first (section 2.1),
as originally proposed and employed in NCES Working Paper No.
95-16 (Li and Scheuren 1995).

-- Problems uncovered with the basic GLS approach lead to an
alternative, which is a variant (see section 2.2)of an idea by Olkin
(1958).



-- This section concludes with a discussion of possible evaluation
criteria, leading naturally into the applications to follow.

In an appendix at the end of the report there is a completely worked illustration of the computations.
Also found there is still another GLS variant that was considered but had to be discarded.

2.1 MODIFIED GENERALIZED LEAST SQUARES (GLS) ESTIMATION

To discuss the basic algorithm employed in Generalized Least Squares, it is necessary to define some
notation; in particular --

wi is the original SASS Private School base weight for the ith SASS observation,
i=1,...,n.

is the SASS total of teachers for ith SASS observation, i=1,...,n.

si is the SASS total of the students for the ith SASS observation, i=1,...,n.

N is the total estimated number of schools, as given by PSS.

T is the total estimated number of teachers, as given by PSS.

S is the estimated total number of schools, as given by PSS.

In reweighting SASS three constraints are imposed on the new weights up

=N

uiti =T

Euisi =S

For our application the new weights ui, subject to these constraints, are to be chosen, as in Burton
(1989), to minimize a loss function which can be written as the sum of squares:

E(u, wy



I
This is perhaps the simplest and most straightforward loss function that might be chosen.

Motivating it here is outside our present scope, except to say that the sensitivity of the final results
to the loss function chosen (e.g.,Deville and Sarndal, 1992, Deville et al., 1993) seems not to be too
great (but this is, in part, an application issue and will be among the areas for future study, as set
forth at the end of this report).

Now the usual Lagrange multiplier formulation of this problem yields after some algebra that
the new weights are of the form:

ui = wi + + X3Si

where the X's are obtained from the matrix expression

I

I

I

d = MX

with the vector d consisting of three elements, each a difference between the corresponding PSS and
SASS totals for schools (first component), teachers (second component), and students (third
component); in particular

N E wi

T E wit;

S _ E wisi

where the summations are over the SASS sample observations and the quantities: N, T, and S are
known PSS totals for schools (N), teachers (T), and students (S) respectively.

The matrix M is given by:

n Et; Es;

Et2i EtiSi

Es, Etisi Es21

and X is the vector of unknown GLS adjustment factors obtained from:

X =M-'d

9



(Notice that the M matrix is based solely on the unweighted sample relationships among schools,
teachers and students. This is not an essential feature of our approach; and, indeed, had we used
another loss function, a weighted version of the M matrix could have been used, as is discussed later
in this report.)

2.2 OLKIN VARIATION OF BASIC GLS APPROACH

Based on concerns raised in our pilot application of GLS, it seemed worthwhile to see ifa
reweighting step could be introduced before the GLS algorithm was employed. An old idea of
Olkin(1958) formed our starting point.

Assume we have a total T, say, of student enrollment in the current application. Suppose
further, as is the case here, that this is to be estimated from a sample. Olkin proposed a multivariate

ratio estimator for which, in our case, can be written as

Y = a, Riw. + a2R2t. + a3R3s.

where the ai are positive and add to 1, the xi are sample totals and the It; are conventional ratios

estimated from the sample of and Xi of the form

where

RI = S/N

R2 = S/T

R3 = S/S

the lower case Roman letters w., t., and s. are the sample (SASS) estimates and

the upper case Roman letters N, T, and S are the target (PSS) values to be attained.

10
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In the present report, the a, are simply chosen to be equal to one-third; however, a more natural
approach would be to select them so as to minimize the variance of Y. Given the complex sample
design of SASS, though, this has been left for the future.

In principle, an Olkin adjustment to the original weights could be produced within whatever
domain is desired; then in order to determine the "new" weight for that domain, all the cases would
be adjusted such that they would have new weights

where the overall ratio r is obtained by taking Y and dividing it by the corresponding estimate
obtained from the original sample.

The intuition is that if the Olkin estimation is first carried out for small (appropriate)
subdomains, then there would be a direct benefit from this step in those subdomains. The "r"
adjustment has the effect of making a weighted convex combination of the di's equal to zero.
Intuitively, this was expected to reduce the number of negative weights; and, when done separately
within subclasses, to achieve some of the usual benefits of post-stratification. Finally, because the
overall PSS/SASS differences shrink appreciably, the Olkin adjustment would be expected to
minimize any harm that GLS might do.

In the section which follows, we have tested our greatly simplified Olkin-like approach to
GLS by applying it over suitable subdomains by school size (leaving for later, as already mentioned,
a way to choose the a, so as to minimize the variance of the estimator).

2.3 DISCUSSION

So far the GLS algorithms have been discussed as if the issues were simply computational.
In point of fact. the real challenges arising in any SASS implementation require statistical judgments.
Among these are:

Deciding on the level of SASS at which the constraints are to be imposed. For example,
from a subject-matter perspective, it seems appropriate to do GLS estimation separately
within the nine private school typologies (as done for this report). For some of the larger
typologies. moreover, maybe even finer groupings might be attempted (say, school level or
urbanicity). At what point will the potential benefits of a GLS adjustment outweigh the
harm? (See Subsection 3.6 for an example where the GLS was applied below the typology
level.)

An issue with the Olkin-like version of GLS is choosing suitable subdomains for the initial
ratio adjustment to be employed before the GLS reweighting. Here we have used domains
defined by school size within typologies. Had it been possible domains by type of locality
could also have been tried. Indeed, a two-dimensional 011cin-like adjustment might have been
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done using a raking version of our proposal (a point that will be returned too in the
concluding section).

Avoiding GLS weights ui that are negative or too small (i.e., given that each SASS
observation always represents at least itself, a natural requirement to impose is thatui z 1 for
all i). This concern is particularly troublesome because of the seemingly ad hoc flavor of
what may be needed to get acceptable weights (however, see Huang, 1978). Since in SASS
many of the largest schools have weights near one this problem led us to propose a partial
imputation strategy. In particular, for the largest SASS schools, GLS reweighting will not be
carried out; instead, a direct use of the PSS cases is envisioned where, through statistical
matching of SASS with PSS, the SASS data will be imputed onto one or more of the PSS
observations. (See Scheuren 1996 and Section 4 of this report for more discussion).

Clearly, concepts like "benefit" and "harm" are not uniquely defined. In the formulation here,
"benefits" will include not only intersurvey consistency between SASS and PSS but also usual
criteria like reductions in the mean square error of estimates not constrained directly. The concept
of "harm" is somewhat more elusive still. Among the factors to consider are obvious ones such as --

How difficult (expensive) is the method to implement, including to explain?

How sensitive are unconstrained estimates to seemingly small but arbitrary decisions in the
way the method is applied?

A measure of "harm" that grows directly out of GLS is to look at what is happening to the
variances of the weights as successive constraints are applied. A variant of this is to examine the
ratio of the sums of the squared weights (where adjusted is divided by original),

Eui2/E,2

The intuitive notion here is that the larger this ratio the greater the possible harm to a statistic
not correlated with the quantities being constrained. This is the approach taken in the Appendix. The
range of the weights is also another indicator of harm (Li and Scheuren 1995). Mainly, though, we
will be using regression measures to study what impacts the adjustments have in the variability of
the weights (See Section 3).

To look at the mean square error of the GLS estimators obtained in SASS, a direct
comparison will also be made (as in Section 3 below) to selected comparable PSS quantities not
directly used in the GLS process. This so-called independent assessment will involve data by
urbanicity and school size -- items, in part at least, not used in the GLS adjustment.

12



3. RESULTS OF GLS APPLICATIONS BY TYPE OF SCHOOL

For the nine major types of private schools, there has been an attempt to employ the modified
GLS algorithm discussed in Section 2. These applications were done separately and have been
reported on as such here.

The approach taken in all instances is the same. The presentation begins with an overall
description for a typology of the PSS and original SASS totals for schools, teachers, and students;
next there is an in-depth look at the relationship between teacher and student totals in the two
sources. This is followed by a documentation of how the weight adjustment factors, the A's, were
derived (plus what they mean for the particular typology). The actual operating characteristics of
the resulting weights are then extensively commented on. An independent assessment (by
community type and school size) of the adjustments on variables not directly impacted comes next.
Comparisons to the 1990-91 pilot work have been deferred to Section 4.

Each typology can be read as a case study, standing alone. Familiarity with scatterplot
matrices (e.g., Cleveland, 1993) is assumed; beyond that, there are no special analytic tools used that
are not either well-known or explained as they are taken up.

Comparisons across typologies are left to the Summary and Recommendations Section
(Section 4). It is fair to say, though, that on the whole the 011cin GLS calculations were reasonably
successful. Our expectations were both that they would lead to improvements in SASS mean square
error and that operational difficulties would be lessened. The partial results obtained so far bear this
out.

3.1 CATHOLIC PAROCHIAL TYPOLOGY

The Catholic Parochial typology represents the largest single type of private school. For
example, in the 1993-94 Private School Survey, there were an estimated 5,127 Catholic Parochial
schools or about 20% of the private school total for that year.

In table 1.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the school totals are already very close (within 0.7%); but that SASS has many fewer
teachers and students than are shown in PSS (3.2% and 1.7% less respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 1.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 407 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along the same axis. In fact,
the slope of the student/teacher relationship is 17.5 for PSS and 17.2 for SASS -- virtually
indistinguishable. While not directly comparable because of differences in sample designs, the R2
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Table 1.1 Catholic Parochial: Weighted schools totals before excluding outliers
(Based on 4,964 PSS and 407 SASS sample schools)

Variable PSS SASS Difference

Schools 5,127 5,092 35
Teachers 79,736 77,168 2,568
Students 1,409,828 1,385,587 24,241

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 1.2 Catholic Parochial: Weighted schools totals after excluding outliers
(Based on 4,931 PSS and 401 SASS sample schools)

Variable PSS SASS Difference

Schools 5,093 5,061 32
Teachers 77,909 75,719 2,190
Students 1,378,215 1,352,296 25,919

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 1.1 Catholic Parochial: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(before removing outliers)
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Figure 1.2 Catholic Parochial: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(after removing outliers)

Student
Enrollment

2,000

1,800

1,600 _

1,400

1,200

1,000

SASS (401 cases)
y = 17.163x
R2 = 0.7033

0 50

PSS (4,931 cases)
y = 17.797x
R2 = 0.7258

100

Number of teachers

150

PSS

A SASS

Linear (SASS)

- - Linear (PSS)

200

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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values for the student/teacher ratios in both (unweighted) samples are nearly the same too -- at R2
= .69 (PSS) and R2 = .73 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing this new estimator, a decision was first made about which sample cases to
use (see section 3.1.1); then the Olkin factors were calculated and applied to the original SASS
weights, before carrying out the GLS adjustment (see section 3.1.2). The results of the basic GLS
were also obtained (section 3.1.3). Operational considerations are covered next and comparisons
made to the original SASS weighted sample and to the Olkin GLS and Basic GLS versions (section
3.1.4). An independent assessment (section 3.1.5) concludes the discussion.

3.1.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 1.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.

For the Catholic Parochial typology, simple visual inspection seemed sufficient, resulting in
a reduced PSS sample(from 4,964 to 4,931 cases)and a correspondingly reduced SASS
sample (from 407 to 401 cases). Figure 1.2 is the plot of the remaining cases. Notice that the
student/teacher relationships are little changed overall from those in figure 1.1; however, the
scatter in both samples is considerably tighter.

3.1.2 Olkin GLS Procedure Employed. -- To carry out the 011dn GLS weighting the equation

1=M4d

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 1.2 below.

To carry out the Olkin GLS, the schools were grouped into three school size classes
(under 150 students, 150 to 499, and 500 and above). After the Olkin adjustment to each of
the three school size groups, the difference between PSS and SASS had shrunk considerably
in overall absolute value to

-8
d = 707

-9031
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The matrix M was obtained by tabulating the 1993-94 SASS file for the Catholic Parochial
schools in the SASS sample. The values are

401 6674 116836

6674 140180 2405940

116836 2405940 44352886

Solving for A yields

A' = (-0.3129, +0.13469, -0.006686)

and the Olkin GLS weights are of the form

u; = - 0.3129 + 0.13469t; - 0.006686%

Notice that all the original weights are lowered (by about .3); and, then, depending on the
teacher and student counts in the sampled school, they may be increased again or lowered
further (usually they would not be "lowered further" except for the very largest schools).
These additional school-by-school adjustments do not appear to be too drastic -- given that
the coefficients on the teacher and student counts are so small. One final comment, while
the values for A are only shown to six significant digits, the calculations have been carried
out in double precision.

3.1.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

=M-'d

again needs to be solved. It is immediate from table 1.2 above that d for the basic GLS would
be

31

d = 2,190
25,919

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Catholic Parochial schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

18



Solving for A. yields this time

= (-0.78907, +0.10853, -0.00322)

and the basic GLS weights are of the form

= w; - 0.78907 + 0.10853t1 - 0.00322s;

Notice that all the original weights are again lowered (but by over twice as much this time
as was done for the Olkin GLS); and, then, depending on the teacher and student counts in
the sampled school, they may be increased again or lowered further (usually they would not
be "lowered further" except for the very largest schools). These additional school-by-school
adjustments do not appear to be too drastic -- given that the coefficients on the teacher and
student counts remain, as was the case with the 011dn GLS, quite small. Looking just at the
equation, concerns about negative weights might arise but, as will be seen below, these did
not materialize.

3.1.4 Operational Characteristics. -- Both the Basic and Olkin GLS reweighting done, as described
above, seems to have worked well. To indicate why this observation is made, several
"diagnostics" will be looked at. One statistic that may merit immediate attention is what
happened to the spread in the weights themselves. Did the spread grow larger or smaller?

Figure 1.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. Both GLS weights have a smaller spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
larger than the GLS (or x) weights; obviously, though, these differences are in no way
important.

The R2 values shown in the upper panel in figure 1.3 might be commented on too, along
with the appearance of the scatter itself. In particular, very little evidence exists to indicate
that either of the reweighting approaches altered the original weights in any major way. The
R2 values are both above 0.97 and most of the points lie close to the 45 degree line. The
problem of negative weights did not arise either and there was only one case where the
weight was less than one.

A brief comment might be made on the differences between the Basic and 011dn GLS
weights. Figure 1.3 will continue to be our source. This time, though, look at panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The Basic
GLS (or y) values are slightly larger than the 011dn GLS (or x) values; but ever so slightly.
There is virtually no difference in the weights -- as evidenced by an R2 of .99 between the
two methods. The plotted points confirm this.

3.1.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Catholic Parochial Typology are available in tables 1.3 and 1.4, plus
figure 1.4:

19



-- Table 1.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 1.4 is based on table 1.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 1.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice that a log scale has been used here.

One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 1.3 and especially 1.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS in 11 out of 18 times and closer than the Basic GLS in 9 out of 18 comparisons. Thus
in half or more of the cases, the Olkin method is to be favored. The data by community type
are more mixed, as might be expected since the Olkin approach did not try to control by
community type, as it had by school size.

In figure 1.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = .9998x. There is some roughness around this average, however,
as displayed visually and summarized by the R2 value which is equal to R2 = .9532. Still this
is quite good, suggesting that the SASS sample of Catholic Parochial schools is excellent.

As in figure 1.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit yields the relationship y = .9938x. Again, the average results for this method remain good.
Somewhat less roughness is exhibited around the average as evidenced by the slightly larger
R2 value in this case( R2 = .9609).

Finally, in figure 1.4, it can be seen that for the Olkin GLS weighted SASS sample the
regression fit yields a relationship with the PSS totals of y = .9977x. The average results for
this method are slightly better than the other two. In particular, somewhat less roughness is
exhibited around the average as evidenced by the slightly larger R2 value in this case( R2 =
.9634).

What can be concluded about this typology? Neither the Basic nor the Olkin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, they both
hit the overall PSS school, teacher, and student totals exactly. The Olkin method,
furthermore and not surprisingly, does as well or better than the other two when estimates
are looked at by school size.
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While the overall GLS performance is good to quite good, nonetheless, in individual cells,
especially for the largest schools, the GLS estimates seem to have made matters worse. Ways
to have done better were possible and, in typologies adjusted later, some were tried. In the
summary and recommendations section, comments will be made about how the 011dn GLS
might be improved further, leading to still better results.
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Figure 1.3 Catholic Parochial: Scatterplot matrix comparing original, basic GLS, and Olkin GLS
weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993- 94.



Figure 1.4 Catholic Parochial: Scatterplot matrix comparing estimated PSS, original, Olkin GLS, and
basic GLS SASS totals by school size and community type from Table 1.3

(in log scale)
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Table 1.3 - Catholic Parochial: Estimates by school size and community type, PSS and SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (4,931 schools)

1 - 149
School
Teacher
Student

222
2,103

25,608

261
2,311

27,713

458
3,849

46,694

941
8,262

100,015
School 1,227 870 432 2,528

150 - 299 Teacher 15,644 11,900 5,673 33,217
Student 274,641 194,800 89,701 559,142
School 609 454 104 1,168

300 - 499 Teacher 11,795 9,168 2,242 23,205
Student 233,001 171,599 39,600 444,200
School 236 149 25 409

500 - 749 Teacher 6,465 4,088 767 11,319
Student 137,713 85,511 14,293 237,517
School 24 18 4 46

750 + Teacher 982 736 189 1,907
Student 19,121 14,883 3,337 37,341
School 2,318 1,752 1,022 5,092

Total Teacher 36,988 28,202 12,719 77,909
Student 690,084 494,507 193,624 1,378,215

a

Part II - Original SASS total (401 schools)

1 - 149
School
Teacher
Student

216
2,421

28,262

261
2,277

25,000

563
4,813

60,574

1,041
9,511

113,836
School 1,238 865 393 2,496

150 - 299 Teacher 15,196 11,868 5,126 32,190
Student 274,690 198,691 84,185 557,565
School 596 372 118 1,086

300 - 499 Teacher 11,530 6,992 2,738 21,260
Student 228,439 138,177 45,032 411,648
School 238 135 4 377

500 - 749 Teacher 6,617 3,595 153 10,366
Student 142,174 75,851 2,034 220,059
School 22 22 17 61

750 + Teacher 1,003 754 634 2,392
Student 18,046 17,861 13,280 49,187
School 2,310 1,656 1,095 5,061

Total Teacher 36,768 25,487 13,465 75,719
Student 691,611 455,580 205,106 1,352,296

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 1.3 - Catholic Parochial: Estimates by school size and community type, PSS and SASS compared
(cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part III - Olkin GLS SASS total (401 schools)

1 - 149
School
Teacher
Student

197

2,230
25,707

236
2,079

22,669

502
4,316

54,017

935
8,625

102,393
School 1,280 902 411 2,593

150 - 299 Teacher 15,818 12,413 5,394 33,626
Student 283,942 206,702 87,796 578,440
School 610 383 129 1,121

300 - 499 Teacher 11,906 7,254 3,035 22,195
Student 233,284 142,014 49,232 424,530
School 239 135 6 380

500 - 749 Teacher 6,872 3,683 216 10,772
Student 143,128 75,890 2,868 221,886
School 26 20 17 63

750 + Teacher 1,321 737 634 2,691
Student 21,044 16,874 13,048 50,966
School 2,352 1,676 1,064 5,092

Total Teacher 38,148 26,167 13,594 77,909
Student 707,105 464,149 206,961 1,378,215

Part IV - Basic GLS SASS total (401 schools)

1 - 149
School
Teacher
Student

217
2,447

28,328

260
2,280

24,911

557
4,781

59,962

1,034
9,507

113,201
School 1,226 863 392 2,482

150 - 299 Teacher 15,150 11,886 5,147 32,183
Student 272,311 198,251 83,966 554,527
School 603 378 127 1,107

300 - 499 Teacher 11,773 7,162 3,009 21,944
Student 231,149 140,305 48,892 420,346
School 251 141 6 398

500 - 749 Teacher 7,240 3,826 223 11,288
Student 150,916 79,020 2,953 232,889
School 28 24 19 71

750 + Teacher 1,415 870 702 2,987
Student 22,965 19,784 14,502 57,251
School 2,325 1,665 1,102 5,092

Total Teacher 38,025 26,023 13,862 77,909
Student 705,668 462,271 210,275 1,378,215

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 1.4 - Catholic Parochial: Estimates by school size and community type, PSS and SASS compared
in percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent Difference from PSS and Original SASS totals

1 - 149
School
Teacher
Student

2.80
-15.13
-10.36

-0.19
1.45

9.79

-23.05
-25.05
-29.73

-10.60
-15.12
-13.82

School -0.94 0.60 8.83 1.26
150 - 299 Teacher 2.86 0.27 9.64 3.09

Student -0.02 -2.00 6.15 0.28
School 2.24 17.98 -13.20 6.99

300 - 499 Teacher 2.24 23.74 -22.13 8.38
Student 1.96 19.48 -13.72 7.33
School -0.78 8.82 84.01 7.81

500 - 749 Teacher -2.35 12.05 79.98 8.42
Student -3.24 11.30 85.77 7.35
School 8.20 -17.74 -313.98 -30.90

750 + Teacher -2.14 -2.52 -236.23 -25.45
Student 5.62 -20.01 -298.00 -31.72

Total School 0.37 5.49 -7.19 0.61
% diff Teacher 0.60 9.63 -5.86 2.81
from PSS Student -0.22 7.87 -5.93 1.88

Percent Difference from PSS and Olkin GLS SASS totals

1 - 149
School
Teacher
Student

11.41

-6.05
-0.39

9.56
10.02
18.20

-9.74
-12.14
-15.68

0.61

-4.39
-2.38

School -4.35 -3.63 4.77 -2.54
150 - 299 Teacher -1.12 -4.32 4.93 -1.23

Student -3.39 -6.11 2.12 -3.45
School -0.02 15.67 -23.71 3.97

300 - 499 Teacher -0.94 20.87 -35.38 4.35
Student -0.12 17.24 -24.32 4.43
School -1.34 8.82 77.48 7.10

500 - 749 Teacher -6.30 9.89 71.78 4.84
Student -3.93 11.25 79.94 6.58
School -8.37 -11.10 -306.51 -36.13

750 + Teacher -34.52 -0.09 -235.81 -41.15
Student -10.06 -13.38 -291.03 -36.49

Total School -1.44 4.32 -4.14 0.00
% diff Teacher -3.13 7.21 -6.88 0.00
from PSS Student -2.47 6.14 -6.89 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 1.4 - Catholic Parochial: Estimates by school size and community type, PSS and SASS compared
in percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals

1 - 149
School
Teacher
Student

2.46
-16.34
-10.62

0.47
1.34

10.11

-21.78
-24.22
-28.42

-9.88
-15.07
-13.18

School 0.02 0.76 9.07 1.82
150 - 299 Teacher 3.16 0.11 9.28 3.11

Student 0.85 -1.77 6.39 0.83
School 1.13 16.86 -22.48 5.15

300 - 499 Teacher 0.19 21.88 -34.22 5.43
Student 0.79 18.24 -23.47 5.37
School -6.51 5.25 76.83 2.78

500 - 749 Teacher -11.99 6.41 70.94 0.27
Student -9.59 7.59 79.34 1.95
School -18.08 -30.03 -351.81 -52.66

750 + Teacher -44.09 -18.19 -272.29 -56.68
Student -20.10 -32.93 -334.62 -53.32

Total School -0.30 4.95 -7.79 0.00
% diff Teacher -2.80 7.73 -8.98 0.00
from PSS Student -2.26 6.52 -8.60 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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3.2 CATHOLIC DIOCESAN TYPOLOGY

The Catholic Diocesan typology represents the second largest type of private school in terms
of students. For example, in the 1993-94 Private School Survey, there were an estimated 2,371
Catholic Diocesan schools or about 9% of the private school total for thatyear. However, the number
of students in such schools, at over 750,000 is a much larger percentage of the overall student total
(at 16 percent).

