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School Effects Indices: Stability of One- and Two-Level Formulations

Introduction

School effect indices (SEIs) are generally defined as differences between the school’s actual
mean performance and the school’s expected mean performance based on the achievement of other
schools with similar levels of student and school characteristics. At least three methods of
formulating SEI have been proposed: studentized residuals computed by ordinary least squares
(OLS) estimates (Mandeville & Anderson, 1987), studentized residuals computed by weighted least
squares (WLS) estimates (Schafer, 1996), and HLM (Bryk & Raudenbush, 1992). The first two
methods are one-level approachs in contrast to the two-level approach using Hierarchical Linear

Modeling (HLM).

This study was designed to evaluate the comparative stability and agreement of these three
approaches to calculating school effects given both student-level and school-level data. The stability
of results produced by the three methods were judged in terms of their consistency across three
different forms of similar tests administered to randomly equivalent groups within schools within

grade level and across grade levels.

Theoretical Framework
It is recognized that characteristics of students and characteristics of schools may undermine
the fairness of judging all schools on the same basis. Therefore, users of measures of school
effectiveness have sought to take into account individual student characteristics such as prior

achievement, ethnicity, and socioeconomic status (SES) as well as characteristics at the school level



such as percentage of minority students, mean SES, and mobility. Mandeville and Anderson (1987)
investigated the stability of school effects of South Carolina elementary schools where SEIs were
defined as “studentized” residuals from the regression of students’ achievement test scores onto
earlier test performance and a measure of SES. They found the SEIs to be moderately stable across
subject areas, but the SEIs reflecting the performance of students at different grade levels correlated
only weakly, all less than 0.2. However, Schafer (1996) found cross-grade studentized residuals to
be markedly larger than those of Mandeville (1988), when a similar method was used to measure
Maryland school effects. Using residuals based on weighted least-squares regressions, the inter-
grade correlations of SEIs ranged from .33 to .55.

Hierarchical linear modeling (Bryk & Raudenbush, 1992) is another prominent method of
measuring student achievement by allowing for the investigation and possible control of various
school-level factors that may otherwise confound such growth. Often educational effectiveness
researchers (e.g., Phillips & Adcock, 1997; Webster & Mendro, 1997) employ two-level HLMs
which control student variables at the first level, and school factors at the second level.

These procedures all provide indices that can be used to assess school effects. However, no
direct comparison of them has been performed. The purpose of the present study is to evaluate the
stability of these three indices, both across grades and across different samples of students within
schools.

Method

Analyses were conducted using third.and fifth grade data of the 1998 Maryland School
Performance Assessment Program (MSPAP) that examines elementary schools in grades three, five,
and eight in the areas of reading, writing, language usage, mathematics, science, and social studies.
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MSPAP (Yen & Ferrara, 1996) is comprised of three test forms per grade. Each form is referred
to as a cluster; forms are non-parallel test forms because content sub-areas are spiraled through them.
Students are randomly assigned to testing groups to ensure that the students assigned to take each
test form are equivalent in ability. During scaling and ¢luster equating process, three test forms are
scaled onto a common scale (Maryland State Department of Education, 1998). With no loss of
generality, testing clusters are also referred to as test forms in this paper.

Students’ mean scaled scores across the six content areas were used as the outcome variable.
For student level analyses, student characteristics including race, gender, English as a second
language (ESL) status, special education status, and free and reduced Iunch eligibility were used as
explanatory variables. For school level analyses, variables representing school characteristics of the
same set of variables plus school size were used in parallel ways in all three forms of SEI

calculations.

Schools and Data

The complete student records of all Maryland public elementary schools with students in
both third and fifth grade were obtained. Student-level and school-level data files were then
created, one for each grade and cluster, using a rigorous selection process in three phases.

Phase 1 involved editing the student records and producing student-level predictors.
Second semester students and students with incomplete test data were excluded. Four dummy
variables were created: FEM (female =1, male =0); WHT (white =1, African American =0);
BUY (receiving free/reduced price meal =0, paying full price meal =1); and REG (in Special

education/ESL =0, in regular program =1).