In table 2.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school totals are greater than the PSS (by about 2.6%); SASS also estimates
more teachers and students than are shown in PSS (3.1% and 5.2% more respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 2.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 262 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along essentially the same axis.
In fact, the slope of the student/teacher relationship is 16.7 for PSS and 16.4 for SASS -- virtually
indistinguishable (Indeed, the least squares lines are touching over most of their length). While not
directly comparable because of differences in sample designs, the R2 values for the student/teacher
ratios in both (unweighted) samples show analytically what can be observed from the graph, namely
that the scatter is quite close around the average teacher/student relationship. These values are R2 =
.84 (PSS) and R2 = .88 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.2.1); then the 011cin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.2.2). The results of the Basic
GLS were also obtained (section 3.2.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the Olkin GLS and Basic GLS
versions (section 3.2.4). An independent assessment (section 3.2.5) concludes the discussion.

3.2.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 2.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.
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Table 2.1 Catholic Diocesan: Weighted schools totals before excluding outliers
(Based on 2,285 PSS and 262 SASS sample schools)

Variable PSS SASS Difference

Schools 2,371

Teachers 44,997
Students 751,175

2,432
46,400

790,442

-61
-1,402

-39,267

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.

Table 2.2 Catholic Diocesan: Weighted schools totals after excluding outliers
(Based on 2,262 PSS and 256 SASS sample schools)

9 Variable PSS SASS Difference

Schools 2,347 2,424 -77
Teachers 43,112 44,948 -1,836
Students 713,845 762,146 -48,301

S SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



Figure 2.1 Catholic Diocesan: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(before removing outliers)
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 2.2 Catholic Diocesan: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(after removing outliers)
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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For the Catholic Diocesan typology, simple visual inspection seemed sufficient, resulting in
a reduced PSS sample (from 2,285 to 2262 cases) and a correspondingly reduced SASS
sample (from 262 to 256 cases). Figure 2.2 is theplot of the remaining cases. Notice that the
student/teacher relationships are little changed overall from those in figure 2.1; however, the
scatter of points in both samples is visually even tighter. (Ironically, because the largest
(influential) observations have been dropped, the R2 values dropped slightly.)

3.2.2 Olkin GLS Procedure Employed. -- To carry out the 011cin GLS weighting the equation

1=M-id

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 2.2 below.

To carry out the 011cin GLS, the schools were placed into four school size classes (under 150,
150 to 499, 500 to 749, 750 and above).

After the 011cin adjustment, the difference between the PSS and SASS estimates had shrunk
considerably (in overall absolute value) to

12
d = 289

-7974

The matrix M was obtained by tabulating the 1993-94 SASS file for the Catholic Diocesan
schools in the SASS sample. The values are

256 6338 103863

6338 218042 3500414

103863 3500414 58790303

Solving for A yields

A' = (+.19973, +0.07611, -0.00502)

and the Olkin GLS weights are of the form

= w; + 0.19973 + 0.07611t1 - 0.00502s;
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Notice that all the original weights are raised slightly (by about .2); and, then, depending on
the teacher and student counts in the sampled school, they may be in-creased again or
lowered further (usually they would not be "lowered further" except for the very largest
schools). These additional school-by-school adjustments do not appear to be too drastic --
given that the coefficients on the teacher and student counts are so small. One final
comment, while the values for 1l are only shown to six significant digits, the calculations
have been carried out in double precision.

3.2.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

1=M4d

again needs to be solved. It is immediate from table 1.2 above that d for the Basic GLS
would be

-67
d = -1836

-48301

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Catholic Diocesan schools in the SASS sample. Because the 011cin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for A yields this time

= (+.02346, +0.10765, -0.00727)

and the basic GLS weights are of the form

u; = w; + 0.02346 + 0.10765t; - 0.00727s;

Notice that all the original weights are raised very slightly (not as much as the 011cin GLS
though); and, then, depending on the teacher and student counts in the sampled school, they
may be increased again or lowered further (usually they would not be "lowered further"
except for the very largest schools). These additional school-by-school adjustments do not
appear to be too drastic -- given that the coefficients on the teacher and student counts are
so small. They are larger in absolute value, though, than for the Olkin adjustment, a pattern
that was expected (and which turns out to be generally true for all typologies). Looking just
at the equation, concerns about negative weights arise but, as will be seen below, these did
not materialize.

3.2.4 Operational Characteristics. -- To examine the Basic and Olkin GLS reweighting done,
several "diagnostics" will be looked at. One statistic that may merit immediate attention is

33

41



what happened to the spread in the weights themselves. Did the spread grow larger or
smaller?

Figure 2.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The Basic GLS weight has a smaller spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
larger than the GLS (or x) weights (since the equation which fits them is y = 1.017x). For the
Olkin GLS, the variability in the weights is somewhat greater than in the original SASS (with
the equation relating them being of the form y = .994x).

While the overall differences in scale between the weights appear unimportant, the scatter
for the Olkin GLS shows a distinct break between the original data and the final 011cin
weights for the largest schools.

The R2 values shown in the upper panel in figures 2.3 might be commented on too. Despite
the appearance of the scatter itself, very little evidence exists to indicate that either of the
reweighting approaches altered the original weights in any major way. The R2 valuesare both
at or above 0.92 and most of the points lie close to the 45 degree line. The problem of
negative weights did not arise for the Olkin GLS, although there was one school with a
weight smaller than one. For the Basic GLS, the results were not quite as good. A negative
weight existed, and there were two cases with weights less than one.

A brief comment might be made on the differences between the Basic and 011cin GLS
weights. Figure 2.3 will continue to be our source. This time, though, look at panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The basic
GLS (or y) values are slightly smaller than the Olkin GLS (or x) values; but ever so slightly.
There is virtually no overall difference in the weights -- as evidenced by an R2 of .95 between
the two methods. The plotted points do indicate some departures though, as noted earlier,
among the largest schools.

3.2.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Catholic Diocesan Typology are available in tables 2.3 and 2.4, plus
figure 2.4:

-- Table 2.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, 011cin, and Basic
GLS estimates respectively.

-- Table 2.4 is based on table 2.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 2.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice that a log scale has been used here.

34



I
One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 2.3 and especially 2.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS 11/18 times and closer than the Basic GLS in 13/18 comparisons. Thus, in well over
half of the cases, the Olkin method is to be favored.

The results by community type are more mixed, as might be expected, since the 011cin
approach did not try to control by community type (as it had by school size). The rural
schools estimates, for example, were better using the original SASS weights than with either
of the GLS estimators. On the other hand, the Olkin GLS was marked better than the original
SASS data for central city or urban fringe/small town estimates.

In figure 2.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = 1.0005x. There is a little roughness around this average, however,
as displayed visually and summarized by the R2 value which is equal to R2 = .9848. This is
extremely good, suggesting that the SASS sample of Catholic Diocesan schools is excellent.

As in figure 2.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = 1.0026x. Again, the average results for this method
remain good. Somewhat less roughness is exhibited around the average as evidenced by the
slightly larger R2 value in this case( R2 = .987).

Finally, in figure 2.4, it can be seen that for the OLkin GLS weighted SASS sample the
regression fit yields the relationship y = 1.0073x. The average results for this method are
again comparable to the other two, with an R2 value in this case of R2 = .9842.

What can be concluded about this typology? Neither the Basic nor the Olkin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, they both
hit the overall PSS school, teacher, and student totals exactly. The Olkin method,
furthermore and not surprisingly, does as well or better than the other two when estimates
are looked at by school size. The Basic GLS method has a negative weight; and, if it were
to be used, further work would be needed on it.

In the summary and recommendations section, additional comments will be made about how
the Olkin GLS might be improved further, leading to still better results.



Figure 2.3 Catholic Diocesan: Scatterplot matrix comparing original, basic GLS, and Olkin GLS
weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 2.4 Catholic Diocesan: Scatterplot matrix comparing estimated PSS, original, Olkin GLS, and
basic GLS SASS totals by school size and community type from Table 2.3
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Table 2.3 - Catholic Diocesan: Estimates by school size and community type, PSS and SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (2,262 schools)

1 - 149
School
Teacher
Student

126
1,202

13,305

112

968
10,689

205
1,751

21,372

443
3,921

45,366
School 474 344 202 1,021

150 - 299 Teacher 6,417 4,815 2,922 14,154
Student 105,817 77,506 42,187 225,510
School 302 193 57 552

300 - 499 Teacher 6,691 4,067 1,333 12,092
Student 115,864 73,173 21,262 210,299
School 117 88 12 217

500 - 749 Teacher 3,904 2,888 443 7,235
Student 69,818 52,497 7,215 129,530
School 77 35 2 113

750 + Teacher 3,815 1,771 124 5,710
Student 69,206 32,337 1,598 103,141
School 1,096 772 479 2,347

Total Teacher 22,029 14,509 6,574 43,112
Student 374,010 246,201 93,634 713,845

Part II - Original SASS total (256 schools)

1 - 149
School
Teacher
Student

73
724

7,985

61

498
5,183

229
1,988

25,609

363
3,210

38,777
School 461 411 186 1,058

150 - 299 Teacher 6,245 5,399 2,953 14,597
Student 105,486 89,506 40,061 235,053
School 345 271 41 658

300 - 499 Teacher 7,047 5,626 701 13,375
Student 133,502 103,563 13,611 250,676
School 131 66 22 219

500 - 749 Teacher 4,888 2,329 627 7,844
Student 79,003 39,644 12,091 130,738
School 78 37 3 118

750 + Teacher 3,747 2,009 166 5,922
Student 69,654 34,837 2,410 106,901
School 1,087 845 482 2,414

Total Teacher 22,652 15,861 6,435 44,948
Student 395,631 272,732 93,783 762,146

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.

38

46

41



S

I

S

I

IP

S

IP

Table 2.3 - Catholic Diocesan: Estimates by school size and community type, PSS and SASS compared
(cont'd)

School Size
Community Type

Urban Fringe / Rural /
Central City Large Town Small Town

Total

Part III - Olkin GLS SASS total (256 schools)

1 - 149
School
Teacher
Student

90
896

9,819

75

615
6,380

281

2,456
31,398

445
3,967

47,597
School 427 381 178 985

150 - 299 Teacher 5,808 5,033 2,842 13,684
Student 97,645 82,956 38,270 218,871
School 316 247 38 601

300 - 499 Teacher 6,574 5,161 645 12,380
Student 122,385 94,225 12,289 228,899
School 129 65 21 214

500 - 749 Teacher 4,925 2,361 611 7,896
Student 77,369 39,086 11,537 127,992

School 67 31 3 101

750+ Teacher 3,274 1,729 181 5,185
Student 59,752 28,103 2,632 90,487
School 1,028 799 520 2,347

Total Teacher 21,478 14,900 6,735 43,112
Student 366,969 250,750 96,127 713,845

Part IV - Basic GLS SASS total (256 schools)

1 - 149
School
Teacher
Student

74

744

8,124

62
510

5,291

233
2,038

25,957

369
3,293

39,372
School 456 407 191 1,053

150 - 299 Teacher 6,207 5,375 3,050 14,633
Student 104,258 88,487 41,017 233,762
School 331 259 39 629

300 - 499 Teacher 6,895 5,403 667 12,966
Student 128,188 98,571 12,677 239,436
School 126 63 20 210

500 - 749 Teacher 4,836 2,336 596 7,767
Student 75,126 38,407 11,245 124,778
School 58 25 3 87

750 + Teacher 2,838 1,442 174 4,454
Student 51,668 22,306 2,523 76,497
School 1,045 817 485 2,347

Total Teacher 21,519 15,067 6,526 43,112
Student 367,363 253,062 93,420 713,845

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 2.4 - Catholic Diocesan: Estimates by school size and community type, PSS and SASS compared in
percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals

1 - 149
School
Teacher
Student

42.23
39.77
39.98

45.95
48.59
51.51

-11.68
-13.56
-19.83

18.18
18.13

14.52
School 2.92 -19.17 7.79 -3.57

150 - 299 Teacher 2.68 -12.13 -1.06 -3.13
Student 0.31 -15.48 5.04 -4.23
School -14.35 -40.28 27.44 -19.11

300 - 499 Teacher -5.32 -38.35 47.44 -10.61
Student -15.22 -41.53 35.98 -19.20
School -12.07 25.39 -76.38 -0.57

500 - 749 Teacher -25.22 19.37 -41.62 -8.42
Student -13.16 24.48 -67.58 -0.93
School -1.21 -7.53 -45.10 -3.94

750 + Teacher 1.79 -13.45 -33.69 -3.71
Student -0.65 -7.73 -50.83 -3.65

Total School 0.78 -9.42 -0.60 -2.86
% diff Teacher -2.83 -9.32 2.10 -4.26
from PSS Student -5.78 -10.78 -0.16 -6.77

Percent difference from PSS and Olkin GLS SASS totals

1 - 149
School
Teacher
Student

28.71
25.47
26.20

33.34
36.48
40.32

-36.94
-40.28
-46.92

-0.54
-1.17
-4.92

School 10.09 -10.65 12.10 3.49
150 - 299 Teacher 9.49 -4.53 2.74 3.33

Student 7.72 -7.03 9.28 2.94
School -4.73 -27.93 34.25 -8.82

300 - 499 Teacher 1.75 -26.91 51.64 -2.39
Student -5.63 -28.77 42.20 -8.84
School -10.21 26.51 -67.83 1.37

500 - 749 Teacher -26.17 18.26 -37.85 -9.15
Student -10.81 25.55 -59.90 1.19
School 13.16 10.27 -58.82 10.98

750 + Teacher 14.18 2.35 -46.01 9.20
Student 13.66 13.09 -64.71 12.27

Total School 6.19 -3.43 -8.63 0.00
% diff Teacher 2.50 -2.69 -2.45 0.00
from PSS Student 1.88 -1.85 -2.66 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 2.4 - Catholic Diocesan: Estimates by school size and community type, PSS and SASS compared in
percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals

1 - 149
School
Teacher
Student

40.89
38.11

38.94

44.69
47.26
50.50

-13.28
-16.41
-21.46

16.75

16.02

13.21

School 3.97 -18.13 5.75 -3.13
150 - 299 Teacher 3.28 -11.64 -4.38 -3.38

Student 1.47 -14.17 2.77 -3.66
School -9.77 -34.01 31.92 -13.95

300 - 499 Teacher -3.05 -32.85 49.96 -7.23
Student -10.64 -34.71 40.38 -13.86
School -7.38 27.76 -63.52 3.64

500 - 749 Teacher -23.88 19.13 -34.62 -7.36
Student -7.60 26.84 -55.85 3.67
School 24.34 26.72 -51.96 23.68

750 + Teacher 25.62 18.56 -39.97 22.00
Student 25.34 31.02 -57.91 25.83

Total School 4.63 -5.76 -1.30 0.00
% diff Teacher 2.31 -3.84 0.73 0.00
from PSS Student 1.78 -2.79 0.23 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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3.3 CATHOLIC PRIVATE TYPOLOGY

The Catholic Private typology is a fairly small proportion of all private schools. For example,
in the 1993-94 Private School Survey, there were an estimated 833 Catholic Private schools or over
3% of the private school total for that year.

In table 3.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school total is smaller than the PSS (by about 2.8%); SASS, however,
estimates more teachers and students than are shown in PSS (2.8% and 3.6% more respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 3.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 148 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along essentially the same axis.
In fact, the slopes of the student/teacher relationship are close, albeit distinguishable, being 13.6 for
PSS and 14.1 for SASS. While not directly comparable because of differences in sample designs,
the R2 values for the student/teacher ratios in both (unweighted) samples show analytically what can
be observed from the graph, namely that the scatter is quite close around the average teacher/student
relationship. These values are R2 = .77 (PSS) and R2 = .74 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.3.1); then the Olkin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.3.2). The results of the basic
GLS were also obtained (section 3.3.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the 011cin GLS and Basic GLS
versions (section 3.3.4). An independent assessment (section 3.3.5) concludes the discussion.

3.3.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 3.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.

For the Catholic Private typology, simple visual inspection resulted in reducing the PSS
sample by 15 cases -- with a corresponding reduction in the SASS sample of 4 cases. Figure
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Table 3.1 Catholic Private: Weighted schools totals before excluding outliers
(Based on 788 PSS and 148 SASS sample schools)

Variable PSS SASS Difference

Schools 833 810 23

Teachers 25,145 25,852 -707
Students 327,097 338,641 -11,544

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 3.2 Catholic Private: Weighted schools totals after excluding outliers
(Based on 733 PSS and 144 SASS sample schools)

Variable PSS SASS Difference

Schools 817 798 19

Teachers 23,724 24,894 -1,169

Students 304,702 322,275 -17,573

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 3.1 Catholic Private: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(before removing outliers)
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Figure 3.2 Catholic Private: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(after removing outliers)
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3.2 is the plot of the remaining 773 PSS and 144 SASS cases. Notice that the student/teacher
relationships are little changed overall from those in figure 3.1; however, the scatter of points
in both samples is visually even tighter. The R2 values reflect this, rising from .77 to .80 for
the PSS and from .74 to .76 for SASS.

3.3.2 Olkin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

A=M-Id

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 3.2 below.

To carry out the 011cin GLS, the schools were placed into four school size classes (under 150,
150 to 499, 500 to 749, 750 and above).

After the Olkin adjustment, the difference between the PSS and SASS estimates had shrunk
considerably (in overall absolute value) to

19
d = -125

0

The matrix M was obtained by tabulating the 1993-94 SASS file for the Catholic Private
schools in the SASS sample. The values are

144 5605 76274

5605 272841 3804568

76274 3804568 56973138

Solving for A yields

A' = (+.79218, -0.02823, +0.00082)

and the Olkin GLS weights are of the form

u; = w; + 0.79218 - 0.02823t; + 0.00082s;

Notice that all the original weights are raised somewhat (by about .8); and, then, depending
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on the teacher and student counts in the sampled school, they may be increased again or
lowered (usually they would not be lowered much except for large schools with many
teachers). These additional school-by-school adjustments do not appear to be too drastic --
given that the coefficients on the teacher and student counts are so small. One final
comment, while the values for I are only shown to six significant digits, the calculations
have been carried out in double precision.

3.3.3 Basic GLS Procedure Employed. -- To carry out the Basic GLS weighting the equation

A=M-'d

again needs to be solved. It is immediate from table 3.2 above that d for the Basic GLS
would be

19
d = -1169

-17573

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Catholic Private schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for 1l yields this time

X' = (+1.50665, -0.04082, +0.00040)

and the basic GLS weights are of the form

= w; + 1.50665 - 0.04082t; + 0.00040s;

Notice that again the original weights are raised this time (but by about twice the amount that
the Olkin GLS weights were); and, then, depending on the teacher and student counts in the
sampled school, they may be increased again or lowered. Usually they would not be lowered
below what they were originally except for schools with large numbers of teachers and
greater than average teacher/student ratios. These additional school-by-school adjustments
do not appear to be too drastic -- given that the coefficients on the teacher and student counts
are so small. Looking just at the equation, concerns about negative weights arise but, as will
be seen below, these did not materialize.

3.3.4 Operational Characteristics. -- To examine the Basic and Olkin GLS reweighting done,
several "diagnostics" will be looked at. One statistic that may merit immediate attention is
what happened to the spread in the weights themselves. Did the spread grow larger or
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smaller?

Figure 3.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The-Basic GLS weight has a larger spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
smaller than the GLS (or x) weights (since the equation which fits them is y = .9452x). For
the Olkin GLS, the variability in the weights is greater still. The original SASS weights are
related to the Olkin GLS weights by an equation of the form y = .9184x.

The overall differences in scale between the weights does not appear to be important. Still
it is noticeable as the scatterplot of the 011cin GLS and original SASS weights shows.

The R2 values in the upper panel of figures 3.3 might be commented on too. Despite the
appearance of the scatter itself, very little evidence exists to indicate that either of the
reweighting approaches altered the original weights in any major way. The R2 valuesare both
at or above 0.95 and most of the points lie just below the 45 degree line. The problem of
negative weights did not arise for either the Olkin or Basic GLS methods. For the Basic GLS
there was one school with a weight of less than one; for the Olkin GLS, there were two.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 3.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The Basic
GLS (or y) values are slightly smaller than the Olkin GLS (or x) values; but ever so slightly.
There is virtually no overall difference in the weights as evidenced by an R2 of .97 between
the two methods. The plotted points do indicate some departures though, as noted earlier;
these are among the largest schools.

3.3.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Catholic Private Typology are available in tables 3.3 and 3.4, plus
figure 3.4:

-- Table 3.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 3.4 is based on table 3.3 but focusses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 3.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice that a log scale has been used here.

One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 3.3 and especially 3.4, it is clear that the Olkin GLS, while far from
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uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the 011cin GLS weighted SASS is closer to the PSS than the original weighted
SASS 10/18 times. The Basic GLS tends to be closer to PSS than the original SASS (again,
in 10 out of 18 comparisons). The results by community type are more mixed, as might be
expected, since the 011dn approach did not try to control by community type (as it had by
school size).

In figure 3.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = .9941x. There is just a little roughness around this average,
however, as displayed visually and summarized by the R2 value which is equal to R2 = .9839.
This is extremely good, suggesting that the SASS sample of Catholic Private schools is
excellent.

As in figure 3.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = .9952x. Again, the average results for this method
remain good. Somewhat less roughness is exhibited around the average as evidenced by the
slightly larger R2 value in this case (R2 = .9935).

Finally, in figure 3.4, it can be seen that for the 011cin GLS weighted SASS sample the
regression fit yields the relationship y = .9935x. The average results for this method are again
comparable to the other two, with an R2 value in this case of R2 = .9959.

What can be concluded about this typology? Neither the Basic nor the 011cin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, they both
hit the overall PSS school, teacher, and student totals exactly. The Olkin method,
furthermore and not surprisingly, does as well or better than the other two when estimates
are looked at by school size.

In the summary and recommendations section, some further comments will be made about
how the Olkin GLS Approach might be improved further, leading to still better results.
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Figure 3.3 Catholic Private: Scatterplot matrix comparing original, basic GLS, and Olkin GLS weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 3.4 Catholic Private: Scatterplot matrix comparing estimated PSS, original, Olkin GLS, and
basic SASS totals by school size and community type from Table 3.3

(in log scale)
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Table 3.3 - Catholic Private: Estimates by school size and community type, PSS and SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (773 schools)

1-149
School
Teacher
Student

88

803
6,520

60
705

4,429

52
606

4,443

200
2,114

15,392

150-299
School
Teacher
Student

100

1,977
22,127

90
2,063

20,280

31

584
6,625

222
4,625

49,032

300-499
School
Teacher
Student

88
2,624

34,506

65

2,273
26,496

18

558
6,847

171

5,455
67,849

500-749
School
Teacher
Student

74

3,118
44,651

48
2,213

29,137

5

221
3,244

127

5,552
77,032

750+
School
Teacher
Student

62
3,824

61,717

34
2,100

32,899

1

55

781

97
5,979

95,397

Total
School
Teacher
Student

413
12,346

169,522

297
9,355

113,241

107

2,024
21,940

817
23,724

304,702

Part II - Original SASS total (144 schools)

1-149
School
Teacher
Student

59
756

5,347

66
681

5,178

27
302

3,601

151

1,738
14,126

School 158 82 22 261
150-299 Teacher 2,569 2,523 683 5,775

Student 35,893 19,184 5,444 60,520
School 65 76 NA 141

300-499 Teacher 2,043 2,844 NA 4,887
Student 26,080 30,633 NA 56,713
School 80 43 10 133

500-749 Teacher 3,331 1,853 434 5,618
Student 48,184 26,739 6,837 81,760
School 79 32 NA 111

750+ Teacher 4,764 2,111 NA 6,875
Student 75,962 33,194 NA 109,155
School 441 299 59 798

Total Teacher 13,462 10,012 1,419 24,894
Student 191,466 114,928 15,881 322,275

SOURCE: U.S. Departnient of Education, NCES, Private School of Schools and Staff-mg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 3.3 - Catholic Private: Estimates by school size and community type, PSS and SASS compared
(cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part III - Olkin GLS SASS total (144 schools)

1-149
School
Teacher
Student

73

939
6,638

82
846

6,436

34
382

4,535

189

2,167
17,609

School 162 81 21 264
150-299 Teacher 2,614 2,478 664 5,756

Student 36,758 19,030 5,344 61,132

School 67 76 NA 143

300-499 Teacher 2,080 2,797 NA 4,877
Student 26,744 30,581 NA 57,326
School 77 43 10 131

500-749 Teacher 3,175 1,791 430 5,396
Student 46,633 26,377 6,782 79,791

School 65 26 NA 91

750+ Teacher 3,864 1,664 NA 5,528
Student 62,483 26,361 NA 88,844
School 445 307 65 817

Total Teacher 12,672 9,576 1,476 23,724
Student 179,256 108,785 16,661 304,702

Part IV - Basic GLS SASS total (144 schools)

1-149
School
Teacher
Student

64

820
5,787

71

738
5,601

30
340

3,999

165

1,898
15,386

School 173 87 23 282
150-299 Teacher 2,792 2,630 698 6,120

Student 39,248 20,278 5,631 65,156
School 71 79 NA 150

300-499 Teacher 2,198 2,910 NA 5,107
Student 28,308 32,011 NA 60,319
School 79 44 10 133

500-749 Teacher 3,211 1,814 439 5,464
Student 47,550 26,927 6,922 81,398
School 63 24 NA 87

750+ Teacher 3,655 1,479 NA 5,135
Student 59,271 23,171 NA 82,442
School 450 305 63 817

Total Teacher 12,677 9,570 1,477 23,724
Student 180,164 107,987 16,551 304,702

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 3.4 - Catholic Private: Estimates by school size and community type, PSS and SASS compared in
percent difference

School Size
Community Type Total

% cliff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals
School 33.05 -9.68 48.62 24.31

1-149 Teacher 5.92 3.47 50.19 17.78
Student 18.00 -16.93 18.95 8.22
School -57.31 9.82 30.15 -17.65

150-299 Teacher -29.94 -22.26 -16.94 -24.87
Student -62.21 5.41 17.83 -23.43
School 26.03 -16.35 NA 17.48

300-499 Teacher 22.13 -25.13 NA 10.41
Student 24.42 -15.61 NA 16.41

School -8.23 9.59 -95.79 -5.11
500-749 Teacher -6.82 16.25 -96.60 -1.20

Student -7.91 8.23 -110.76 -6.14
School -26.80 4.57 NA -14.54

750+ Teacher -24.59 -0.53 NA -14.99
Student -23.08 -0.90 NA -14.42

Total School -6.81 -0.47 45.05 2.29
%diff Teacher -9.04 -7.03 29.88 -4.93
from PSS Student -12.94 -1.49 27.61 -5.77

Percent difference from PSS and Olkin GLS SASS totals
School 16.93 -36.40 35.12 5.70

1-149 Teacher -16.89 -19.96 36.89 -2.51
Student -1.81 -45.33 -2.07 -14.41
School -60.97 10.23 31.40 -18.96

150-299 Teacher -32.24 -20.10 -13.64 -24.47
Student -66.12 6.17 19.33 -24.68
School 24.12 -16.32 NA 16.50

300-499 Teacher 20.72 -23.04 NA 10.60
Student 22.49 -15.42 NA 15.51
School -5.09 10.65 -94.26 -2.80

500-749 Teacher -1.81 19.07 -94.72 2.82
Student -4.44 9.47 -109.06 -3.58
School -4.80 23.79 NA 6.26

750+ Teacher -1.06 20.75 NA 7.53
Student -1.24 19.87 NA 6.87

Total School -7.68 -3.36 38.94 0.00
%diff Teacher -2.64 -2.37 27.06 0.00
from PSS Student -5.74 3.93 24.06 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



Table 3.4 - Catholic Private: Estimates by school size and community type, PSS and SASS compared in
percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals

School 27.63 -18.83 42.55 17.60
1-149 Teacher -2.12 -4.57 43.85 10.23

Student 11.24 -26.46 10.00 0.04
School -71.91 4.14 27.66 -26.92

150-299 Teacher -41.25 -27.45 -19.51 -32.35
Student -77.37 0.01 15.01 -32.88
School 19.57 -21.95 NA 12.01

300-499 Teacher 16.25 -28.02 NA 6.38
Student 17.96 -20.81 NA 11.10
School -7.47 8.59 -98.28 -5.14

500-749 Teacher -2.98 18.03 -98.75 1.58
Student -6.49 7.59 -113.38 -5.67
School -1.25 30.52 NA 10.89

750+ Teacher 4.40 29.55 NA 14.12
Student 3.96 29.57 NA 13.58

Total School -8.92 -2.47 41.25 0.00
%diff Teacher -2.68 -2.31 27.01 0.00
from PSS Student -6.28 4.64 24.56 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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3.4 CONSERVATIVE CHRISTIAN TYPOLOGY

The Conservative Christian typology is a fairly large proportion of all private schools. For
example, in the 1993-94 Private School Survey, there were an estimated 4,530 Conservative
Christian schools or over 17% of the private school total for that year.

In table 4.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school total is larger than the PSS (by about 2.1%); SASS also estimates more
teachers and students than are shown in PSS (0.5% and 4.9% more respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 4.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black 's. Overlaying the PSS data and shown as gray A's are the data from the 246 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS. The two slopes of the
student/teacher relationship, though, are distinguishable, being 12.4 for PSS and 11.2 for SASS.
While not directly comparable because of differences in sample designs, the R2 values for the
student/teacher ratios in both (unweighted) samples show analytically what can be observed from
the graph, namely that the scatter is quite close around the average teacher/student relationship.
These values are R2 = .83 (PSS) and R2 = .80 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.4.1); then the Olkin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.4.2). The results of the basic
GLS were also obtained (section 3.4.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the 011dn GLS and Basic GLS
versions (section 3.4.4). An independent assessment (section 3.4.5) concludes the discussion.

3.4.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 4.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.

For the Conservative Christian typology, simple visual inspection resulted in reducing the
PSS sample by 18 cases -- with a corresponding reduction in the SASS sample of 1 case.
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Table 4.1 Conservative Christian: Weighted schools totals before excluding outliers
(Based on 3,712 PSS and 246 SASS sample schools)

Variable PSS SASS Difference

Schools 4,530 4,626 -96
Teachers 51,289 51,562 -273
Students 610,578 640,369 -29,791

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 4.2 Conservative Christian: Weighted schools totals after excluding outliers
(Based on 3,690 PSS and 241 SASS sample schools)

Variable PSS SASS Difference

Schools 4,505 4,618 -113
Teachers 49,228 51,116 -1,888
Students 581,185 635,799 -54,613

I SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



Figure 4.1 Conservative Christian: Student versus teacher unweighted sample total for PSS and SASS
combined 1993-94

(before removing outliers)

Student
Enrollment

2,000 _
I

1,800

1,600

1,400 _

1,200

1,000

800

600

400

200

PSS (3,712 cases)
y = 12.44x
R2= 0.8328

st .
s

Ole

IP
410

o

a

o

or
SASS (246 cases)

y = 11.179x
R2 = 0.7952

PSS:3 pts out of scope
(160,2061)
(357,3556)
(224,1721)

SASS:1 pt out of scope
(224,1721)

PSS

A SASS

. - - -Linear (PSS)
Linear (SASS)

50 100

Number of Teachers

150 200

41

I

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



p

p

Figure 4.2 Conservative Christian: Student versus teacher unweighted sample totals for PSS and SASS
combined 1993-94

(after removing outliers)
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When tried, this approach had to be supplemented by a more analytic method, which
systematically excluded points more than a certain distance from the overall center of the
combined PSS/SASS samples. After this second step, there was a further reduction of 4 PSS
and 4 SASS points.

Figure 4.2 is the plot of the remaining 3690 PSS and 241 SASS cases. Notice that the
student/teacher relationships have changed appreciably from those in figure 4.1. The
student/teacher ratio in PSS went from 12.4 to 13.1; for SASS the ratio went from 11.2 to
12.7. These ratios now seemed close enough for the GLS method to have a chance of
working without negative weights. Notice further, the scatter of points in both samples is
visually even tighter. The R2 values reflect this, rising from .77 to .80 for the PSS and from
.74 to .76 for SASS.

3.4.2 011cin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

=

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 4.2 below.

To carry out the Olkin GLS, the schools were placed into three school size classes (under
150, 150 to 499, 500 and above).

After the 011cin adjustment, the difference between the PSS and SASS estimates had shrunk
considerably (in overall absolute value) to

89
d = 1100

-15515

a

a

a

The matrix M was obtained by tabulating the 1993-94 SASS file for the Conservative
Christian schools in the SASS sample. The values are

241 3457 43864

3457 83261 1095138

43864 1095138 15428854

Solving for A yields
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= (-0.04124, +0.40067, -0.02933)

and the Olkin GLS weights are of the form

u, = w; - 0.04124 + 0.40067ti - 0.02933s1

Notice that all the original weights are lowered ever so slightly (by about .04); and, then,
depending on the teacher and student counts in the sampled school, they may be increased
again or lowered further (usually they would not be lowered, except for the schools with the
very largest enrollments). Unlike for some of the other typologies, these additional school-
by-school adjustments appear to be big -- given that the coefficients on the teacher and
student counts are so large (Remember to put the teacher/student coefficients on a
comparable basis, the student coefficient needs to be multiplied by roughly 13; while
cancelling each other out near the center of the scatter, coefficients as large as shown should
and did make for big changes in schools on either side. One final comment, while the values
for A are only shown to six significant digits, the calculations have been carried out in double
precision.

3.4.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

= M -1d

again needs to be solved. It is immediate from table 4.2 above that d for the basic GLS
would be

-113
d = -1888

-54613

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Catholic Parochial schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for X yields this time

= (-.85665, +0.41279, -0.03041)

and the basic GLS weights are of the form

u, = w; - 0.85665 + 0.41279; - 0.03041s;
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Notice that again the original weights are lowered, this time by quite a bit more than the
amount that the Olkin GLS weights were; also, depending on the teacher and student counts
in the sampled school, that school's weight may be increased or lowered further. These
additional school-by-school adjustments are a concern -- given that the coefficients on the
teacher and student counts are so large. In particular, concerns about negative weights arise;
and, indeed, these did materialize.

3.4.4 Operational Characteristics. -- To examine the Basic and Olkin GLS reweighting done,
several "diagnostics" will be looked at. One statistic that may merit immediate attention is
what happened to the spread in the weights themselves. Did the spread grow larger or
smaller?

Figure 4.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The Basic GLS weight has a smaller spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
larger than the GLS (or x) weights (since the equation which fits them is y = 1.0081x). For
the Olkin GLS, this continues to be true. The original SASS weights are related to the Olkin
GLS weights by an equation of the form y = 1.0169x. As the scatterplot indicates, overall
differences in scale between the weights does not appear to be important.

The le values shown in the upper panel in figures 4.3 might be commentedon too. Both are
quite high, at or above 0.98 and most of the points lie very close to the 45 degree line. The
problem of negative weights did not arise for the 011cin GLS method. There were, though,
five schools with weights of less than one; for the Basic GLS, there were five negative
weights and seven more less than one.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 4.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix, where the Basic and Olkin GLS are graphed. The Basic
GLS (or y) values are slightly larger than the Olkin GLS (or x) values; but ever so slightly.
There is virtually no overall difference in the weights -- as evidenced by an R2 of .997
between the two methods. The plot does indicate the problem noted earlier of small and
negative weights.

3.4.5 independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Conservative Christian Typology are available in tables 4.3 and 4.4,
plus figure 4.4:

Table 4.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, 011cin, and Basic
GLS estimates respectively.

a

-- Table 4.4 is based on table 4.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

62



S

S

-- Figure 4.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice that a log scale has been used here.

One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 4.3 and especially 4.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS 11 times. The Basic GLS also tends to be closer to PSS than the original SASS (again,
11 out of 18 times). The results by community type cannot be said to be very good for any
of the estimators. Certainly the comparisons made in table 4.4 are mixed, as might be
expected, since the Olkin approach did not try to control by community type (as it had by
school size).

In figure 4.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = .988x. There is just a little roughness around this average,
however, as displayed visually and summarized by the R2 value which is equal to R2 = .9682.
This is extremely good, suggesting that, on the whole, the SASS sample of Conservative
Christian schools is excellent.

From figure 4.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = 1.0076x. Again, the average results for this method
remain good. A great deal more roughness is exhibited around the average, though, as
evidenced by the much lower R2 value in this case (with R2 = .9144).

Finally, in figure 4.4, it can be seen that for the 011cin GLS weighted SASS sample the
regression fit yields the relationship y = 1.0029x. The average results for this method are
intermediate between the other two, with an R2 value in this case of R2 = .9584.

What can be concluded about this typology? The 011cin GLS method seems in no way
inferior overall to the original SASS weighted file. To its credit, moreover, it hits the overall
PSS school, teacher, and student totals exactly. The Olkin GLS method, furthermore and not
surprisingly, does as well or better than the other two when estimates are looked at by school
size. The Basic GLS method, while good in some respects, cannot be used without
adjustment because of the negative weights which exist.

In the summary and recommendations section, additional comments will be made about how
the Olkin might be improved further, leading to still better results.
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Figure 4.3 Conservative Christian: Scatterplot matrix comparing original, basic GLS, and Olkin GLS
weights

Original

60 _

40
y = 0.976x
R2 = 0.9824

Basic GLS

20

Olkin GLS

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



Figure 4.4 Conservative Christian: Scatterplot matrix comparing estimated PSS, original, Olkin GLS,
and basic GLS SASS totals by school size and community type from Table 4.3

(in log scale)

PSS Total

16

12
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4

y = 1.0091x
R2= 0.9674

0

1 i 1

4 8 12 16

Original
SASS Total

16 y = 0.9841x
R2= 0.9887

12

0 I I

0 4 8 12 16

Olkin GLS SASS
Tota I

Basic GLS SASS
Tota I

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Surveys, 1993-94,
Private School Surveys, 1993-94.
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Table 4.3 - Conservative Christian: Estimates by school size and community type, PSS and SASS
compared

School Size
Community Type

Urban Fringe / Rural /
Central City Large Town Small Town

Total

Part I - PSS total (3,690 schools)

1-149
School
Teacher
Student

809
5,611

52,457

920
6,640

61,092

1,476
9,329

76,748

3,206
21,580

190,296

150-299
School
Teacher
Student

336
5,472

70,922

315
5,024

67,462

172

2,854
35,557

824
13,350

173,942

300-499
School
Teacher
Student

153

3,884
57,595

132

3,332
49,723

40
1,014

15,135

326
8,230

122,454

500-749
School
Teacher
Student

60
2,285

35,599

52
1,976

31,106

12

512
7,471

124

4,773
74,176

750+
School
Teacher
Student

10

497
8,160

13

725
10,959

2
73

1,199

25

1,295
20,317

Total
School
Teacher
Student

1,368

17,748
224,733

1,434

17,696
220,342

1,703

13,783

136,110

4,505
49,228

581,185

Part II - Original SASS total (241 schools)

1-149
School
Teacher
Student

1,148
7,296

80,704

709
5,420

49,049

1,318
7,911

81,674

3,176
20,628

211,428

150-299
School
Teacher
Student

478
7,580

98,807

307
4,819

65,675

180
2,417

35,226

965
14,816

199,707

300-499
School
Teacher
Student

146

4,642
56,640

109

2,728
41,450

82
2,150

32,537

337
9,520

130,627

500-749
School
Teacher
Student

77
2,808

47,787

26
1,258

15,245

NA
NA
NA

104

4,066
63,032

750+
School
Teacher
Student

28
1,624

23,625

9

462
7,381

NA
NA
NA

37

2,087
31,006

Total
School
Teacher
Student

1,877

23,950
307,562

1,161

14,688
178,799

1,580
12,478

149,437

4,618
51,116

635,799

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Surveys, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



Table 4.3 - Conservative Christian: Estimates by school size and community type, PSS and SASS
compared (cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part Ill - Olkin GLS SASS total (241 schools)

1-149
School
Teacher
Student

1,161

7,564
82,361

735
5,766

50,977

1,327
8,061

82,335

3,222
21,391

215,673

150-299
School
Teacher
Student

441

7,185
92,108

277
4,476

59,605

160

2,176
31,075

878
13,837

182,788

300-499
School
Teacher
Student

146

5,017
56,633

87

2,274
33,252

68
1,790

27,025

301

9,081
116,911

500-749
School
Teacher
Student

51

1,909
30,662

30
1,474

16,550

NA
NA
NA

81

3,383
47,213

750+
School
Teacher
Student

20
1,343

15,596

4
192

3,004

NA
NA
NA

23
1,535

18,601

Total
School
Teacher
Student

1,818
23,017

277,360

1,132

14,183
163,390

1,555
12,027

140,436

4,505
49,228

581,185

Part IV - Basic GLS SASS total (241 schools)

1-149
School
Teacher
Student

1,141

7,390
80,582

719
5,628

49,660

1,312
7,952

81,292

3,172
20,971

211,534

150-299
School
Teacher
Student

470
7,621

97,995

292
4,692

62,640

169

2,284
32,794

931

14,598
193,428

300-499
School
Teacher
Student

153

5,237
59,220

90
2,348

34,382

74
1,932

29,178

316
9,518

122,780

500-749
School
Teacher
Student

42
1,596

25,210

27
1,332

14,685

NA
NA
NA

69
2,928

39,896

750+
School
Teacher
Student

16

1,144
12,438

1

69
1,110

NA
NA
NA

17

1,213
13,549

Total
School
Teacher
Student

1,822

22,989
275,445

1,128

14,070
162,477

1,555

12,169
143,263

4,505
49,228

581,185

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Surveys, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 4.4 - Conservative Christian: Estimates by school size and community type, PSS and SASS
compared in percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals
School -41.87 22.92 10.71 0.94

1-149 Teacher -30.04 18.37 15.20 4.41

Student -53.85 19.71 -6.42 -11.10

School -42.02 2.59 -4.39 -17.07
150-299 Teacher -38.51 4.07 15.33 -10.98

Student -39.32 2.65 0.93 -14.81

School 4.91 17.48 -102.30 -3.30
300-499 Teacher -19.51 18.10 -112.01 -15.68

Student 1.66 16.64 -114.97 -6.67

School -29.74 49.33 NA 16.40

500-749 Teacher -22.90 36.33 NA 14.82

Student -34.24 50.99 NA 15.02

School -181.37 33.51 NA -48.65
750+ Teacher -227.11 36.24 NA -61.12

Student -189.53 32.65 NA -52.61

Total School -37.16 19.01 7.22 -2.51

%diff Teacher -34.94 17.00 9.47 -3.84
from PSS Student -36.86 18.85 -9.79 -9.40

Percent difference from PSS and Olkin GLS SASS totals
School -43.43 20.16 10.15 -0.51

1-149 Teacher -34.82 13.16 13.60 0.87
Student -57.01 16.56 -7.28 -13.34

School -31.01 12.14 7.26 -6.49
150-299 Teacher -31.29 10.90 23.76 -3.65

Student -29.87 11.65 12.60 -5.09

School 4.80 34.46 -68.82 7.70
300-499 Teacher -29.17 31.73 -76.54 -10.35

Student 1.67 33.13 -78.56 4.53

School 14.86 42.19 NA 34.82
500-749 Teacher 16.46 25.37 NA 29.12

Student 13.87 46.79 NA 36.35

School -98.99 73.09 NA 5.73
750+ Teacher -170.48 73.50 NA -18.54

Student -91.14 72.58 NA 8.45

Total School -32.85 21.01 8.71 0.00
%diff Teacher -29.69 19.85 12.74 0.00
from PSS Student -23.42 25.85 -3.18 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 4.4 - Conservative Christian: Estimates by school size and community type, PSS and SASS
compared in percent difference (cont'd)

School Size
Community Type Total

% d iff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals
School -41.01 21.91 11.14 1.07

1-149 Teacher -31.71 15.24 14.76 2.82
Student -53.61 18.71 -5.92 -11.16

School -39.78 7.55 2.11 -12.91
150-299 Teacher -39.27 6.60 19.96 -9.35

Student -38.17 7.15 7.77 -11.20

School 0.33 32.25 -82.11 3.05
300-499 Teacher -34.84 29.51 -90.55 -15.65

Student -2.82 30.85 -92.78 -0.27

School 29.32 48.12 NA 44.25
500-749 Teacher 30.14 32.59 NA 38.66

Student 29.18 52.79 NA 46.21

School -62.34 89.96 NA 29.51
750+ Teacher -130.42 90.44 NA 6.31

Student -52.44 89.87 NA 33.31

Total School -33.17 21.29 8.73 0.00
%diff Teacher -29.53 20.49 11.71 0.00
from PSS Student -22.57 26.26 -5.26 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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3.5 OTHER RELIGIOUS AFFILIATED TYPOLOGY

The Other Religious Affiliated typology is a fairly large proportion of all private schools.
For example, in the 1993-94 Private School Survey, there were an estimated 3,640 schools or nearly
14% of the private school total for that year.