Phase II involved aggregating across student records to produce school aggregates. In order
to compare the stability of SEls across clusters, only schools with all three clusters were included.
Schools with less then 10 students were excluded. These data were eliminated because the means
may be too unstable to be analyzed. To avoid potential estimation problem, schools with little or
no variation with respect to the four predictors (FEM, WHT, BUY, and REG) were excluded. The
proportion of female (FEM%), whites (WHT%), students paying full price meal (BUY%), and in
regular programs (REG%) for each grade and cluster was first calculated. Schools were excluded
if any of the clusters contain proportions that were considered as extreme, outside the range of 1%
to 99%. This selection process resulted in the total of 286 schools in grade 3 and 267 schools in
grade 5 out of the 886 elementary schools with grades 3 and 5. The total number of students
includ_ed was 23,461 for grade 3 and 21,226 for grade 5. At the end of this phase, the student records
underwent a second run of editing and school level files were then generated from the student level
files.

Phase III involved computing student mean MSPAP score by taking the average of six
MSPAP content area scale scores for each student. Students who received certain accommodations
during testing did not receive a test score. Since excluding these students would exclude many
special education, and ESL students; the lowest possible scale score for the content area was
substituted for these students (Maryland State Department of Education, 1998). Missing test scores
of non-accommodated students due to absences were replaced by the statewide mean.

Table I presents the distribution the ﬁ{/e school-level predictors (FEM%, WHT%, BUY %,
REG%, and SIZE-cluster size) and criterion variable (ACHV) by cluster and by grade. The
correlation between the criterion variable and each of the five school-level predictors are presented
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in the last column (labeled ‘correlation’). The inter-correlations among the five school-level

predictors across clusters are reported in Table 2 for grades 3 and 5.




Table 1. Distribution of School-Level Variables

Grade Cluster/Form  N! Variable Minimum Maximum Mean Std Dev Correlation®
3 A 286 ACHV 465.08 561.30 514.81 17.89
WHT% 2.50 98.20 63.58 26.34 0.48
FEM% 23.50 80.00 48.03 10.10 0.04
BUY% 480 9750 6681 2138 0.53
REG% 40.00 97.60 83.46 10.75 0.15
SIZE 8 93 26.99 12.05 -0.01
B 286 ACHV 454.45 573.77 516.55 19.29
WHT% 2.50 97.90 63.69 26.74 0.53
FEM% 6.30 86.70 - 49.51 10.91 0.07
BUY% 4.20 97.90 65.25 22.06 0.56
REG% 47.60 97.90 84.12 9.41 0.19
SIZE 8 79 26.05 11.80 -0.04
C 286 ACHV 453.81 586.59 515.62 18.44
WHT% 2.00 97.90 62.41 25.94 0.50
FEM% 13.00 80.00 50.00 10.13 0.03
BUY% 2.70 97.40 65.62 21.72 0.61
REG% 33.30 97.60 84.25 9.29 0.17
SIZE 10 92 28.99 12.18 0.05
S A 267 ACHV 454.87 562.27 517.10 19.69
WHT% 2.10 97.80 63.54 24.99 0.51
FEM% 13.30 88.90 48.57 10.42 0.13
BUY% 4.30 97.90 67.27 20.09 0.69
REG% 30.80 97.60 82.49 11.67 0.36
SIZE 7 " 90 29.28 14.28 -0.01
B 267 ACHV 446.89 561.29 515.98 21.08
WHT% 2.90 98.00 65.28 24.54 0.50
FEM% 16.70 83.30 47.94 11.29 0.09
BUY% 4.50 97.70 68.77 21.13 0.65
REG% 22.20 98.60 80.38 12.36 0.46
SIZE 6 111 25.14 12.95 -0.02
C 267 ACHV 458.20 572.96 517.66 19.39
WHT% 2.80 98.00 64.60 24.70 0.53
FEM% - 20.00 85.70 49.75 10.68 0.1
BUY% 4.30 97.60 68.09 20.76 0.67
REG% 33.30 98.10 82.97 11.05 0.26
SIZE 7 114 25.07 12.01 0.11

Note: 'Total Number of Schools. Note: *correlation between ACHV and predictors.
ACHV: Mean MSPAP score
WHT%: Percentage of white students
FEM%: Percentage of female students
BUY%: Percentage of students paying full lunch price
REG%: Percentage of students in regular program