In table 5.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school total is smaller than the PSS (by about 4.1%); SASS also estimates less
teachers and students than are shown in PSS (1.2% and 2.1% less respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 5.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 575 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS. Nonetheless, the slopes of the two
student/teacher relationship are clearly distinguishable, being 9.4 for PSS and 10.7 for SASS. While
not directly comparable because of differences in sample designs, the R2 values for the
student/teacher ratios in both (unweighted) samples show analytically what can be observed from
the graph, namely that most of the scatter is quite close around the average teacher/student
relationship. These values are R2 = .77 (PSS) and R2 = .76 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.5.1); then the Olkin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.5.2). The results of the basic
GLS were also obtained (section 3.5.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the Olkin GLS and Basic GLS
versions (section 3.5.4). An independent assessment (section 3.5.5) concludes the discussion.

3.5.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 5.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.

For the Other Religious Affiliated typology, simple visual inspection resulted in reducing the
PSS sample by 32 cases -- with a corresponding reduction in the SASS sample of 10 case.
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Table 5.1 Other Affiliated: Weighted schools totals before excluding outliers
(Based on 3,176 PSS and 575 SASS sample schools)

Variable PSS SASS Difference

Schools 3,640 3,489 151

Teachers 52,237 51,612 625
Students 593,647 581,157 12,490

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 5.2 Other Affiliated: Weighted schools totals after excluding outliers
(Based on 3,144 PSS and 565 SASS sample schools)

Variable PSS SASS Difference

Schools 3,603 3,458 145

Teachers 48,674 48,329 346
Students 546,042 543,906 2,136

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 5.1 Other Affiliated: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(before removing outliers)
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Figure 5.2 Other Affiliated: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(after removing outliers)
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This approach did not need to be supplemented by a more analytic method.

Figure 5.2 is the plot of the remaining 3144 PSS and 565 SASS cases. Notice that the
student/teacher relationships have changed somewhat from those in figure 5.1. The
student/teacher ratio in PSS went from 10.7 to 10.3; for SASS the ratio went from 9.4 to 9.0.
Nonetheless, these seemed close enough for the GLS method to have a chance of working
without negative weights. The R2 values remain quite high but have dropped a little from
0.76 to 0.73 for the PSS and from 0.76 to 0.70 for SASS.

3.5.2 Olkin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

1=M-id

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 5.2 below.

To carry out the 011dn GLS, the schools were placed into four school size classes (under 150,
150 to 499, 500 to 749, 750 and above).

After the OLkin adjustment, the difference between the PSS and SASS estimates had shrunk
(considerably in overall absolute value) to

-39
d = -299

251

The matrix M was obtained by tabulating the 1993-94 SASS file for the Other Religious
Affiliated schools in the SASS sample. The values are

565

12686

127240

12686

530108

4776251

127240

4776251

49314734

Solving for 2 yields

= (-0.16129, -0.00392, +0.0008)

and the Olkin GLS weights are of the form
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u; = w; 0.16129 - 0:00392t; + 0.0008s;

Notice that all the original weights are lowered somewhat (by about 0.2); and, then,
depending on the teacher and student counts in the sampled school, they may be increased
again or lowered further -- albeit slightly for the most part. Usually the weights would not
be lowered, except for the schools with very large numbers of teachers. One final comment,
while the values for 1l are only shown to six significant digits, the calculations have been
carried out in double precision.

3.5.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

X=M-ld

again needs to be solved. It is immediate from table 5.2 above that d for the basic GLS would
be

145
d = 346

2136

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Catholic Parochial schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for 2 yields this time

= (.59302, -0.001139, -0.00137)

and the basic GLS weights are of the form

u, = w; + 0.59302 - 0.001139t; - 0.00137s;

Notice that this time the original weights are increased initially (by about .6, while for the
Olkin GLS the intercept term was roughly -.2). Depending on the teacher and student counts
in the SASS sampled school, the weights would be lowered. Looking just at the adjustment
equation, it is unclear whether these additional school-by-school adjustments are a concern
-- given that the coefficients on the teacher and student counts are so small. Negative weights
could arise, of course; but these did not materialize. However, as with the 011dn GLS, there
were weights less than one.

3.5.4 Operational Characteristics. -- Both the Basic and Olkin GLS reweighting done, as described
above, seems to have worked well -- despite some of the resulting weights being on the small
side. To indicate why this observation is made, several "diagnostics" will be looked at. One
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statistic that may merit immediate attention is what happened to the spread in the weights
themselves. Did the spread grow larger or smaller?

Figure 5.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The Basic GLS weight has a larger spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
smaller than the GLS (or x) weights (since the equation which fits them is y = 0.9785x). For
the Olkin GLS, the variability in the weights is greater still; the original SASS weights are
related to the Olkin GLS weights by an equation of the form y = 0.9293x.

The R2 values shown in the upper panel in figures 4.3 might be commented on too. Both are
quite high, at or above 0.99 and most of the points lie below but not too far from the 45
degree line. There were no problems with negative weights. However, for the Olkin GLS
method, there were 68 schools with weights of less than one; similarly, for the Basic GLS,
there were 22 schools with weights less than one. Incidentally, the schools with small
weights did not have weights that were very much smaller than one, so no adjustment seemed
needed.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 5.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. Consistent
with the story already told, the Basic GLS (or y) values are somewhat larger than the Olkin
GLS (or x) values; but ever so slightly. The equation joining the two sets of weights is y
(Basic GLS) = .9487x (Olkin GLS). There is virtually no overall distributional difference in
the weights, beyond the difference in scale -- as evidenced by an R2 of .994 between the two
methods. The plot does indicate the problems noted earlier of some small weights.

3.5.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Other Affiliated Typology are available in tables 5.3 and 5.4, plus
figure 5.4:

-- Table 5.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 5.4 is based on table 5.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 5.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice that a log scale has been used here.

One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 5.3 and especially 5.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
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by school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS 14 times. The Basic GLS also tends to be closer to PSS than the original SASS (in 11
out of 18 comparisons). The results by community type are surprisingly good for both the
GLS estimators. Of the.two, the Olkin GLS is slightly to be preferred because it attempted
to exercise some control by school size.

In figure 5.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = 1.004x. There is very little roughness around this average, too,
as displayed visually and summarized by the R2 value which is equal to R2 = .995. This is
extremely good, suggesting that the SASS sample of Other Affiliated schools is excellent.

As in figure 5.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = 1.0077x. Again, the average results for this method
remain good. Slightly more roughness is exhibited around the average, as evidenced by a
lower R2 value in this case (R2 = .990). Such a difference, obviously, is in no way important.

Finally, in figure 5.4, it can be seen that for the Olkin GLS weighted SASS sample the
regression fit yields the relationship y = 1.0016x. This is the best of the three approaches,
although all are close. For this estimator, the fit with the PSS is such that R2 = .9959.

What can be concluded about this typology? The Olkin GLS method seems best overall. To
its credit, moreover, it hits the PSS school, teacher, and student totals exactly. The Olkin
method, furthermore and not surprisingly, does as well or better than the other two when
estimates are looked at by school size. Some loss of sample efficiency arises because of the
fact that some weights are slightly less than one but, while common, this seems to have no
appreciable effects.

In the summary and recommendations section, some further comments will be made about
how the Olkin might be improved further, leading to still better results.
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Figure 5.3 Other Affiliated: Scatterplot matrix comparing original, basic GLS, and Olkin GLS weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Surveys, 1993-94,
Private School Surveys, 1993-94.
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Figure 5.4 Other Affiliated: Scatterplot matrix comparing estimated PSS, original, Olkin GLS, and
basic GLS SASS totals by school size and community type from Table 5.3

(in log scale)

PSS Total

16

12

8

4

0

16

12

8

4

0

y = 1.004x
R2 = 0.995

4 8 12 16

16 _ 16
y = 0.9955x y = 0.9975x

y = 1.0037x

R2= 0.9951 12 R2 = 0.9985 12
R2 = 0.9968

Original 8_ 8
SASS Total

4 4

0 0i

4 8 12

I

16

1111
4 8 12 16 4 8 12 16

16

12

8

4

0

y = 0.998x
R2 = 0.9959

1111
4 8 12 16

16

y = 0.9914x

12 R2= 0.9908

8

4

0

0 4 8 12 16

16

12

a

4

0

y = 1.0024x
R2 = 0.9985

0

1111
4 8 12 16

16

12

8

4

0

y = 0.996x
R2 = 0.9969

4 8 12 16

Olkin GLS SASS
Total

16 _

12

8

4

0

y = 0.9933x
R2 = 0.9928

4 8 12 16

Basic GLS SASS
Total

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Surveys, 1993-94,
Private School Surveys, 1993-94.

79 8



Table 5.3 - Other Affiliated: Estimates by school size and community type, PSS and SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (3,144 schools)

1-149
School
Teacher
Student

766
5,952

55,009

715
5,401

52,033

834
3,938

38,601

2,315
15,290

145,643

150-299
School
Teacher
Student

380
7,084

80,819

284
4,991

61,016

121

1,949

25,393

784

14,023

167,228

300-499
School
Teacher
Student

181

5,658
66,749

119

3,580
45,222

42
1,150

15,418

343
10,387

127,389

500-749
School
Teacher
Student

63
3,256

38,159

53

2,614
31,950

9
413

5,592

125

6,284
75,702

750+
School
Teacher
Student

25
1,918

21,299

11

772
8,781

NA
NA
NA

36
2,690

30,080

Total
School
Teacher
Student

1,415
23,868

262,034

1,181

17,357
199,003

1,007
7,449

85,005

3,603
48,674

546,042

Part II - Original SASS total (565 schools)

1-149
School
Teacher
Student

692
5,497

49,356

629
4,896

45,088

825

3,543
33,117

2,146
13,935

127,561

150-299
School
Teacher
Student

360
5,997

72,396

283
5,375

66,154

90
1,310

18,998

733
12,682

157,548

300-499
School
Teacher
Student

198

5,966
70,229

175

5,468
65,731

43

1,031

15,795

416
12,465

151,755

500-749
School
Teacher
Student

73

3,822
45,321

53

2,531
32,579

9
360

5,208

135

6,713
83,108

750+
School
Teacher
Student

20
1,909

17,369

8

625
6,565

NA
NA
NA

28
2,534

23,934

Total
School
Teacher
Student

1,343

23,191
254,671

1,148
18,894

216,117

967

6,243
73,118

3,458
48,329

543,906

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



Table 5.3 - Other Affiliated: Estimates by school size and community type, PSS and SASS compared
(cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part III - Olkin GLS SASS total (565 schools)

1-149

School
Teacher
Student

751

5,912
53,409

684
5,295

48,984

903
3,859

36,125

2,337
15,066

138,518

150-299
School
Teacher
Student

343
5,663

68,925

269
5,099

63,157

86
1,243

18,159

698
12,005

150,241

300-499
School
Teacher
Student

191

5,735
67,886

170

5,286
63,836

42
993

15,319

403
12,014

147,041 1

500-749
School
Teacher
Student

70
3,652

43,537

51

2,424
31,641

9

343
4,974

130

6,420
80,152

750+
School
Teacher
Student

25
2,380

21,818

10

789
8,273

NA
NA
NA

35

3,169
30,091

Total
School
Teacher
Student

1,380
23,343

255,574

1,184
18,893

215,891

1,039
6,438

74,576

3,603
48,674

546,042

Part IV - Basic GLS SASS total (565 schools)

1-149
School
Teacher
Student

742
6,016

53,297

669
5,267

48,047

856
3,739

34,868

2,267
15,022

136,212

150-299
School
Teacher
Student

381

6,410
76,795

301
5,724

69,892

95
1,399

20,009

777
13,533

166,697

300-499
School
Teacher
Student

200
6,014

70,774

176

5,499
66,041

43

1,037
15,918

420
12,550

152,733

500-749
School
Teacher
Student

65
3,342

40,286

46
2,188

28,637

8

317
4,758

120

5,847
73,681

750+
School
Teacher
Student

14

1,259
11,773

6

463
4,947

NA
NA
NA

20
1,722

16,720

Total
School
Teacher
Student

1,402

23,041
252,924

1,199
19,141

217,564

1,003

6,492
75,553

3,603
48,674

546,042

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Surveys, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 5.4 - Other Affiliated: Estimates by school size and community type, PSS and SASS compared in
percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals
School 9.62 11.97 1.17 7.30

1-149 Teacher 7.64 9.35 10.04 8.86
Student 10.28 13.35 14.21 12.42
School 5.19 0.28 25.62 6.57

150-299 Teacher 15.34 -7.69 32.79 9.57
Student 10.42 -8.42 25.18 5.79
School -9.37 -46.80 -1.90 -21.48

300-499 Teacher -5.45 -52.75 10.37 -20.00
Student -5.21 -45.35 -2.45 -19.13
School -15.53 0.36 2.54 -7.47

500-749 Teacher -17.38 3.17 12.83 -6.84
Student -18.77 -1.97 6.87 -9.78
School 20.93 24.22 NA 21.87

750+ Teacher 0.49 19.03 NA 5.81
Student 18.45 25.24 NA 20.43

Total School 5.09 2.82 4.00 4.04
%diff Teacher 2.83 -8.86 16.19 0.71
from PSS Student 2.81 -8.60 13.98 0.39

Percent difference from PSS and Olkin GLS SASS totals
School 2.02 4.31 -8.18 -0.95

1-149 Teacher 0.67 1.95 2.01 1.47
Student 2.91 5.86 6.42 4.89
School 9.69 5.01 28.95 10.97

150-299 Teacher 20.05 -2.17 36.21 14.39
Student 14.72 -3.51 28.49 10.16
School -5.67 -42.38 1.23 -17.60

300-499 Teacher -1.36 -47.68 13.60 -15.66
Student -1.70 -41.16 0.65 -15.43
School -10.79 3.50 7.09 -3.43

500-749 Teacher -12.17 7.27 16.93 -2.17
Student -14.09 0.97 11.06 -5.88
School 0.67 4.56 NA 1.78

750+ Teacher -24.11 -2.18 NA -17.82
Student -2.44 5.79 NA -0.04

Total School 2.50 -0.27 -3.18 0.00
%diff Teacher 2.20 -8.85 13.57 0.00
from PSS Student 2.47 -8.49 12.27 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 5.4 - Other Affiliated: Estimates by school size and community type, PSS and SASS compared in
percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals
School 3.12 6.40 -2.61 2.07

1-149 Teacher -1.07 2.47 5.05 1.76

Student 3.11 7.66 9.67 6.48

School -0.43 -6.02 21.55 0.94
150-299 Teacher 9.51 -14.69 28.22 3.50

Student 4.98 -14.55 21.20 0.32

School -10.35 -47.89 -3.06 -22.52
300-499 Teacher -6.29 -53.61 9.81 -20.82

Student -6.03 -46.04 -3.24 -19.89

School -2.95 12.30 10.69 4.51

500-749 Teacher -2.62 16.29 23.16 6.94
Student -5.57 10.37 14.92 2.67

School 46.14 42.45 NA 45.05
750+ Teacher 34.36 39.97 NA 35.97

Student 44.72 43.66 NA 44.41

Total School 0.95 -1.48 0.40 0.00
%cliff Teacher 3.47 -10.28 12.85 0.00
from PSS Student 3.48 -9.33 11.12 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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3.6 OTHER RELIGIOUS UNAFFILIATED TYPOLOGY

The Other Unaffiliated- typology contains a fairly large fraction of all private schools. For
example, in the 1993-94 Private School Survey, there were an estimated 4,051 such schools or over
15% of the private school total for that year.

In table 6.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school total is slightly smaller than the PSS (by about 0.7%); SASS also
underestimates teachers (by 2.3%); but students are overestimated in SASS relative to PSS (by
8.8%).

To set the stage for the calculations that follow, it might be worth looking at figure 6.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 148 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS. Nonetheless, the slopes of the
student/teacher relationship are different, being 9.9 for PSS and 10.7 for SASS. While not directly
comparable because of differences in sample designs, the R2 values for the student/teacher
relationships in both (unweighted) samples are of moderate size, showing analytically what can be
observed from the graph. These values are R2 = .85 (PSS) and R2 = .73 (SASS). The presence of
some very large influential observations, not shown because of their size, is also a factor.

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.6.1); then the 011cin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.6.2). The results of the Basic
GLS were also obtained (section 3.6.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the Olkin GLS and Basic GLS
versions (section 3.6.4). An independent assessment (section 3.6.5) concludes the discussion.

3.6.1 Determining Outliers. --Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 6.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in anotherway. See Section 4.4 for more discussion
of this.
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Table 6.1 Other Unaffiliated: Weighted schools totals before excluding outliers
(Based on 3,193 PSS and 329 SASS sample schools)

Variable PSS SASS Difference

Schools
Teachers
Students

4,051
38,410

425,356

4,023
37,515

462,934

28
895

-37578

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.

Table 6.2 Other Unaffiliated: Weighted schools totals after excluding outliers
(Based on 3,141 PSS and 313 SASS sample schools)

Variable PSS SASS Difference

Schools 3,994 3,675 319
Teachers 33,523 29,401 4,122
Students 373,168 345,480 27,688

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



Figure 6.1 Other Unaffiliated: Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(before removing outliers)
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Figure 6.2 Other Unaffiliated Student versus teacher unweighted sample totals for PSS and SASS
combined in 1993-94

(after removing outliers)
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For the Other Affiliated typology, simple visual inspection resulted in reducing the PSS
sample by 49 cases -- with a corresponding reduction in the SASS sample of 14 cases.

A series of trial and error steps, then, took place to locate still other outliers. Eventually the
data had to be grouped into six separate school sizes and GLS run separately on each. This
lead to the elimination of 3 more PSS schools and 2 more SASS cases.

Figure 6.2 is the plot of the remaining 3141 PSS and 313 SASS cases. Notice that the
student/teacher relationships are little changed overall from those in figure 6.1; however, the
scatter of points in both samples is visually a lot tighter. Ironically, though, because of the
influential observations eliminated, the R2 values actually decline, falling from .73 to .69 for
the PSS and from .85 to .68 for SASS.

3.6.2 Olkin GLS Procedure Employed. -- To carry out the 011cin GLS weighting the equation

X=M4d

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. Overall, these new typology totals for PSS and SASS are
shown in table 6.2 below.

Unlike with the other typologies, to carry out the Olkin GLS, the schools were placed into
six school size classes (specifically, under 66, 66 to 149, 150-199, 200-249, 250-399, and
400+). The SASS samples in these categories, ranged from 19 to 102. This may have been
too many groups. Certainly a group with only 19 observations was borderline.

To provide a feel for the difficulties encountered, figure 6.5 might be examined. It compares
the PSS and original SASS cumulative weight distributions by student enrollment within
each group separately. From it, we can see widely divergent patterns -- from near total
agreement in the distributions in some groups (e.g., the under 66 group), to groups where the
PSS and SASS bear almost no relationship to one other (e.g., the 200 to 399 group). These
differences in distribution made the typology extremely hard to handle; in particular, it was
quite hard to avoid negative weights.

For the Olkin GLS, what was done, unlike elsewhere, was to directly (and successfully)
attempt a GLS adjustment within each of the six categories. An initial step was to truncate
or bound the original SASS weight distributions within each class so that their variability
was reduced. Separate bounds were used to reflect the downward shift of the average weight
as the schools increased in enrollment size. A scaling factor , the 011cin Adjustment, was
introduced next, as described in Section 2.2. Because our adjustments were being done in
classes similar to those used in the original sample design, arguably they should not have
affected the efficiency of the SASS sample greatly; moreover, our approach directly attacked
the variability of the original weights which was considerable.

Rather than spell out all the adjustments in detail, it may be enough to compare the

88

96



cumulative Olkin/PSS weight plots for each group separately at each step. Figure 6.5, which
has already been discussed, provides the starting point, since it displays the original SASS
weight distributions and compares them with PSS. In figure 6.6, the effect of the truncation
step is shown. Notice how this step, all by itself, improved the appearance of most of the
comparisons. In figure 6.7, the final 011cin GLS adjustment completes the job. More on this
approach and related alternatives is found in Section 4, under recommendations for future
study.

3.6.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

A=M-'d

again needs to be solved. It is immediate from table 6.2 above that d for the basic GLS would
be

57
d = 2298

-9620

The overall matrix M is obtained by tabulating the eligible portion of the 1993-94 SASS file
for the entire set of Other Unaffiliated schools in the SASS sample. M is

313 3908 44421

3908 100010 990091

44421 990091 11477607

Solving for 1l yields this time

= (+.55248, +0.21135, -0.02121)

and the basic GLS weights are of the form

= wi + 0.55248 + 0.21135ti - 0.02121s;

Notice that the original weights are raised (by about .6); and, then, depending on the teacher
and student counts in the sampled school, they may be increased again or lowered. These
additional school-by-school adjustments appear modest. Still, just looking at the equation,
there are concerns about negative weights; and, as will be seen below, these do materialize.
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3.6.4 Operational Characteristics. -- Figure 6.3 provides this information on operational
characteristics in its upper panels; these compare the original and two GLS adjustments. The
Basic GLS weight has a slightly larger overall spread than does the original SASS weight.
This follows by noting that the original (or y) weights in the upper panel are slightly smaller
than the GLS (or x) weights (since the equation which fits them is y = 0.993x). Now, on the
other hand, the original SASS weights are related to the Olkin GLS weights by an equation
of the form y = 1.1234x. Hence, the spread in the Olkin (or x) weights is considerably
smaller than for the original (or y) weights.

The overall differences in scale between the weights does not appear to be important for the
Basic GLS and original SASS comparisons. This is not the case for the Olkin GLS where the
scatter is quite disturbed.

The R2 values shown in the upper panel in figures 6.3 might be commented on too. For the
Basic GLS results, the R2 values is high above 0.99 and most of the points lie just below the
45 degree line. For the Olkin GLS comparison with the original SASS weights, the R2 value
is less satisfactory at R2 = .84. The problem of negative weights is evident in the graph and
did occur for the Basic GLS, with 9 negatives and an additional 19 cases less than one. For
the Olkin GLS, by design, there were no negative weights but there were 10 cases somewhat
less than one.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 6.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix where the Basic and 011cin GLS are graphed. The Basic
GLS (or y) values are slightly smaller than the Olkin GLS (or x) values; but ever so slightly.
The pattern of overall difference observed for the original SASS weights continues -- as
evidenced by an R2 of just over .84 between the two methods. The plotted points do indicate
numerous departures, especially among the larger schools.

3.6.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Other Unaffiliated Typology are available in tables 6.3 and 6.4, plus
figure 6.4:

-- Table 6.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 6.4 is based on table 6.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 6.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Note this figure has been plotted in log scale.

One place to begin an assessment is by determining the degree to which the various
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reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 6.3 and especially 6.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS 14/18 times. It "betters" the Basic GLS in closeness to PSS (being closer in 15 out of
18 comparisons). The results by community type are also encouragingly favorable to the
Olkin approach, even though there were no controls by community type (as had been true by
school size).

In figure 6.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = 1.0029x. There is some roughness around this average, however,
as displayed visually and summarized by the R2 value which is equal to R2 = .9504.

As in figure 6.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = 1.0x. Again, the average results for this method
remain good. Somewhat less roughness is exhibited around the average as evidenced by the
larger R2 value in this case (R2 = .9839).

Finally, in figure 6.4, it can be seen that for the Olkin GLS weighted SASS sample the
regression fit yields the relationship y = 1.0015x. The average results for this method are
again comparable to the other two, although the R2 value in this case is the smallest, at R2
= .9372.

What can be concluded about this typology? Neither the Basic nor the Olkin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, they both
hit the overall PSS school, teacher, and student totals exactly. The Olkin GLS method might
be preferred, because it has no negative weights (unlike the Basic GLS).

In the summary and recommendations section, some further comments will be made about
how the Olkin GLS might be improved further, leading to still better results.

3.6.6 Cumulative Weight Plots. -- Figures 6.5 to 6.7 track the Olkin GLS approach taken for the
other unaffiliated typology. First in figure 6.5 the original PSS and SASS cumulative weight
distributions are compared by number of students for each of the 6 groups eventually
adjusted separately. Notice that for the smaller schools the PSS and SASS are not too far
apart. However large departures occur among the larger schools.

Figure 6.6 shows what happens to the cumulative weight distributions if the original SASS
weights are simply bounded slightly. Evident improvements occur but gaps between SASS
and PSS also clearly exist.

Figure 6.7 shows what the final Olkin GLS weights achieved. A very regular pattern!
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Figure 6.3 Other Unaffiliated: Scatterplot matrix comparing original, basic GLS, and Olkin GLS
weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Surveys, 1993-94,
Private School Surveys, 1993-94.
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Figure 6.4 Other Unaffiliated: Scatterplot matrix comparing estimated PSS, original, Olkin GLS, and
basic GLS SASS totals by school size and community type from Table 6.3
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Figure 6.5 Other Unaffiliated: Cumulative weight of the Original SASS weight before truncation
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Figure 6.6 Other Unaffiliated: Cumulative weight of the original SASS weight after truncation
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Figure 6.7 Other Unaffiliated: Cumulative weight of Olkin GLS after truncating the SASS weights
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Table 6.3 - Other Unaffiliated: Estimates by school size and community type, PSS and SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (3,141 schools)

1-149

School
Teacher
Student

831

5,586
52,790

832
5,023

48,783

1,535
6,564

62,774

3,198
17,173

164,347

150-299
School
Teacher
Student

235
3,740

47,574

194
2,955

39,493

146
2,323

30,048

575

9,019
117,114

300-499
School
Teacher
Student

73

2,141
27,333

63
1,894

24,373

37
1,041

13,444

173

5,076
65,150

500-749
School
Teacher
Student

29
1,454

16,574

12

564
6,479

7

238
3,503

48
2,255

26,556

750+
School
Teacher
Student

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Total
School
Teacher
Student

1,168
12,921

144,271

1,101

10,436
119,128

1,724
10,166

109,768

3,994
33,523

373,168

Part II - Original SASS total (313 schools)

1-149
School
Teacher
Student

681

4,084
41,306

818
4,133

41,700

1,633
7,599

85,257

3,133
15,816

168,263

150-299
School
Teacher
Student

267
4,035

59,011

163

2,104
30,274

103

1,842
20,966

533

7,981
110,250

300-499
School
Teacher
Student

68
1,413

23,020

87
2,070

30,743

65
1,606

22,760

219
5,089

76,523

500-749
School
Teacher
Student

33
1,701

18,423

2

168

1,232

16

470
8,098

52
2,338

27,753

750+
School
Teacher
Student

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Total
School
Teacher
Student

1,050
11,234

141,759

1,071

8,474
103,949

1,816
11,516

137,081

3,937
31,225

382,788

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 6.3 - Other Unaffiliated: Estimates by school size and community type, PSS and SASS compared
(cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part III - Olkin GLS SASS total (313 schools)

1-149

School
Teacher
Student

794
4,992

45,671

792
4,644

40,459

1,612
7,537

78,217

3,198
17,173

164,347

150-299
School
Teacher
Student

234
3,381

49,256

199

2,921

36,565

121

2,376
25,088

553

8,677
110,909

300-499
School
Teacher
Student

43

1,052
15,538

94
2,467

34,062

46
1,535

16,345

183

5,055
65,945

500-749
School
Teacher
Student

40
1,939

22,040

2
132

967

18

548
8,960

59

2,618
31,966

750+
School
Teacher
Student

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Total
School
Teacher
Student

1,111

11,363
132,505

1,086
10,164

112,053

1,797
11,996

128,610

3,994
33,523

373,168

Part IV - Basic GLS SASS total (313 schools)

1-149
School
Teacher
Student

718
4,489

43,462

850
4,501

43,413

1,672
8,000

86,863

3,239
16,990

173,738

150-299
School
Teacher
Student

245
3,923

54,533

160

2,320
29,410

112

2,377
23,194

517
8,621

107,137

300-499
School
Teacher
Student

57
1,211

19,542

70
2,018

25,068

67
2,195

24,175

195

5,424
68,784

500-749
School
Teacher
Student

24
1,592

13,599

7

559
4,103

11

337
5,808

43
2,488

23,509

750+
School
Teacher
Student

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Total
School
Teacher
Student

1,044
11,217

131,136

1,087
9,397

101,993

1,862
12,909

140,040

3,994
33,523

373,168

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



Table 6.4 - Other Unaffiliated: Estimates by school size and community type, PSS and SASS compared
in percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals
School 18.00 1.65 -6.41 2.03

1-149 Teacher 26.88 17.72 -15.77 7.90
Student 21.76 14.52 -35.82 -2.38

School -13.69 16.06 29.60 7.33
150-299 Teacher -7.88 28.82 20.71 11.51

Student -24.04 23.34 30.23 5.86

School 7.20 -37.47 -75.44 -26.77
300-499 Teacher 33.99 -9.31 -54.24 -0.26

Student 15.78 -26.14 -69.29 -17.46

School -13.30 81.66 -145.18 -8.33
500-749 Teacher -17.03 70.22 -97.31 -3.69

Student -11.15 80.98 -131.18 -4.51

School NA NA NA NA
750+ Teacher NA NA NA NA

Student NA NA NA NA
Total School 10.16 2.78 -5.36 1.42

%diff Teacher 13.06 18.79 -13.28 6.86
From PSS Student 1.74 12.74 -24.88 -2.58

Percent difference from PSS and Olkin GLS SASS totals
School 4.45 4.85 -5.04 0.00

1-149 Teacher 10.64 7.53 -14.82 0.00
Student 13.49 17.06 -24.60 0.00

School 0.58 -2.31 17.00 3.77
150-299 Teacher 9.61 1.17 -2.26 3.79

Student -3.54 7.41 16.51 5.30
School 41.03 -47.54 -25.62 -5.63

300-499 Teacher 50.86 -30.28 -47.46 0.42
Student 43.15 -39.76 -21.58 -1.22
School -36.14 85.55 -170.60 -25.02

500-749 Teacher -33.39 76.65 -130.22 -16.10
Student -32.98 85.08 -155.77 -20.37
School NA NA NA NA

750+ Teacher NA NA NA NA
Student NA NA NA NA

Total School 4.92 1.42 -4.24 0.00
%cliff Teacher 12.06 2.60 -17.99 0.00
From PSS Student 8.16 5.94 -17.16 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.

99 10



Table 6.4 - Other Unaffiliated: Estimates by school size and community type, PSS and SASS compared
in percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals
School 13.66 -2.10 -8.93 -1.28

1-149 Teacher 19.64 10.39 -21.88 1.06
Student 17.67 11.01 -38.37 -5.71
School -4.34 17.62 23.37 10.09

150-299 Teacher -4.90 21.51 -2.33 4.42
Student -14.63 25.53 22.81 8.52
School 21.72 -11.05 -82.42 -12.46

300-499 Teacher 43.43 -6.55 -110.81 -6.85
Student 28.51 -2.85 -79.82 -5.58
School 17.17 38.84 -75.80 9.67

500-749 Teacher -9.56 0.87 -41.60 -10.33
Student 17.95 36.68 -65.79 11.47
School NA NA NA NA

750+ Teacher NA NA NA NA
Student NA NA NA NA

Total School 10.62 1.29 -8.02 0.00
%diff Teacher 13.19 9.95 -26.98 0.00
From PSS Student 9.10 1438 -27.58 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



3.7 NONSECTARIAN REGULAR TYPOLOGY

The Nonsectarian Regular typology is a fairly small proportion of all private schools. For
example, in the 1993-94 Private School Survey, there were an estimated 2,198 Nonsectarian Regular
schools or just about 8% of the private school total for that year.

In table 7.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school total is much larger than the PSS (by about 15.7%); SASS, also,
estimates many more teachers and students than are shown in PSS (8.0% and 12.8% more
respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 7.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 301 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along essentially the same axis.
In fact, the slopes of the student/teacher relationship are similar, but clearly distinguishable, being
8.6 for PSS and 8.2 for SASS. While not directly comparable because of differences in sample
designs, the R2 values for the student/teacher ratios in both (unweighted) samples show analytically
what can be observed from the graph, namely that the scatter is fairly modest around the average
teacher/student relationship. These values are R2 = .82 (PSS) and R2 = .81 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.7.1); then the 011dn factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.7.2). The results of the Basic
GLS were also obtained (section 3.7.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the Olkin GLS and Basic GLS
versions (section 3.7.4). An independent assessment (section 3.7.5) concludes the discussion.

3.7.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 7.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.
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Table 7.1 Nonsectarian Regular: Weighted schools totals before excluding outliers
(Based on 1,856 PSS and 301 SASS sample schools)

Variable PSS SASS Difference

Schools 2,198 2,544 -346
Teachers 51,748 55,911 -4,163
Students 481,423 542,980 -61,557

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 7.2 Nonsectarian Regular: Weighted schools totals after excluding outliers
(Based on 1,839 PSS and 288 SASS sample schools)

Variable PSS SASS Difference

Schools 2,179 2,530 -351
Teachers 49,398 52,904 -3,506
Students 460,151 513,741 -53,590

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 7.1 Nonsectarian Regular: Student versus teacher unweighted sample totals for PSS and
SASS combined in 1993-94

(before removing outliers)
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Figure 7.2 Nonsectarian Regular: Student versus teacher unweighted sample totals for PSS and
SASS combined in 1993-94

(after removing outliers)
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For the Nonsectarian Regular typology, simple visual inspection resulted in reducing the PSS
sample by 11 cases -- with a corresponding reduction in the SASS sample of 7 cases. The
visual inspection, though, had to be supplemented by a more analytic method, which
systematically excluded points more than a certain distance from the overall center of the
combined PSS/SASS samples. After this second step, there was a further reduction of 6 PSS
and 6 SASS points.

Figure 7.2 is the plot of the remaining 1839 PSS and 288 SASS cases. Notice that the
student/teacher relationships have not changed appreciably from those in figure 7.1. In
particular, the student/teacher ratio in PSS went from 8.557 to 8.629; for SASS the ratio went
from 8.235 to 8.269. This seemed close enough for the GLS method to have a chance of
working without negative weights. Notice further, the scatter of points in both samples is
visually perhaps a little tighter, albeit the R2 values changed almost not at all.

3.7.2 Olkin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

=

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 7.2 below.

To carry out the Olkin GLS, the schools were placed into four school size classes
(specifically under 150, 150 to 499, 500 to 749, 750 and above).

When initially run, though, the 011cin GLS resulted in 26 cases with excessively small
weights (between .2 and .7). In these instances, a Winsorizing constant of .5 was added and
then the Olkin adjustment was redone. Anyway, after both these steps, the difference
between the PSS and SASS estimates had shrunk (considerably in overall absolute value) to

-86
d = 1137

-8798

The matrix M was obtained by tabulating the 1993-94 SASS file for the 288 schools
remaining in the SASS sample. The values are

288

11403

98970

11403

735175

6079382

98970

6079382

54284736
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Solving for 1 yields

= (-0.77597, +0.04361, -0.00363)

and the Olkin GLS weights are of the form

u; = w; - 0.77597 + 0.04361t1 - 0.00363s;

Notice that all the original weights are lowered considerably (by about .8); and, then,
depending on the teacher and student counts in the sampled school, they may be increased
again or lowered further (usually they would not be lowered, except for the schools with the
very largest enrollments). These additional school-by-school adjustments appear to be small
and should not have much if any adverse consequences. One final comment, while the values
for A are only shown to six significant digits, the calculations have been carried out in double
precision.

3.7.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

1 =

again needs to be solved. It is immediate from table 7.2 above that d for the basic GLS would
be

-351
d = -3506

-53590

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Nonsectarian Regular schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for yields this time

= (-2.44982, +0.05968, -0.00316)

and the basic GLS weights are of the form

u; = w; - 2.44982 + 0.05968t1 - 0.00316s;

Notice that again the original weights are lowered, this time by quite a bit more than the
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amount that the Olkin GLS weights were; again, however depending on the teacher and
student counts in the sampled school, they may be increased again or lowered further.
Looking just at the equation, concerns about negative weights arise and, indeed, these did
materialize.

3.7.4 Operational Characteristics. -- To examine the Basic and 011cin GLS reweighting done,
several "diagnostics" will be looked at. One statistic that may merit immediate attention is
what happened to the spread in the weights themselves. Did the spread grow larger or
smaller?

Figure 7.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The original (or y) weights in the upper panel have a slightly smaller
spread than the GLS (or x) weights (since the equation which fits them is y = 1.0442x). Now,
on the other hand, the original SASS weights are related to the Olkin GLS weights by an
equation of the form y = 1.1593x. Hence, the spread in the 011cin (or x) weights is
considerably smaller than for the original (or y) weights.

The R2 values shown in the upper panel in figures 7.3 might be commented on too. Both are
quite high, at or above 0.99 and most of the points lie very close to or just above the 45
degree line. The problem of negative weights did not arise for the Olkin GLS method. There
were, though, 41 schools with weights close too but still less than one; for the Basic GLS,
there were 42 negative weights and 16 more less than one.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 7.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The
regression average of the basic GLS (or y) values is larger than the corresponding average
of the Olkin GLS (or x) values. The R2 of .99+ between the two methods suggests a
closeness between them, despite the problem of negative weights for the Basic GLS.

3.7.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Nonsectarian Regular Typology are available in tables 7.3 and 7.4,
plus figure 7.4:

-- Table 7.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 7.4 is based on table 7.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 7.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Note that this graph is in logs.
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One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 7.3 and especially 7.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does reasonably well. Of the eighteen overall comparisons by
school size, the Olkin GLS weighted SASS is closer to the PSS than the original weighted
SASS half of the time. It is closer than the Basic GLS in 11 out of 18 comparisons). The
results by community type are good for the Olkin GLS relative to the other two. This is
unexpected, since the Olkin approach did not try to control by community type (as it had by
school size).

In figure 7.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already very close to the PSS, since the best fit regression equation which connects
the various estimates is y = .9908x. There is just a little roughness around this average,
however, as displayed visually and summarized by the R2 value which is equal to R2 = .9912.
This is extremely good, suggesting that the SASS sample of Nonsectarian Regular schools
is excellent.

As in figure 7.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit is similar, yielding the relationship y = 1.0041x. Again, the average results for this method
remain good. A great deal more roughness is exhibited around the average, as evidenced by
the much lower R2 value in this case (R2 = .9804).

Finally, in figure 7.4, it can be seen that for the Olkin GLS weighted SASS sample the
regression fit yields the relationship y = 1.0037x. The average results for this method are
intermediate between the other two, with again an excellent R2 value in this case of R2 =
.9883.

What can be concluded about this typology? The Olkin GLS method seems in no way
inferior overall to the original SASS weighted file. To its credit, moreover, it hits the overall
PSS school, teacher, and student totals exactly. The Olkin GLS method, furthermore and not
surprisingly, does as well or better than the other two when estimates are looked at by school
size. The Basic GLS method, while good in some respects, cannot be used without further
adjustment because of the negative weights which exist.

In the summary and recommendations section, additional comments will be made about how
the Olkin GLS might be improved further, leading to still better results. (Also see Kaufman,
Li, and Scheuren 1995.)