Q SIZE: cluster size




Table 2. Correlations Among School-Level Predictors

Grade 3 (n=284)

FEM% REG% WHT% BUY% SIZE
FEM% 1.00 0.08 -0.05 -0.04 0.00
REG% 0.08 1.00 0.01 0.20 0.19
WHT% -0.05 0.01 1.00 0.63 0.16
BUY% -0.04 0.20 0.63 1.00 0.22
SIZE 0.00 0.19 0.16 0.22 1.00

Grade 5 (n=267)

FEM% REG% WHT% BUY% SIZE
FEM% 1.00 0.20 -0.03 0.05 0.03
REG% 0.20 1.00 0.08 0.26 0.26
WHT% -0.03 0.08 1.00 0.57 0.12
BUY% 0.05 0.26 0.57 1.00 0.17
SIZE 0.03 0.26 0.12 0.17 1.00

FEM%: Percentage of female students

REG%: Percentage of students in regular program
WHT%: Percentage of white students

BUY%: Percentage of students paying full price meal
SIZE: School size




One-Level SEI methods

For the one-level SEI methods (Mandeville, 1987; Schafer, 1996), school-level mean
MSPAP scores (ACHV) were regressed on five school-level explanatory variables: FEM%, WHT%,
BUY%, REG%, and SIZE. The regression was done twice for each cluster for each grade Tevel.
One regression was based on the ordinary least square (OLS) estimation method while the other used
weighted least square (WLS) where the weights were reciprocals of the criterion sampling variance
(the square of the standard error of the mean) for each school. Since school means are more reliable
for larger schools than smaller ones, WLS allows larger schools to have more contribution to the
estimates than smaller schools. The residuals from the regression analyses were divided by their
estimated standard errors to produce studentized residuals that served as the SEIs. These methods

resulted in two residuals for each school; one based on OLS estimation and one on WLS.

Two-Level HLM method

For the HLM approach, we considered a Level-1 model where student mean MSPAP score

(ACHYV) was regressed on four dummy-coded variables (FEM, WHT, BUY, and REG):

' 4
Yl.]. =ﬂo; +Zﬂqj(Xqij —Xq__)+rl-j ...................... )
q
Where

Yjj=MSPAP score for student i in school j,
Bj; = expected MSPAP score of student i whose Xg;; is equal to the grand mean, Xg-»
Byj = expected change in MSPAP score for a unit change in g, i.e., the expected differences

between X,=1 and X4=0 in school j, and
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rijj = residual for student  in school j.
At Level-2, B, j was regressed on school size (W ) and Byj was constrained to be the same fixed

value, Y, , for all schools:

Where

Yoo = expected MSPAP mean for schools whose W =W,

Yo1 = the relationship between the expected school mean By; and its school size,

Hoj = unique effect of school j on the average MSPAP score after controlling for school
size, and

Yq0 = fixed value of the slope By; across all schools.

Essentially, this is a random-intercept-model where the Level-1 intercept is assumed to vary

across the Level-2 units (schools) but the within school slopes are constrained to be the same across

schools (Phillips & Adcock, 1996). The unique effect of each school (L) after controlling for the

explanatory variables were used as the SEI (Phillips & Adcock, 1996; Bryk & Raudenbush, 1992).
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Results

The correlation coefficients of SEIs by grade and cluster are presented in Table 3. The three sub
matrices along the main diagonal of the table indicate the consistency of each method across clusters or test
forms. Since students are randomly assigned to forms within schools, these correlations’indicate the
consistency of SEI across three forms of similar tests administered to randomly equivalent groups within
schools. For grade 3, the correlations of SEI between pairs of clusters for HLM (.61, .60, and .61) were
slightly higher than those of other two methods (.57, .54, and .55 for WLS; .59, .54, and .55 for OLS).