Figure 7.3 Nonsectarian Regular: Scatterplot matrix comparing original, basic GLS, and Olkin GLS
weights
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 7.4 Nonsectarian Regular: Scatterplot matrix comparing estimated PSS, original, Olkin GLS,
and basic GLS SASS totals by school size and community type from Table 7.3

(in log scale)
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Table 7.3 - Nonsectarian Regular: Estimates by school size and community type, PSS and SASS
compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (1,839 schools)

1 - 149
School
Teacher
Student

502
3,811

31,266

403
3,362

27,090

243
2,410

17,031

1,147
9,583

75,386
School 173 156 168 497

150 - 299 Teacher 3,698 3,821 3,988 11,506
Student 36,548 33,353 37,640 107,540
School 124 88 98 310

300 - 499 Teacher 5,119 3,513 3,394 12,026
Student 47,288 33,974 37,382 118,644
School 68 50 33 151

500 - 749 Teacher 4,571 3,337 1,477 9,385
Student 41,468 30,262 19,596 91,327
School 41 19 14 74

750 + Teacher 4,217 1,650 1,032 6,899
Student 38,312 16,470 12,472 67,254
School 908 716 555 2,179

Total Teacher 21,415 15,683 12,300 49,398
Student 194,882 141,150 124,120 460,151

Part II - Original SASS total (288 schools)

1 - 149
School
Teacher
Student

416
3,132

31,889

640
3,667

31,120

384
3,174

23,280

1,439

9,974
86,289

School 244 137 123 504
150 - 299 Teacher 5,289 3,488 3,642 12,419

Student 52,325 30,184 30,171 112,680
School 94 118 118 330

300 - 499 Teacher 4,013 4,535 3,689 12,237
Student 36,481 49,380. 49,700 135,561
School 77 57 27 161

500 - 749 Teacher 5,113 3,872 1,295 10,281
Student 47,128 35,270 16,983 99,382
School 47 26 10 83

750 + Teacher 4,910 2,037 817 7,764
Student 43,872 24,346 9,256 77,474
School 878 977 662 2,517

Total Teacher 22,457 17,600 12,618 52,675
Student 211,696 170,300 129,390 511,386

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 7.3 - Nonsectarian Regular: Estimates by school size and community type, PSS and SASS
compared (cont'd)

School Size
Community Type

Urban Fringe / Rural /
Central City Large Town Small Town

Total

Part III - Olkin GLS SASS total (288 schools)

1 - 149
School
Teacher
Student

342
2,569

26,340

537
3,051

25,765

325
2,688

19,592

1,205

8,308
71,697

School 221 123 114 458
150 - 299 Teacher 4,892 3,229 3,502 11,623

Student 47,344 27,324 28,117 102,786
School 78 105 100 283

300 - 499 Teacher 3,435 4,180 3,175 10,790
Student 30,337 43,953 42,282 116,572
School 73 56 22 152

500 - 749 Teacher 5,107 4,095 1,091 10,293
Student 44,597 35,068 13,947 93,611
School 51 21 9 81

750 + Teacher 5,888 1,822 673 8,384
Student 48,373 19,486 7,624 75,484
School 765 843 570 2,179

Total Teacher 21,892 16,377 11,129 49,398
Student 196,992 151,596 111,563 460,151

Part IV - Basic GLS SASS total (288 schools)

1 - 149
School
Teacher
Student

342
2,481

26,910

579

3,149
26,830

349
2,799

20,545

1,270
8,428

74,284
School 199 105 98 403

150 - 299 Teacher 4,329 2,747 3,036 10,113
Student 42,571 23,449 24,498 90,518
School 56 99 96 251

300 - 499 Teacher 2,648 3,909 3,012 9,569
Student 22,267 41,804 40,953 105,024
School 73 58 22 153

500 - 749 Teacher 5,168 4,264 1,103 10,534
Student 44,694 36,111 14,052 94,857
School 66 26 10 101

750 + Teacher 7,748 2,233 772 10,753
Student 63,230 23,488 8,751 95,469
School 737 866 576 2,179

Total Teacher 22,374 16,302 10,722 49,398
Student 199,671 151,681 108,799 460,152

SOURCE: U.S. Department of Education, NCES, Private School ofSchools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Table 7.4 - Nonsectarian Regular: Estimates by school size and community type, PSS and SASS
compared in percent difference

School Size
Community Type . Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals

1 - 149
School
Teacher
Student

17.07
17.82
-1.99

-58.91
-9.09

-14.88

-57.88
-31.73
-36.69

-25.47
-4.08

-14.46
School -40.79 12.32 26.60 -1.39

150 - 299 Teacher -43.04 8.72 8.66 -7.93
Student -43.17 9.50 19.84 -4.78
School 24.00 -33.23 -20.61 -6.39

300 - 499 Teacher 21.60 -29.11 -8.69 -1.76
Student 22.85 -45.34 -32.95 -14.26
School -13.38 -13.26 19.49 -6.13

500 - 749 Teacher -11.87 -16.05 12.33 -9.55
Student -13.65 -16.55 13.33 -8.82
School -13.36 -40.27 24.30 -13.21

750 + Teacher -16.45 -23.45 20.81 -12.55
Student -14.51 -47.82 25.78 -15.20

Total School 3.32 -36.54 -19.17 -15.51
% diff Teacher -4.87 -12.23 -2.58 -6.63
from PSS Student -8.63 -20.65 -4.25 -11.13

Percent difference from PSS and Olkin GLS SASS totals

1 - 149
School
Teacher
Student

31.74
32.59
15.75

-33.46
9.25
4.89

-33.95
-11.56
-15.04

-5.06
13.30

4.89
School -27.48 20.99 31.80 7.73

150 - 299 Teacher -32.30 15.49 12.19 -1.01
Student -29.54 18.07 25.30 4.42
School 37.26 -18.76 -2.28 8.81

300 - 499 Teacher 32.88 -19.00 6.46 10.27
Student 35.85 -29.37 -13.11 1.75

School . -8.00 -12.68 33.95 -0.34
500 749 Teacher -11.73 -22.72 26.13 -9.68

Student -7.54 -15.88 28.83 -2.50
School -23.62 -13.97 37.63 -9.80

750 + Teacher -39.64 -10.42 34.77 -21.52
Student -26.26 -18.31 38.86 -12.24

Total School 15.70 -17.82 -2.71 0.00
% diff Teacher -2.23 -4.43 9.52 0.00
from PSS Student -1.08 -7.40 10.12 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



Table 7.4 - Nonsectarian Regular: Estimates by school size and community type, PSS and SASS
compared in percent difference (cont'd)

Community Type Total
School Size Urban Fringe / Rural / d iff

Central City Large Town Small Town from PSS

Percent difference from PSS and Basic GLS SASS totals

1 - 149
School
Teacher
Student

31.75
34.91
13.93

-43.71
6.33
0.96

-43.85
-16.13
-20.63

-10.74
12.05

1.46
School -15.00 32.47 41.30 18.89

150 - 299 Teacher -17.08 28.11 23.86 12.11
Student -16.48 29.69 34.92 15.83
School 54.89 -11.99 1.73 19.05

300 - 499 Teacher 48.26 -11.29 11.27 20.42
Student 52.91 -23.04 -9.56 11.48
School -7.98 -15.51 33.67 -1.33

500 - 749 Teacher -13.06 -27.77 25.32 -12.25
Student -7.78 -19.33 28.29 -3.86
School -59.89 -36.48 28.40 -37.54

750 + Teacher -83.74 -35.33 25.13 -55.88
Student -65.04 -42.61 29.83 -41.95

Total School 18.85 -21.04 -3.71 0.00
% diff Teacher -4.48 -3.95 12.83 0.00
from PSS Student -2.46 -7.46 12.34 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.



3.8 NONSECTARIAN SPECIAL EMPHASIS TYPOLOGY

The Nonsectarian Special Emphasis typology ranks 7th in size among private schools. For
example, in the 1993-94 Private School Survey, there were an estimated 2,106 schools or about 8%
of the private school total for that year. (Only the Special Education and Private Catholic typologies
had smaller numbers of schools).

In table 8.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school totals quite a bit lower (at 14.3%); SASS, also, has many fewer
teachers and students than are shown in PSS (16.7% to 12.9% less).

To set the stage for the calculations that follow, it might be worth looking at figure 8.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black o's. Overlaying the PSS data and shown as gray A's are the data from the 149 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along the same axis. In fact,
the slope of the student/teacher relationship is 7.5 for both PSS and SASS. While not directly
comparable because of differences in sample designs, the le values for the student/teacher ratios in
both (unweighted) samples also show a strong relationship -- at le = .71 (PSS) and le = .85 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing this new estimator, a decision was first made about which sample cases to
use (see section 3.8.1); then the Olkin factors were calculated and applied to the original SASS
weights, before carrying out the GLS adjustment (see section 3.8.2). The results of the basic GLS
were also obtained (section 3.8.3). Operational considerations are covered next and comparisons
made to the original SASS weighted sample and to the Olkin GLS and basic GLS versions (section
3.8.4). An independent assessment (section 3.8.5) concludes the discussion.

3.8.1 Determining Outliers. --Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 8.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.

For the Special Emphasis typology, simple visual inspection and a later systematic analysis
were needed. There were 24 PSS cases set aside for imputation -- 22 visually and two more
after analysis; for the SASS, the corresponding values were eight visually and two more
analytically. The remaining PSS sample of 1594 was then employed in all the rest of the

115



Table 8.1 Nonsectarian Special Emphasis: Weighted schools totals before excluding outliers
(Based on 1,618 PSS and 149 SASS sample schools)

Variable PSS SASS Difference

Schools 2,106 1,805 301
Teachers 20,794 17,321 3,473
Students 163,251 142,180 21,071

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.

Table 8.2 Nonsectarian Special Emphasis: Weighted schools totals after excluding outliers
(Based on 1,594 PSS and 139 SASS sample schools)

Variable PSS SASS Difference

Schools 2,079 1,783 296
Teachers 18,431 15,116 3,315
Students 142,627 123,423 19,203

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 8.1 Nonsectarian Special Emphasis: Student versus teacher unweighted sample totals for PSS
and SASS combined in 1993-94

(before removing outliers)
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey:1993-94,
Private School Surveys, 1993-94.
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Figure 8.2 Nonsectarian Special Emphasis: Student versus teacher unweighted sample totals for PSS
and SASS combined in 1993-94

(after removing outliers)
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work commented on here; the corresponding SASS remaining sample was 139. Figure 8.2
is the plot of these remaining cases. Notice that the student/teacher relationships are little
changed overall from those in figure 1.1; however, the scatter in both samples appears
considerably tighter visually, although the R.' values are somewhat lower.

3.8.2 Olkin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

=111-1d

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting points were the new typology totals for PSS
and SASS. These are shown in table 8.2 below.

To carry out the Olkin GLS, the schools were grouped into just two school size classes
(under 150, 150 and above).

After the 011cin adjustment to each of the two school size groups, the difference between PSS
and SASS had shrunk (considerably in overall value) to

-75
d = 668

-1558

The matrix M was obtained by tabulating the 1993-94 SASS file for the Special Emphasis
schools in the SASS sample. The values are

139 1692 13456

1692 41808 330228

13456 330228 2892692

Solving for A. yields

= (-1.41860, +0.25968, -0.02358)

and the Olkin GLS weights are of the form

u; = w; - 1.41860 + 0.25968t; - 0.02358s;

Notice that all the original weights are lowered by a considerable amount (about 1.4); and,
then, depending on the teacher and student counts in the sampled school, they may be
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lowered further (usually this would not occur except for the very largest schools). These
additional school-by-school adjustments do not appear to be too drastic -- given that the
coefficients on the teacher and student counts are so small. One final comment, while the
values for A are only shown to six significant digits, the calculations have been carried out
in double precision.

3.8.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

X=M-ld

again needs to be solved. It is immediate from table 8.2 above that d for the basic GLS would
be

296
d = 3315

19203

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the Special Emphasis schools in the SASS sample. Because the Olkin and Basic GLS
employ just the unweighted sample to calculate M, it is the same for both (and hence not
shown).

Solving for A yields this time

= (+2.33752 ,+0.18476, -0.02532)

and the basic GLS weights are of the form

u; = w; + 2.33752 + 0.18476t; - 0.02532s;

Notice that all the original weights this time are raised (and by a considerable amount); then,
depending on the teacher and student counts in the sampled school, they may be increased
again or lowered (usually they would not be "lowered" except for the very largest schools).
These additional school-by-school adjustments appear important because of the size of the
coefficients employed. Looking just at the equation, concerns about negative weights might
arise but, as will be seen below, these did not materialize.

3.8.4 Operational Characteristics. -- Both the Basic and Olkin GLS reweighting done, as described
above, seems to have worked well. To indicate why this observation is made, several
"diagnostics" will be looked at. One statistic that may merit immediate attention is what
happened to the spread in the weights themselves. Did the spread grow larger or smaller?

Figure 8.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. Both GLS weights have a wider spread than does the original SASS
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weight. This follows by noting that the original (or y) weights in the upper panel are related
to the GLS (or x) weights by the expressions y = .9252x (Basic GLS); and y = .8384x (Olkin
GLS).

The R2 values shown in the upper panel in figures 8.3 might be commented on too, along
with the appearance of the scatter itself. In particular, very little evidence exists to indicate
that either of the reweighting approaches altered the original weights in any major way,
beyond rescaling them. The R2 values are both above 0.98 and most of the points lie on or
just about the 45 degree line. The problem of negative weights did not arise either and there
was only a few cases where the GLS weights were less than one (four for the Olkin GLS and
one for the Basic GLS).

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 8.3 will continue to be our source. This time, though, look at panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The basic
GLS (or y) values are somewhat smaller than the Olkin GLS (or x) values. Beyond this
rescaling, there is virtually no difference in the weights -- as evidenced by an R2 of .98
between the two methods. The plotted points confirm this.

3.8.5 Independent Assessments. The ingredients used here for an independent assessment of the
GLS adjustment of the Catholic Parochial Typology are available in tables 8.3 and 8.4, plus
figure 8.4:

-- Table 8.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, 011cin, and Basic
GLS estimates respectively.

-- Table 8.4 is based on table 8.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 8.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Notice the graph has been plotted in logs.

One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 8.3 and especially 8.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the 011cin GLS weighted SASS is closer to the PSS than the original weighted
SASS 10 times and closer than the Basic GLS in eight out of 18 times. The data by
community type also appear better for the Olkin GLS, even though the Olkin approach did
not try to control by community type, as it had by school size.

In figure 8.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
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average already very close to the PSS, since the best fit regression equation that connects the
various estimates is y = 1.0183x. There is some roughness around this average, however, as
displayed visually and summarized by the R2 value that is equal to R2 = .9577. This is quite
good, suggesting that the SASS sample of Special Emphasis schools is excellent.

As in figure 8.4, it can be seen that for the Basic GLS weighted SASS sample the regression
fit yields the relationship y = 1.0119x. The average results for this method remain good.
Again, there is little roughness exhibited around the regression average, as evidenced by the
slightly larger R2 value in this case (R2 = .9502).

Finally, in figure 8.4, it can be seen that for the 011dn GLS weighted SASS sample the
regression fit yields the relationship y = 1.0026x. The average results for this methodare
slightly better than the other two. The roughness exhibited around the regression average is
similar to the other two estimators, as evidenced by the R2 value of R2 = .9539.

What can be concluded about this typology? Neither the Basic nor the Olkin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, both hit
the PSS school, teacher, and student totals exactly. The Olkin GLS method, furthermore and
not surprisingly, does as well or better than the other two when estimates are looked at by
school size (and even community type).

In the summary and recommendations section, comments will be made about how the Olkin
GLS might be improved further, leading to still better results.
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Figure 8.3 Nonsectarian Special Emphasis: Scatterplot matrix comparing original, basic GLS, and
Olkin GLS weights
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R2 = 0.983

40

20

20 40 60

Olkin GLS

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 8.4 Nonsectarian Special Emphasis: Scatterplot matrix comparing estimated PSS, original,
Olkin GLS, and basic GLS SASS totals by school size and community type from Table 8.3

(in log scale)
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Table 8.3 - Nonsectarian Special Emphasis: Estimates by school size and community type, PSS and SASS
compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (1,594 schools)

1 - 149
School
Teacher
Student

771

5,614
40,525

694
4,702

33,701

412
2,898

17,418

1,877
13,214
91,645

School 68 50 22 141

150 - 299 Teacher 1,262 1,047 509 2,819
Student 13,499 10,059 4,394 27,952

School 32 20 5 56
300 - 499 Teacher 1,085 867 197 2,149

Student 11,128 7,371 1,901 20,400
School 2 3 NA 5

500 - 749 Teacher 125 123 NA 249
Student 1,227 1,403 NA 2,630
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 873 767 439 2,079

Total Teacher 8,087 6,740 3,604 18,431

Student 66,379 52,535 23,713 142,627

Part II - Original SASS total (139 schools)

1 - 149
School
Teacher
Student

779
5,413

36,951

439
2,661

24,280

382
2,022

15,361

1,600
10,096
76,592

School 44 53 6 103

150 - 299 Teacher 912 904 110 1,926
Student 7,296 9,432 1,030 17,757

School 47 26 NA 72
300 - 499 Teacher 1,922 840 NA 2,762

Student 15,708 9,910 NA 25,619
School 3 3 NA 6

500 - 749 Teacher 168 163 NA 330
Student 1,900 1,549 NA 3,449
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 873 521 388 1,782

Total Teacher 8,414 4,567 2,133 15,114
Student 61,855 45,171 16,390 123,417

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 8.3 - Nonsectarian Special Emphasis: Estimates by school size and community type, PSS and SASS
compared (cont'd)

School Size
Community Type

Urban Fringe / Rural /
Central City Large Town Small Town

Total

Part III - Olkin GLS SASS total (139 schools)

1 - 149
School
Teacher
Student

919
6,675

43,835

508
3,164

27,661

451

2,443
18,099

1,879
12,281

89,594
School 50 52 6 108

150 - 299 Teacher 1,063 979 118 2,160
Student 8,117 9,441 1,057 18,616
School 53 34 NA 87

300 - 499 Teacher 2,225 1,457 NA 3,682
Student 17,766 13,556 NA 31,322
School 2 4 NA 5

500 - 749 Teacher 92 216 NA 307
Student 1,039 2,055 NA 3,094
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 1,024 598 457 2,079

Total Teacher 10,055 5,815 2,561 18,431
Student 70,758 52,713 19,156 142,627

Part IV - Basic GLS SASS total (139 schools)

1 - 149
School
Teacher
Student

912
6,666

44,299

522
3,438

29,240

438
2,456

17,886

1,872
12,560
91,425

School 55 62 9 126
150 - 299 Teacher 1,180 1,131 187 2,498

Student 9,053 11,136 1,641 21,831
School 50 29 NA 79

300 - 499 Teacher 2,070 1,174 NA 3,244
Student 16,579 11,513 NA 28,091
School 1 2 NA 2

500 - 749 Teacher 30 99 NA 129
Student 338 941 NA 1,280
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 1,017 614 447 2,079

Total Teacher 9,946 5,842 2,643 18,431
Student 70,269 52,830 19,527 142,627

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 8.4 - Nonsectarian Special Emphasis: Estimates by school size and community type, PSS and SASS
compared in percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals

1 - 149
School
Teacher
Student

-1.03
3.58
8.82

36.73
43.41
27.96

7.27
30.22
11.81

14.75
23.60
16.43

School 35.11 -6.19 74.22 26.65

150 - 299 Teacher 27.77 13.70 78.32 31.67
Student 45.95 6.23 76.57 36.47

School -48.26 -29.22 NA -29.27

300 - 499 Teacher -77.06 3.09 NA -28.51

Student -41.16 -34.45 NA -25.58

School -53.42 -5.86 NA -27.85

500 - 749 Teacher -34.11 -31.70 NA -32.91

Student -54.82 -10.39 NA -31.12

School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA

Total School -0.04 32.08 11.66 14.28

% diff Teacher -4.05 32.24 40.82 18.00

from PSS Student 6.82 14.02 30.88 13.47

Percent difference from PSS and Olkin GLS SASS totals

1 - 149
School
Teacher
Student

-19.16
-18.89
-8.17

26.75
32.72
17.92

-9.52
15.72

-3.90

-0.07
7.07
2.24

School 27.08 -3.55 73.46 23.56
150 - 299 Teacher 15.75 6.52 76.81 23.35

Student 39.87 6.14 75.93 33.40

School -68.81 -71.23 NA -55.70
300 - 499 Teacher -105.03 -68.07 NA -71.33

Student -59.66 -83.91 NA -53.54

School 15.98 -40.23 NA -14.56
500 - 749 Teacher 26.64 -74.69 NA -23.67

Student 15.31 -46.43 NA -17.63

School NA NA NA NA
750 + Teacher NA NA NA NA

Student NA NA NA NA
Total School -17.25 22.02 -4.14 0.00
% diff Teacher -24.34 13.72 28.95 0.00
from PSS Student -6.60 -0.34 19.22 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 8.4 - Nonsectarian Special Emphasis: Estimates by school size and community type, PSS and SASS
compared in percent difference (cont'd)

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals

1 - 149
School
Teacher
Student

-18.30
-18.73

-9.31

24.83
26.89
13.24

-6.23
15.25
-2.68

0.30
4.95
0.24

School 19.53 -23.39 58.74 10.51
150 - 299 Teacher 6.48 -7.95 63.30 11.38

Student 32.94 -10.71 62.64 21.90
School -57.58 -47.37 NA -40.93

300 - 499 Teacher -90.75 -35.46 NA -50.97
Student -48.98 -56.19 NA -37.71
School 72.60 35.55 NA 52.74

500 - 749 Teacher 76.11 19.97 NA 48.24
Student 72.42 32.92 NA 51.34
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA

Total School -16.52 19.85 -1.80 0.00
% diff Teacher -22.99 13.33 26.67 0.00
from PSS Student -5.86 -0.56 17.65 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.



3.9 NONSECTARIAN SPECIAL EDUCATION TYPOLOGY

The Special Education typology represents almost the smallest type of private school. For
example, in the 1993-94 Private School Survey, there were just an estimated 1,237 such schools or
about 4.7% of the private school total for that year.

In table 9.1, SASS and PSS estimates are shown for schools, teachers, and students. Bringing
these three SASS totals in line with the corresponding PSS ones is the exercise to be engaged in here.
Notice that the SASS school totals are lower than the PSS (by about 3%); SASS also underestimated
teachers and students relative to the PSS (by 8.3% and 16.6% respectively).

To set the stage for the calculations that follow, it might be worth looking at figure 9.1 which
provides a scatterplot of student enrollment by number of teachers. The PSS sample schools are
shown as black 's. Overlaying the PSS data and shown as gray A's are the data from the 168 SASS
sample cases.

As can be seen, the SASS scatter lies within that for PSS and along essentially the same axis.
In fact, the slope of the student/teacher relationship is 4.0 for PSS and 4.1 for SASS -- virtually
indistinguishable (Indeed, the least squares lines are touching over most of their length). While not
directly comparable because of differences in sample designs, the R2 values for the student/teacher
ratios in both (unweighted) samples show analytically what can be observed from the graph, namely
that the scatter is not very tightly bunched around the average teacher/student relationship. These
values are R2 = .31 (PSS) and R2 = .18 (SASS).

Since these surveys are for the same year, the expected values for the weighted PSS and
corresponding SASS quantities would be the same; hence an estimator that made them exactly equal
might be an appropriate condition to impose.

In constructing these new GLS estimators, a decision was first made about which sample
cases to use (see section 3.9.1); then the Olkin factors were calculated and applied to the original
SASS weights, before carrying out the GLS adjustment (see section 3.9.2). The results of the basic
GLS were also obtained (section 3.9.3). Operational considerations are covered next and
comparisons made to the original SASS weighted sample and to the Olkin GLS and basic GLS
versions (section 3.9.4). An independent assessment (section 3.9.5) concludes the discussion.

3.9.1 Determining Outliers. -- Before applying a GLS adjustment, the first step taken was to look
closely at the scatter in figure 9.1 -- to see if any SASS or PSS outliers should be excluded
from the GLS reweighting and handled in another way. See Section 4.4 for more discussion
of this.
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Table 9.1 Nonsectarian Special Education: Weighted schools totals before excluding outliers
(Based on 1,086 PSS and 168 SASS sample schools)

Variable PSS SASS Difference

Schools 1,237 1,274 -37
Teachers 13,695 14,844 -1,149
Students 74,087 86,356 -12,269

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.

Table 9.2 Nonsectarian Special Education: Weighted schools totals after excluding outliers
(Based on 1,079 PSS and 165 SASS sample schools)

Variable PSS SASS Difference

Schools 1,229 1,268 -39
Teachers 13,006 14,487 -1,481
Students 71,592 84,659 -13,067

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 9.1 Nonsectarian Special Education: Student versus teacher unweighted sample totals for PSS
and SASS combined in 1993-94

(before removing outliers)
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 9.2 Nonsectarian Special Education: Student versus teacher unweighted sample totals for PSS
and SASS combined in 1993-94

(after removing outliers)
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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For the Special Education typology, simple visual inspection seemed sufficient, resulting in
a reduced PSS sample(from 1086 to 1079 cases)and a correspondingly reduced SASS sample
(from 168 to 165 cases). Figure 9.2 is the plot of the remaining cases. Notice that the
student/teacher relationships have changed somewhat from those in figure 9.1; additionally,
the scatter of points in both samples is visually much tighter.(The R2 values have both
increased sizably too.)

3.9.2 Olkin GLS Procedure Employed. -- To carry out the Olkin GLS weighting the equation

= M

needed to be solved, as described in Section 2; but only after adjusting the original SASS
weights within school size classes. The starting point was the new typology totals for PSS
and SASS. These are shown in table 9.2 below.

To carry out the Olkin GLS, the schools were placed into two school size classes
(specifically under 150, 150 and above).

After the Olkin adjustment, the difference between the PSS and SASS estimates had shrunk
(considerably in overall absolute value) to

-26
d = 346

-84

The matrix M was obtained by tabulating the 1993-94 SASS file for the eligible Special
Education schools in the SASS sample. The values are

165 2638 14515

2638 69092 332386

14515 332386 1917245

Solving for A yields

= (-.53570, +0.03714, -0.00243)

and the Olkin GLS weights are of the form
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u; = w; - 0.53570 + 0.03714t; - 0.00243s;

Notice that all the original weights are lowered (by about .5); and, then, depending on the
teacher and student counts in the sampled school, they may be increased or lowered (usually
they would not be lowered further except for the very largest schools). These additional
school-by-school adjustments do not appear to be too drastic -- given that the coefficients
on the teacher and student counts are so small. One final comment, while the values for X
are only shown to six significant digits, the calculations have been carried out in double
precision.

3.9.3 Basic GLS Procedure Employed. -- To carry out the basic GLS weighting the equation

= M -1d

again needs to be solved. It is immediate from table 9.2 above that d for the basic GLS would
be

-39
d = -1481

-13067

The matrix M is again obtained by tabulating the eligible portion of the 1993-94 SASS file
for the eligible Special Education schools in the SASS sample. Because the Olkin and Basic
GLS employ just the unweighted sample to calculate M, it is the same for both (and hence
not shown).

Solving for X yields this time

X' = (+.96094, +0.05823, -0.024185)

and the basic GLS weights are of the form

= w; + 0.96094 + 0.05823t; - 0.024185s;

Notice that all the original weights are raised this time (where for the Olkin GLS they were
lowered), and, then, depending on the teacher and student counts in the sampled school, they
may be increased again or lowered (usually they would not be "lowered," except for the
very largest schools). These additional school-by-school adjustments do not appear to be too
drastic -- given that the coefficients on the teacher and student counts are so small. They are
the same size or somewhat larger in absolute value, though, than for the Olkin adjustment --
a pattern that was expected (and which turns out to be generally true overall).

3.9.4 Operational Characteristics. -- To examine the Basic and Olkin GLS reweighting done,
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several "diagnostics" will be looked at. One statistic that may merit immediate attention is
what happened to the spread in the weights themselves. Did the spread grow larger or
smaller?

Figure 9.3 provides this information in its upper panels, which compare the original and two
GLS adjustments. The Basic GLS weight has a smaller spread than does the original SASS
weight. This follows by noting that the original (or y) weights in the upper panel are slightly
smaller than the GLS (or x) weights (since the equation which fits them is y = .9949x). For
the Olkin GLS, the variability in the weights is somewhat smaller still than in the original
SASS (with the equation relating them being of the form y = .9598x).

While the overall differences in scale between the weights appear unimportant, the scatter
for the Olkin GLS unaccountably shows a distinct break between the original data and the
final Olkin weights for the smallest schools.

The R2 values shown in the upper panel in figures 9.3 might be commented on too. Despite
the appearance of the scatter itself, very little evidence exists to indicate that either of the
reweighting approaches altered the original weights in any major way. The R2 values are both
at or above 0.97 and most of the points lie close to the 45 degree line. The problem of
negative weights did not arise for the Olkin GLS, although there were ten schools with
weights smaller than one. For the Basic GLS, the results were not quite as good. Negative
weights occurred for 8 schools, and there were 19 more cases with weights less than one.

A brief comment might be made on the differences between the Basic and Olkin GLS
weights. Figure 9.3 will continue to be our source. This time, though, look at the panel in the
second row of the scatterplot matrix where the Basic and Olkin GLS are graphed. The Basic
GLS (or y) values are smaller than the 011cin GLS (or x) values; but ever so slightly. There
is virtually no overall difference in the weights -- as evidenced by an R2 of .95 between the
two methods. The plotted points do indicate some departures though, as noted earlier, among
a handful of schools.

3.9.5 Independent Assessments. -- The ingredients used here for an independent assessment of the
GLS adjustment of the Special Education Typology are available in tables 9.3 and 9.4, plus
figure 9.4:

-- Table 9.3 is a cross-tabulation of PSS and SASS by community type and school
size. Within each combination of these, PSS totals for schools, teachers, and
students can be compared with the corresponding original SASS, Olkin, and Basic
GLS estimates respectively.

-- Table 9.4 is based on table 9.3 but focuses directly on percentage differences
between the three SASS estimates and PSS.

-- Figure 9.4, which provides the corresponding graphical summaries, is where the
discussion is mainly concentrated. Note this graph is on a log scale.
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One place to begin an assessment is by determining the degree to which the various
reweighted SASS results agreed to the PSS by size of school. After some looking at the total
columns in tables 9.3 and especially 9.4, it is clear that the Olkin GLS, while far from
uniformly better, certainly does the best on the average. Of the eighteen overall comparisons
by school size, the 011cin GLS weighted SASS is closer to the PSS than the original weighted
SASS, 11/18 times; and closer than the Basic GLS also in 11/18 comparisons. Thus, in over
half of the cases, the Olkin method is to be favored.

The results by community type are not very good for any of the estimators. This, while
disappointing, might have been expected since none of the approaches looked at community
type (and the typology sample size is small).

In figure 9.4, the plots may provide an overall sense of what is happening. The top panel in
that figure is the place to begin. Notice first that the original SASS weighted file was on the
average already fairly close to the PSS, since the best fit regression equation which connects
the various estimates is y = .973x. There is a little roughness around this average, however,
as displayed visually and summarized by the R2 value which is equal to R2 = .9617.

Also in figure 9.4, it can be seen that for the Basic GLS weighted SASS sample the
regression fit is similar, yielding the relationship y = 1.0065x. Again, the average results for
this method remain good. Considerably more roughness is exhibited, though, around the
average as evidenced by the smaller R2 value in this case (R2 = .834).

Finally, in figure 9.4, it can be seen that for the 011dn GLS weighted SASS sample the
regression fit yields the relationship y = 1.0099x. The average results for this method are
close to the best, with an R2 value in this case of R2 = .9745.

What can be concluded about this typology? Neither the Basic nor the Olkin GLS methods
seem in any way inferior overall to the original SASS weighted file. To their credit, they both
hit the overall PSS school, teacher, and student totals exactly. The Olkin GLS method,
furthermore and not surprisingly, does as well or better than the other two when estimates
are looked at by school size. The Basic GLS method has negative weights and does not fair
as well when external comparisons are made.

In the summary and recommendations section, some further comments will be made about
how the Olkin GLS might be improved further, leading to still better results.
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Figure 9.3 Nonsectarian Special Education: Scatterplot matrix comparing original, basic, and Olkin
GLS weights

Original

60

40

20

y = 1.0218x
R2= 0.9755

20 40 60

Basic GLS

60

y = 0.9598x
R2= 0.9746

20

20 40 60

Olkin GLS

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94.
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Figure 9.4 Nonsectarian Special Education: Scatterplot matrix comparing estimated PSS, original,
Olkin GLS, and Basic GLS SASS totals by school size and community type from Table 9.3
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SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
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Table 9.3 - Nonsectarian Special Education: Estimates by school size and community type, PSS and
SASS compared

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part I - PSS total (1,079 schools)

1 - 149
School
Teacher
Student

496
4,267

23,409

482
4,675

25,424

177
1,624
8,159

1,155
10,566
56,992

School 26 36 10 . 73
150 - 299 Teacher 955 1,090 296 2,340

Student 5,331 6,613 1,928 13,872

School NA 2 NA 2
300 - 499 Teacher NA 100 NA 100

Student NA 727 NA 727
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 522 521 187 1,229

Total Teacher 5,222 5,864 1,920 13,006
Student 28,740 32,765 10,087 71,592

Part II - Original SASS total (165 schools)

1 - 149
School
Teacher
Student

382
3,044

16,765

583

5,325
29,495

137

1,387
6,872

1,101

9,757
53,132

School 55 101 8 164
150 - 299 Teacher 1,316 3,032 223 4,570

Student 10,575 18,406 1,384 30,365.

School NA 4 NA 4
300 - 499 Teacher NA 160 NA 160

Student NA 1,161 NA 1,161
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 436 688 144 1,268

Total Teacher 4,360 8,517 1,609 14,487
Student 27,340 49,062 8,256 84,659

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffmg Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 9.3 - Nonsectarian Special Education: Estimates by school size and community type, PSS and
SASS compared (cont'd)

School Size
Community Type

Total
Central City

Urban Fringe /
Large Town

Rural /
Small Town

Part III - Olkin GLS SASS total (165 schools)

1 - 149
School
Teacher
Student

394
3,229

17,386

608
5,642

30,838

142

1,540
7,220

1,144
10,410
55,444

School 26 53 4 83
150 - 299 Teacher 616 1,742 134 2,492

Student 4,916 9,717 758 15,391
School NA 2 NA 2

300 - 499 Teacher NA 104 NA 104
Student NA 756 NA 756
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 419 664 146 1,229

Total Teacher 3,845 7,488 1,673 13,006
Student 22,302 41,311 7,978 71,591

Part IV - Basic GLS SASS total (165 schools)

1 - 149
School
Teacher
Student

388
3,065

16,410

583
5,251

28,375

142
1,526
6,729

1,113

9,843
51,515

School 40 79 1 121
150 - 299 Teacher 936 2,394 46 3,375

Student 7,415 13,997 214 21,627
School NA -5 NA -5

300 - 499 Teacher NA -212 NA -212
Student NA -1,550 NA -1,550
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA
School 428 658 143 1,229

Total Teacher 4,001 7,433 1,572 13,006
Student 23,826 40,822 6,944 71,592

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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Table 9.4 - Nonsectarian Special Education: Estimates by school size and community type, PSS and
SASS compared in percent difference

School Size
Community Type Total

% diff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and original SASS totals

1 - 149
School
Teacher
Student

23.03
28.65
28.38

-21.00
-13.91
-16.01

22.84
14.60
15.77

4.63
7.66
6.77

School -107.77 -176.78 20.29 -125.34
150 - 299 Teacher -37.75 -178.25 24.69 -95.27

Student -98.36 -178.32 28.20 -118.89
School NA -59.03 NA -59.03

300 - 499 Teacher NA -60.66 NA -60.66
Student NA -59.58 NA -59.58
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA

School NA NA NA NA
750 + Teacher NA NA NA NA

Student NA NA NA NA

Total School 16.41 -32.08 22.71 -3.16
% diff Teacher 16.51 -45.24 16.16 -11.39
from PSS Student 4.87 -49.74 18.15 -18.25

Percent difference from PSS and Olkin GLS SASS totals

1 - 149
School
Teacher
Student

20.54
24.33
25.73

-26.28
-20.67
-21.30

19.74

5.19
11.51

0.88
1.48

2.72

School 3.07 -44.94 56.75 -13.89
150 - 299 Teacher 35.51 -59.89 54.83 -6.47

Student 7.79 -46.92 60.68 -10.95

School NA -3.52 NA -3.52
300 - 499 Teacher NA -4.66 NA -4.66

Student NA -3.97 NA -3.97
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA

Total School 19.66 -27.48 21.67 0.00
% diff Teacher 26.38 -27.69 12.83 0.00
from PSS Student 22.40 -26.09 20.91 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.

BEST COPY AVAILABLE
141 143



Table 9.4 - Nonsectarian Special Education: Estimates by school size and community type, PSS and
SASS compared in percent difference (cont'd)

School Size
Community Type Total

% d iff
from PSSCentral City

Urban Fringe /
Large Town

Rural /
Small Town

Percent difference from PSS and Basic GLS SASS totals

1 - 149
School
Teacher
Student

21.72
28.16
29.90

-21.09
-12.32
-11.61

19.81

6.01

17.53

3.56
6.85
9.61

School -51.67 -117.55 85.58 -66.46
150 - 299 Teacher 2.04 -119.68 84.45 -44.22

Student -39.10 -111.64 88.87 -55.90
School NA 313.66 NA 313.66

300 - 499 Teacher NA 312.41 NA 312.41
Student NA 313.03 NA 313.03
School NA NA NA NA

500 - 749 Teacher NA NA NA NA
Student NA NA NA NA
School NA NA NA NA

750 + Teacher NA NA NA NA
Student NA NA NA NA

Total School 18.01 -26.39 23.23 0.00
% duff Teacher 23.38 -26.74 18.09 0.00
from PSS Student 17.10 -24.59 31.16 0.00

SOURCE: U.S. Department of Education, NCES, Private School of Schools and Staffing Survey, 1993-94,
Private School Surveys, 1993-94. "NA" means that there were no observations in the table cell.
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4. SUMMARY AND RECOMMENDATIONS

In this section, there are some reflections on the experience, just documented, of employing
variants of a Generalized Least Squares (GLS) approach to two of NCES's most important surveys.
We begin with a restatement of the problem posed and the basic approach taken (Subsection 4.1).
A summary of the results obtained follows in some detail (Subsection 4.2). Next-there are two
subsections which make recommendations: Subsection 4.3 focuses on further efforts at GLS and
GLS-like estimation methods that might be tried. There are many interesting challenges here and the
opportunities for improvements appear considerable. Subsection 4.4 takes a different tack and looks
at a method called "mass imputation" which could also deserve study in a SASS setting.

4.1 PROBLEM RESTATEMENT AND BASIC APPROACH

This report has provided empirical results of attempts to achieve consistency between the
1993-94 Private School Survey (PSS) and the Private School Component of the 1993-94 Schools
and Staffing Survey (SASS). As the PSS is the basis for the SASS sampling frame, the PSS results,
on the whole, are likely to be the more accurate. Under these circumstances, it made sense to explore
whether the introduction of 1993-94 PSS totals into the 1993-94 SASS might lead to improvements.

Traditional post-stratification methods exist to employ auxiliary information at the estimation
stage in surveys. These, however, cannot be applied to SASS without modification, since
consistency was sought simultaneously in the numbers of schools, teachers, and students from these
two sources. This led us to employ various forms of Generalized Least Squares (GLS) estimation
to reweight the 1993-94 SASS. Two variants were looked at in the main: a Basic GLS procedure
(Burton 1989) and a method we have dubbed the Olkin GLS because it is a variant suggested by
011cin (1958) which arose originally in a different context.

As we have seen, for the private school population nine typologies exist which differentiate
schools by whether they are Catholic, Other Religious, or Nonsectarian. There is then a further
subdivision into three additional groups: Catholic (Diocesan, Diocesan, or Private); Other Religious
(Affiliated with a conservative Christian school association, Affiliated with national denomination
or other religious school association, or Unaffiliated); and Nonsectarian (Regular programs, Special
emphasis, or Special education). For each of these nine typologies, we separately attempted to
achieve intersurvey consistency. Sometimes this was straightforward; sometimes extremely difficult.

The complex nature of the PSS and SASS sample designs was considered in the approach
taken. Operational problems were documented; and independent comparisons were made to PSS
school size and community type information that was not used directly in the reweighting. Measures
of benefit and harm could be developed because of the comparisons possible. Extensive tabular,
graphical, and analytic material have been looked at in making the assessments required.

The summary of our results that follows is thus grounded in an extensive body of empirical
evidence for the 1993-94 SASS and PSS. The present work also builds directly on an earlier pilot
effort involving the 1991-92 PSS and the 1990-91 SASS which in many ways was almost as
extensive (See Li and Scheuren 1995).
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4.2 SUMMARY OF EMPIRICAL RESULTS

The summary given here is divided into three parts: a review of the Olkin GLS, a assessment
of the Basic GLS and a few concluding overall remarks.

4.2.1 011cin GLS Summary. As can be seen in table A, the operational assessment of the Olkin
GLS adjustment to SASS was judged to be good to excellent. In only one case, that for the
Other Unaffiliated typology was the evidence unclear. We consider this typology unclear
because the Olkin GLS did not work without a considerable amount of ad hoc tinkering (See
Subsection 3.6).

Table A.-- 011cin GLS Comparisons to Original Weighted SASS Data, By Typology

SASS Operational Independent
Typology Assessment Assessment

Catholic Parochial excellent good
Catholic Diocesan excellent fair
Catholic Private excellent good

Conservative Christian good fair
Other Affiliated excellent good
Other Unaffiliated unclear good

Non-sectarian Regular good good
Non-sectarian Special

Emphasis good good
Non-sectarian Special

Education good fair

Based on the independent assessment by community type and school size, the Olkin GLS
seemed to do no apparent harm and may have even been of benefit-- beyond the basic consistency
achieved with PSS. The comparisons made are to the original SASS weighted data.

The admittedly subjective conventions employed in table A were devised to separate
typologies by level of perceived difficulty or benefit. Operationally

typologies where a simple visual inspection was all that was needed
to remove outliers are labelled "excellent" in the operational
assessment column.

-- typologies labelled "good" were ones where an analytic (potentially
iterative) process was required to identify SASS cases that might best
be treated by imputation to similar PSS cases rather than being
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reweighted.

-- only the Other Unaffiliated typology is labelled "unclear." This was
done because, as noted earlier, constructing the Olkin GLS weights
was enormously difficult and required great patience and persistence.
(Parenthetically it may, also, have been the most instructive in terms
of learning more about how to employ the GLS.)

The independent assessment column was never coded "excellent" because, especially by
community type, the Olkin GLS was never best overall. Regularly, it did a "good" job,
usually by school size, but even here the performance was less than hoped. In three cases,
the Olkin GLS was judged only "fair." These were instances where very mixed results were
achieved: some estimates much improved, others quite negatively impacted.

4.2.2 Basic GLS Summary. -- Using the results of table B below, a summary of the Basic GLS is
given. Looking at the independent assessment by community type and school size, the Basic
GLS seemed to do little apparent harm and may have even been of benefit, beyond the basic
consistency achieved with PSS.

The subjective coding of the results in table B is based on a lower set of expectations for the
Basic GLS than for the Olkin GLS. Operationally

-- typologies identified as "good" were ones with no negative and no
more than a few small weights (i.e., weights less than one).

-- the typology identified as "fair' was so labelled because, while no
negative weights arose, there were a great many small weights (under
one).

-- typologies labelled "poor" were those having negative weights.

For the independent assessment column, a somewhat more liberal interpretation of "good"
and "fair" are given than was the case in discussing the Olkin GLS. Frankly, based on our
earlier pilot, there was a lower expectation. But, relative to this expectation, while the results
(as for the Olkin GLS) were never "excellent," they were often surprisingly good.

By "good" we meant that the Basic GLS reweighted SASS tracked the PSS quite well on an
overall basis, as judged by the regression results. To rate only a "fair," the Basic GLS had to
perform less well in the regressions than did the original SASS -- notably having an R2 value
indicating a greater degree of roughness in the PSS relationship.
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Table B. -- Basic GLS Comparisons to Original SASS Weighted Data, By Typology

SASS Operational Independent
Typology Assessment Assessment

Catholic Parochial good good
Catholic Diocesan poor good
Catholic Private good good

Conservative Christian poor fair
Other Affiliated fair good
Other Unaffiliated poor good

Non-sectarian Regular poor good
Non-sectarian Special

Emphasis good good
Non-sectarian Special

Education poor fair

4.2.3 Overall Summary. -- It may be instructive to look back on the summary made in the pilot
work done about a year ago (Li and Scheuren 1995). This has been done below. The
backward glance helps frame what was learned and what was confirmed. As will be seen,
there is a sense of real progress in some areas and grounds for optimism in others:

(1) In the initial attempt at GLS, it appeared that in under half of the typologies no or
minimal harm was done. Moreover, in some of the other typologies, the GLS adjustment
may have caused severe problems with many large schools having sizable negative weights.

With the new Olkin GLS approach taken, this is
no longer true.