The sub matrices on the off-diagonal of the table indicate the agreement among three methods for
a given form or between pairs of forms. To examine the agreement among methods for a given form, the
correlations among methods for the same form are compared. For grade 3, form A, for instance, the
correlation between HLM and WLS (.93) was slightly lower than those between HLM and OLS (.95) and
OLS and WLS (.97). Similar results were found when examining the agreément of three methods for form
B and C. Lastly, the agreement among methods between any pairs of forms can be compared. The
correlation between HLLM and WLS is very similar to those between HLM and OLS, and between OLS and
WLS, for all pairs of forms in grade 3. P&allel information for grade 5 is presented in the second part of

Table 3.
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Table 3. Intercorrelations among SEIs by Grade and Cluster

Grade 3 (n=284)

Method HLM WLS OLS
Cluster/Form A B C A B C A B C
A 1.00 0.61 0.60 0.93 0.57 054 095  0.57 0.55
HLM B 0.61 1.00 0.61 0.56 094 0.52 0.57  0.95 0.54
C 0.60 0.61 1.00 0.54 057 091 0.54 0.56 0.93
A 0.93 0.56 0.54 1.00 0.57 0.54 0.97 0.58 0.55
WLS B 0.57 0.94 0.57 0.57 1.00  0.55 0.57 0.97 0.55
C 0.54 0.52 091 054 -0.55 1.00 0.53 0.53 0.96
A 0.95 0.57 0.54 0.97 0.57 0.53 1.00 0.59 0.54
OLS B 0.57 0.95 0.56 0.58 097  0.53 0.59 1.00  0.55
C 0.55 0.54 0.93 0.55 0.56 0.96 0.54 0.55 1.00

Grade 5 (n=267)

Method HLM WLS OLS
Cluster/Form A B C A B C A B C

A 1.00 061  0.62 080 049 047 083 047 049
HLM B 061 1.00 059 046 086 048 046 088 0.1
C 062 059  1.00 - 044 045 0.88 047 044 090
A 080 046  0.44 1.00 051 044 096 049 045
WLS B 049 086 045 051 1.00 049 050 097 049
C 047 048  0.88 044 049  1.00 045 046  0.96
A 083 046  0.47 096 050  0.45 1.00 048 047
OLS B 047 0.88 044 049 097  0.46 048 1.00 047
C 049 051  0.90 045 049  0.96 047 047 1.00

HLM: Hierachical Linear Model

WLS: Weighted Least Square

OLS: Ordinary Least Square

Note: Students are randomly assigned to forms within schools

11
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To compare cross-grade consistency of SEIs, the average SEI across forms was computed
at each grade for each method for schools where both grades exists. There are 184 schools included
in this part of the analysis. The correlation coefficients of SEIs between grade 3 and 5 are presented
in Table 4 for each method. The between-grade correlation was .64 for HLM, .58 for WLS, and .57

for OLS.

Table 4. Correlations of SEI between Grades by Methd

Grade 3
Method HLM WLS OLS
HLM  0.64 0.53 0.53
Grade 5 WLS  0.57 0.58 0.56
OLS 0.58 0.57 0.57

Note: N=184

In order to investigate the predictability of school achievement with the studied models, the
squared correlations between each of the three school effects indices and the raw school achievement
means were evaluated for all three forms at each grade level (see Table 5). The result was
interpreted as the éxtent to which the model provides measures that are sensitive to absolute
achievement as opposed to achievement when variables in the predictor set are controlled. For
grade 3, the squared correlations for the HLM indices are the highest (in the .80’s), followed by OLS
indices (.60’s) and WLS indices (.50s). Similarly, the squared correlations for the HLM indices are

the highest (in the .80’s), followed by OLS indices (.40’s) and WLS indices (.30’s) for grade 5.
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Table 5. Squared Correlations between SEI and School Means

Method HLM WLS OLS
A B C A B C A B C
Grade 3 0.79 0.78 0.82 0.58 0.53 0.52 0.64 0.59 0.59
Grade 5 0.81 0.81 0.78 0.36 0.37 0.42 0.41 0.45 0.49
Note: N=184.