(2) Earlier, a closer look at the cases where no apparent harm occurred revealed that these
were situations where almost no adjustment was needed to begin with. This made it
reasonable to assume that, for the application of the Basic GLS to the 1993-94 SASS, fair
to good results should be expected. After all, unlike in the test done for this report, both PSS
and SASS were collected for the same school .year.

This expectation has largely been borne out,
although the negative weight problem persisted for
some typologies for the Basic GLS.
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(3) Only a few experiments were tried in the pilot to handle negative weights. These have
been continued here. There are, however, a number of methods to dampen the effects of
negative weights or even eliminate them that seem practical (e.g., Huang 1978).

Since then still others have become known (e.g.,
Brewer 1994). More research is needed in this area
as discussed in section 4.3 below.

(4) The experience gained in compiling operational statistics on the workings of the GLS
adjustments was instructive. Only some of these variables may need to be tracked, though,
since they so frequently gave the same "bottom line."

For the current report, the statistics used to track
operational performance were cut back
successfully. However, there was in one case an
addition to the performance measures a
cumulative weight distribution comparison.

(5) Independently assessing the GLS reweighting proved particularly instructive (in the pilot)
and allowed both bias and variance effects to be looked at -- i.e., among the most natural
benefit and harm measures. Using this additional information in the adjustment would
perhaps have improved results; but retaining at least some outside data for evaluation seemed
essential too.

The employment in the current report of school
size information in the adjustment was a result of
this observation. Community type data was added
too, so as to retain a completely independent
comparison.

(6) The use of a modified GLS reweighting, even when it is beneficial, does not make much
of a positive difference beyond achieving consistency with PSS. Other methods, done
separately or in combination with GLS, appear needed in order to take full advantage of the
opportunity that having PSS and SASS fielded for the same year offers.

Here the Olkin GLS was introduced as a partial
answer plus the separate treatment, through
imputation of the largest schools. Still the positive
benefits were often disappointing.

More was hoped in last year's report than has been delivered. Part of the problem is that
expectations were misplaced. After all, why should introducing just three totals from PSS make a
big improvement into SASS. Conversely, why should such a seemingly small change sometimes be
so hard?
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4.3 RECOMMENDATIONS FOR FURTHER REWEIGHTING RESEARCH

Some recommendations are implied in the summary discussion given above for future
research on reweighting SASS. As will be seen, many of these are quite concrete -- others are more
conjectural or of a basic research nature.

An overriding concern is that, even with what might be characterized as considerable
experience, it is hard to predict when the GLS estimator will perform well and when it will not.
Theoretical and computational developments continue (e.g., Kott 1996) with GLS estimators,so any
suggestions made here should be taken as no more than tentative. Practice has been expanding
considerably as well (e.g., Jayasuriya and Valliant 1995).

Recommendation 1

Except for special circumstances, the Basic GLS approach should
not be relied on alone in SASS.

Based on our experiences, the Basic GLS is expected to work well only in typologies where
the SASS and PSS samples are close to begin with and none of the original SASS weights were
small. If all the totals are off by about the same percentage, then GLS degenerates to essentially a
univariate post-stratification procedure and the usual "rules of thumb" apply. In univariate raking
ratio estimation, one such "rule" is to have about 20 to 25 observations per dimension being
constrained (e.g., Oh and Scheuren 1978). In the SASS application, this means that we would need
3X20 = 60 cases in each group for which GLS reweighting was to be attempted. Naturally, if the
three totals in SASS differ from PSS in quite different degrees and especially if they differ in
different directions, then a more conservative "rule" is plausible -- albeit, as yet, unproven.

Recommendation 2

Further work might profitably be done on the Olkin GLS, especially
on the theoretical relationship which would appear to connect
Olkin's original ideas from 1958 with the new work continuingon
GLS.

Operationally, the Olkin GLS could have been more aggressively pursued by using smaller
sized groups (say, with only 60 to 100 or so schools each, as eventually occurred for the Other
Unaffiliated typology). Clearly, too, the groups should have been better chosen so as to conform with
the publication plans for SASS. Implementing this recommendation mightnot be difficult given the
approach taken here. Theoretical work is needed on GLS, especially in connecting it better to the
insights Olkin has nearly 40 years ago; however, this might not be a priority for NCES. A wait and
see approach could work quite well, since so much is being done elsewhere.
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Recommendation 3

The Olkin adjustment might be used alone, without the GLS.

This suggestion is made because the process is quite easy and for 1993-94 no harmwas done
in most cases. This takes advantage of the univariate portion of the GLS estimation, which in many
cases was of benefit and very low cost. Certainly no negative weights are possible. The potential for
benefits are considerable too, especially if done in moderate sized groupings (as suggested in
Recommendation 2 above).

Recommendation 4

Methods for variance estimation need exploration. While the
general GLS approach is well covered in the literature, an efficient
method has to be programmed and tested in the SASS environment

Of course, concerns exist, too, about the impact on variance and variance estimation of the
various ad hoc adaptations needed to keep the weights reasonable. We have found for the private
school population and the existing SASS design that negative weights occur frequently enough to
question whether the asymptotic variance formulas can be used with safety. A bootstrapping
approach makes sense here, if the computational costs can be borne.

Recommendation 5

Some improvements in SASS and PSS processing may be a
consequence of the study of GLS applications. One of those that
has arisen so far is the clear possibility (see Holt et a11994) that
SASS edit checking could be enhanced if GLS estimation is
attempted.

A subtler concern is the treatment in SASS of the very largest schools, when these become
nonrespondents. Here perhaps an imputation rather than a reweighting approachmay be preferred --
using, say, the PSS data as a starting point (e.g., Kovar et al 1994, Scheuren et al 1996).

Among schools above a given size imputation might have more benefit in reducing SASS
mean square error than GLS. This was assumed by us as the way we would treat "outliers." Much
more could be done, though, especially on where to place the boundary between where weights are
used and where an imputation is employed. This recommendation is expanded on further in the next
subsection where "mass imputation" is covered.



Recommendation 6

There is a real need to look at the sample design in SASS and see
if it is partially responsible for the performance problems that GLS,
in its various forms has had

At present, SASS is a stratified sample where a function of the number of teachers is the
principle design variable. Schools that are far from the average student/teacher ratio in their typology
can contribute greatly to the variances for student charactersitics since enrollment size is not directly
controlled for in the design. As has been seen, it is these schools that are more likely to receive
negative weights. A design, where both teachers and students are stratifiers could reduce the
variability on the student enrollment enough so that negative weights from this cause became
infrequent, especially when combined with some of the other suggestions being made.

Another sample design issue has to do with the continuing use of an area frame for SASS.
Instead of having both an area frame in SASS and PSS, there might only be one in PSS. To obtain
the SASS estimate, the starting point might be the list frame portion of the PSS adjusted for
undercoverage (e.g., Causey, Bailey, and Hoy 1996); then projected so the PSS totals could be used
as controls for SASS. In any event, discontinuing the area component of SASS seems something to
look at (as discussed in Scheuren et al 1996). If it is not discontinued, then among the issues to
consider is whether to jointly determine the estimate from PSS and SASS for the area portion of the
private school universe. A combined area estimate might be a worthwhile improvement for both
surveys.

Recommendation 7

There is a real need to explore other adjustments to SASS so as to
capitalize on the richness of the companion PSS, whether or not
fielded for the same year.

The use of alternative GLS estimators as in Devine et al (1993) could warrant examination.
This is not seen as likely to improve much on the modified GLS approach suggested by
Burton(1989); but, especially in combination with other ideas listed above, could be tested. (See
Kaufman and Scheuren 1996 for a number of other estimation possibilities).

4.4 RECOMMENDATION FOR MASS IMPUTATION RESEARCH

In this subsection, the conduct of mass imputation research is examined in a SASS context
as a possible alternative to some form of GLS. To begin the discussion, it might be worth providing
some background on how our research on intersurvey consistency led to the notion that a "mass
imputation" approach might be worth considering. The literature on mass imputation is then
summarized -- with the promised recommendations for SASS and PSS and some "What Nexts"
concluding the presentation.

4.4.1 Background and Definition . In this report, as part of our implementation of GLS, we have
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set aside a small number of observations that were thought to be "outliers". This was done
to reduce the chance of getting negative weights or weights less than one. The number of
outliers was small for each typology and confined almost entirely to the very largest schools.

Implicit in setting aside these SASS schools was the notion that we would impute them to
the PSS rather than try to reweight them. To start this process we would give the SASS
outliers their PSS weights. Essentially, except for nonresponse and coverage adjustments,
this means they would just be self-representing, since their corresponding PSS weights were
only slightly larger than one. The remaining PSS outliers could then be added to SASS after
first imputing to them non-PSS data from a similar SASS observation. Employing some
form of the well known "Hot Deck" might be one way to do this, for example. Adjustments
might be needed to make the imputed SASS data consistent with the existing PSS
information. The PSS information, would, however, not be altered.

Based on our 1994 research (Li and Scheuren 1995) we were convinced that a pure GLS
reweighting strategy would not work. This was what lead us to suggest a mixed strategy
where reweighting was still employed but perhaps an imputation approach was used for a
handful of "outliers."

At some point, the question was asked: Why not do more than just a few imputations? In fact
why not impute the entire SASS file to the PSS, in order to take full advantage of the
opportunity that having PSS and SASS fielded for the same year offered? In other words,
why not do "mass imputation"?

Mass imputation, now roughly 20 years old (Colledge et al. 1978), is really quite
straightforward in concept. The technique imputes records from a survey back to the
sampling frame; and, in a sense, operates in making estimates as if there had been a census.
Mass imputation of sample survey data to a complete population file has been shown to work
in some Canadian applications (e.g., Whitridge, Bureau and Kovar 1990; Kovar and
Whitridge 1995). Moreover, when efficiently done, the costs of mass imputation appear only
moderately larger than weighting.

Historically, the concern was at the analysis stage. For mass imputation to make sense, cheap
computing is needed because the whole population has to be processed. Given this last
observation, it is not surprising that the Canadians, with a population about 1/10th that of the
U.S., were pioneers in this method.

4.4.2 Mass Imputation and Reweighting. In Kovar and Whitridge (1995), there is an excellent
discussion of mass imputation. Among other things, they comment on the parallels that can
exist between weighting and imputation. They call attention to the work of Folsom (1981)
in this connection. Oh and Scheuren (1983) may be another useful reference. Evidence that
imputation model sensitivity can be a serious problem exists, as they point out -- citing Cox
and Cohen (1985), among others.
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While the asymptotic properties of GLS and GLS-like estimators are known to be attractive,
as has been seen, their finite sampling properties are not necessarily desirable. Could a mass
imputation approach share the same asymptotic properties as GLS and behave better in small
samples? Certainly operational concerns with GLS procedures about small or negative
weights disappear. Exactly how difficult the mass imputation procedure would be to
implement in SASS is unknown; but the challenge does not seem to be daunting.

The approach would be to give all the SASS cases their PSS weights (as was done just for
outliers earlier), then for PSS cases not in SASS, a SASS case similar to it would be used to
impute the SASS information. At the end, the PSS weights would remain unchanged but
every PSS record would have appended to it either its own SASS data or imputed SASS data
taken from another case. No reweighting would be needed. Because all the PSS data
(including the PSS weights) would be used unaltered, the PSS totals (for schools, teachers,
and students) would be "hit" exactly -- "solving" the problem by imputation that we
originally set out to resolve by the GLS reweighting.

Of course, it should be noted, that, as with GLS-like estimators, the effect on SASS estimates
not also available from PSS is unknown (and potentially could be harmful in some cases).
Additionally, difficulties exist in calculating variances and covariances when using mass
imputation. In Clogg et al (1991), mass imputation was employed with variances being
estimated based on the theory underlying multiple imputation (Rubin 1987, 1996). For
Hinkins and Scheuren (1986), where mass imputation was applied, variances were not
calculated but a multiple imputation approach to their estimation was advocated. In another
application, by Wong and Ho (1991), bootstrapping was employed successfully to calculate
variances. We think a form of bootstrapping might be the best approach in SASS. The paper
by Kaufman (1996) presents related work.

4.4.3 A Specific Proposal. -- An experiment attempting mass imputation in SASS definitely needs
consideration. Suppose that mass imputation were to be conducted as part of an overall
change in SASS estimation. How would it be done? Suppose, for the sake of discussion, that
PSS and SASS were both conducted in the same year, as was true for 1993-94. What would
the steps be? We will sketch these broadly. (See Kaufman and Scheuren 1996 for more
details.)

Take a specific typology, "Other Religious Unaffiliated" Schools. As was seen earlier, there
were 329 schools in the SASS sample with this designation. In the corresponding PSS for
the same period, there were 3,193 such schools. The original SASS estimate of students in
other religious unaffiliated schools was 462,934. From PSS, the estimate was 37,578 smaller-
- at 425,356 students. Figure 6.5, discussed previously, compares cumulative PSS and SASS
weighted survey observations by student enrollment for six school sizes separately. An Olidn
GLS reweighting approach was taken to this problem to "solve it." However, as noted, there
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was some concern as to whether enough had been done to use the PSS data to improve
SASS. Also, there was an uncomfortable degree of ad hoc tinkering.

If number of students was the major predictive variable, a sensible mass imputation method
that could be applied would be to simply impute the SASS records to nearby PSS cases
where nearness is defined simply by student enrollment. For parts of the distribution where
the SASS sample is sparse, the SASS observation could be used over and over as a donor
perhaps up to, say, 1.5 times its original SASS weight. Conversely, in parts of the
distribution where there were lots of SASS cases relative to those in the PSS, the SASS cases
would be used as donors less often than their original SASS weights would suggest, maybe
only half as much.

The imputation or weight range, from about one half to about one and a half, is clearly
arbitrary and depends on how much of a potential variance price one is willing to pay to get
the "nearness" desired. In many weighting settings -- e.g., Oh and Scheuren (1987), however,
these weight truncating factors seem to work well.

It may be useful to think of choosing a mass imputation approach after successively imputing
SASS to each of the PSS variables separately. This way it would be possible to look at how
often each SASS observation was used as a donor. If this range of donor use is not too large,
then a single, perhaps nearest neighbor, imputation model might work well. Widely
discrepant values in terms of donor use would suggest that the imputation is sensitive to one's
beliefs as to the predictive power of the variables being used in the imputation. In such
settings a case can be made for doing several different imputations that might be made
available to the final users for possibly different uses.

4.4.4 What Next? The estimation problems tackled in this report are part of a larger set of issues
for SASS as it evolves in a world where tight budgets may lead to less frequent large-scale
surveys. SASS, for example, has already been shifted from a three-year to a five-year cycle.
The groundwork for a complete rethinking of SASS has already been developed by numerous
research efforts such as this (best summarized in a regular working paper series put together
from papers given at professional meetings). The real priority is to put these efforts together
into a larger redesign effort. While beyond the scope of the current report, it may be worth
noting that some brainstorming has been done in this area (Scheuren, F., 1996a, 1996b).
More is clearly needed. Most of the scenarios looked at so far, though, suggest that mass
imputation be given serious study.
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6. APPENDIX
ILLUSTRATIONS OF ALTERNATIVE APPROACHES

As noted, generalized least squares estimators can have many forms. This is true even within the
specialized set of constraints that are to be imposed on the SASS. Three alternatives are illustrated
here: The modified GLS that is one of the methods featured in the main body of this report, the Olkin
version of the modified GLS (our current preference), and an alternative that initially offered
promise, based on dividing SASS at the median for both students and separately for teachers. All of
these are illustrated below.

To fix ideas, consider the following "toy" example that may help illustrate the differences
between methods. First, suppose a SASS subgroup has ten observations; and even though this is
probably too small, the methods discussed here are to be applied. Second, the observations appear
below as column vectors where the components:

wi

ti

si

correspond to schools, teachers, and students respectively. In particular, the SASS dataare

1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10
1 6 2 7 3 8 4 9 5 10

Aggregating the three SASS components yields:

Zwi w. 10
Et; = t. = 55
Es; s. 55

Third, suppose the PSS totals for this subgroup are:

N 10
50
50

Notice, the SASS school total has already been set equal to that in the PSS. This has been done
so that the example starts where a standard SASS estimation procedure might end.

Modified GLS Method. -- For the "modified GLS" the elements of the matrix M and the vector d
need to be obtained. It is immediate that ci is:
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I

I

I

10 - 10 = 0
50 - 55 = -5
50 55 = -5

For the matrix M, after some calculation, the values are:

10 55 55

55 385 355

55 355 385

For the inverse of M-1, the values turn out to be:

.5481 -.0407 -.0407

-.0407 .0204 -.0130

-.0407 -.0130 0.0204

Thus, solving

X = M-1d

the vector is 1' = (.4074, -.0370, -.0370) and the modified GLS weights are of the form:

= w; + .4074 - .0370; - .0370s;

Olkin GLS Method. -- The Olkin GLS Method is a slight variation on the modified GLS.
Instead of just solving the matrix equation A = M-1d, as above, an overall weighted ratio
adjustment r is made to the data first, such that the equality

r(a; Rlw. + a2R2t + a3R3s) = S

holds, where --

the lower case Roman letters w., t., and s. are the sample (SASS) estimates and
B

the upper case Roman letters N, T, and S are the target (PSS) values to be attained.

The R's are the target ratios

I Rl = S/N
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R2 = S/T

R3 = SiS

and the a's are nonnegative and such that they add to one. In the present report, the a's have all
been taken to be 1/3.

As discussed elsewhere, the "r" adjustment has the effect of making a weighted convex
combination of the di's equal to zero. Intuitively, this was expected to reduce the number of
negative weights; and, when done separately within subclasses, to achieve some of the usual
benefits of post-stratification.

In the current illustration, the

Hence,

RI = S/N = 50/10 = 5

R2 = S/T = 50/50 = 1

R3 = S/S = 50/50 = 1.

r = 50/(1/3)( 50 + 55 + 55) = .9375.

This adjustment is then applied to the sample data before the matrix equation is solved.

Median GLS Method. -- To carry out this method, begin by dividing the SASS observations at
the median value of the teachers ti and then divide the SASS cases yet again at the median of the
students si. Four groups are thus formed:

ti, Si both below median ti above median; si below

ti below median; si above ti and Si both above

An adjustment algorithm is developed by applying the intuitive idea that if SASS student
estimates are, say, too small, then there are not enough large schools in the sample and thus those
above the median should be reweighted up, by say (1+(3).

To keep the number of schools fixed, an equal but opposite adjustment (1-p) is required
for those schools below the median number of students. Similar considerations apply to an
upward (downward) adjustment of (1+a) for SASS teacher estimates.

Unlike the modified GLS and Olkin GLS methods in the main report, this "median GLS"
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is iterative and requires repeated application of the adjustment process: first to the student totals,
then to the teacher totals and so on. Each adjustment is to be made to the new cell totals derived
from the previous adjustment(s).

To fix the specifics here, a detailed illustration is given using the same illustrative data
as earlier:

1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10
1 6 2 7 3 8 4 9 5 10

Aggregating the three SASS components yields:

10
55
55

Now suppose the PSS totals for this subgroup are:

10
50
50

Notice, the SASS school total has already been set equal to that in the PSS. This has been
done, as earlier noted, so that the example starts where a standard SASS estimation procedure
might end.

In carrying out the "median GLS" method, the data are divided at the median for both
teachers and schools. When this is done, the resulting data are arrayed as:

0

1 1 1 1 1

7 9 6 8 10

4 5 8 9 10

1 1 1 1 1

1 3 5 2 4

1 2 3 6 7

The corresponding cell totals are

161

165



2 3

16 24

9 27

3 2

9 6

6 13

To bring the second SASS component in line with the second PSS componentan adjustment of
the form:

2 3

(1+a)16 (1+a)24
9 27

3 3

(1+a)9 (1+a)6
6 13

is made. Solving for a,

a = 50-(16+24+9+6) -1/5.
(16+24)-(9+6)

Substituting this value for alpha yields the following new cell totals

1.6 2.4
12.8 19.2
7.2 21.6
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3.6 2.4
10.8 7.2
7.2 15.6

and the corresponding overall totals have become

10.0
50.0
51.1

To bring the third (student) SASS component in line with the hypothetical PSS total, the
adjustment proceeds this time by columns where:

1.6 2.4
(1+(3) 12.8 (1-(3) 19.2

7.2 21.6

3.6 2.4
(1+(3) 10.8 (1-n) 7.2

7.2 15.6

Solving for 13 the expression obtained is

P = 50-(21.6+15.6+7.2+7.2)
(21.6+15.6)-(7.2+7.2)

= -1.5/22.8 = -0.066.

After the adjustment, the new overall totals have become

10.2
49.8
50.0

The school totals are slightly out of balance and themselves may need adjustment; notice,
too, that the teacher totals are off a bit but the gap is still smaller than the gap for students that
was just removed. Continuing to cycle here would eventually yield SASS estimates that agreed
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to whatever closeness was desired with their corresponding PSS counterparts.

What then are the impacts on the weights, assuming the iteration was stopped at this
point? The adjustments are

(1+a)(1-13) = (0.800)(1.066) = 0.853

(1+a)(1-13) = (0.800)(0.934) = 0.750

(1-a)(1+13) = (1.200)(1.066) = 1.280

(1-a)(1 -0) = (1.200)(0.934) = 1.120

As noted earlier, one measure of the weight variation caused by imposing these
constraints is to calculate the average sum of squared weights. In this case, that sum turns out to
be approximately

Modified GLS = 10.38

Median GLS = 10.56

or not a lot greater than the sum of the unadjusted squared weights (at 10.00). In other words,
there is not much to choose from here between the two methods.

Further Considerations.-- The median GLS method just described was tried on two of the
typologies in the SASS private school component (Li and Scheuren 1995). For the first of these,
the Catholic Private component, the technique worked reasonably satisfactorily but for the
second typology, the Non-sectarian Special Emphasis component, the algorithm did not
converge. Apparently when negative weights arise in the modified GLS (used in the main body
of this report) the median GLS may not converge due to the inconsistency. Because of this
experience the approach was abandoned.
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