Summary and Discussion

This study evaluated the comparative stability and agreement of three approaches to
calculating school effects given both student-level and school-level data. The approaches were
hierarchical linear modeling (HLM), ordinary least squares (OLS) and weighted least squares
(WLS). A two-level model was used for computing HLM school effects where in Level-1, four
student-level predictors were used to predict student achievement; in Level-2, the school size was
used to predict the Level-1 intercept. The four Level-1 predictors were regular vs. special program;
white vs. non-white, female vs. male, and buy at full price vs. free or reduced price meals; the
school-level predictor of intercept (centered model) was test group size. The school effects measure
was the school-level error term in the intercept prediction equation.

The dependent achievement measure in OLS and WLS analyses was the average student
score across the six content areas in the assessment. In OLS, the same five variables were used as
predictors, but at the school level, only; school means were used for variables that were level-one
predictors in the HLM method. The same strategy was used for WLS except that the sampling
variance of the dependent variable was estimated for each school and used as the weighting variable.

For OLS and WLS, studentized residuals were used as the school effects measure.

13

15



Stability was studied by replicating the school effects measures across randomly equivalent
subgroups in schools where the subgroups were assessed on independent measures, called forms or
clusters, of the same achievement construct. The average intercorrelation among forms at third grade
was .61 for HLM, .56 for OLS, and .55 for WLS. The fifth grade intercorrelations were /61 for
HLM, .48 for WLS and .47 for OLS. The stability of the hierarchical method (HLM) was greater
than those for the school-level methods (OLS and WLS), with no clear difference between the latter
two.

Another aspect of stability was consistency of school effects between grades three and five.
For this analysis, the form differences were ignored and a single school effect was found at each
grade level. The between-grade stability for HLM was .64, for WLS it was .58, and for OLS it was
.57. This replicates the same pattern that was evident in the among-form stability results, with HLM
most stable.

Agreement was studied by comparing the intercorrelations among the methods. When forms
were the same, the agreement between OLS and WLS averaged .97, between HLM and OLS
averaged .91, and between HLM and WLS averaged .89. Each of these is the average of six
correlation coefficients, three at each grade level. The agreement between the two school-level
methods was greater than that between either school-level method and HLM.

When forms were different, the agreement correlations were smaller. The average
intercorrelation was .52 between OLS and WLS, and between HLM and OLS, and .51 between HLM
and WLS. Each of these is the average of 12 éorrelation coefficients, six at each grade level. When
different test forms are used for different students, there does not appear to be much difference

among the correlations across pairs of methods.
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Between-grade agreement was also studied. Again, there does not appear to be much
difference among the methods. The two correlations between OLS and WLS averaged .57, the
average of the two correlations between HLM and OLS was .56, and the two correlations between
HLM and WLS averaged .55. These correlations are more consistent with Schafer’s (1996) cross-
grade findings than they are with Mandeville’s (1988), where little stability was found. It is possible
that MSPAP, a locally developed statewide performance assessment, is more an assessment of a
school’s overall educational program than is the test used by Mandeville, which may have focused
on grade-specific curriculum objectives.

A simple school-level multiple regression equation usually generates a squared multiple
correlation (R”) between the criterion and the predictors. In this situation, the R? represents the
proportion of school mean achievement variance that may be explained by the five predictors. The
quantity (1 - R?) represents the squared correlation between the residuals and mean school
achievement. However, in all the procedures studied here, residuals from a simple regression
equation were never used. In both the OLS and WLS cases, the residuals were studentized before
use. In order to inyestigate the predictability of school achievement with the actual studied models,
the squared correlations between the three school effects indices and the raw school achievement
means were evaluated for all three forms at each grade level. The result was interpreted as the extent
to which the model provides measures that are sensitive to absolute achievement as opposed to
achievement when variables in the predictor set are controlled.

The six squared correlations for the HLM indices averaged .80; for OLS indices, the average

squared correlation was .53; and the average squared correlation for WLS indices was .46. Because
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they are not derived from multiple regression equations, none of these R? values may be interpreted

Aas representing a partitioning of between-school variance into portions due to and independent of

the predictor variables. Nevertheless, it may be reasonable to consider a smaller R? to represent a
greater ability to remove from between-school variance that portion explainable by the predictors.
The WLS method appears best able to remove predictor effects, followed by the OLS method, and
then the HLM method. However, the potential for the residuals to be correlated with the predictors
in each of the three methods compromises that conclusion. |

From a practical perspective, the results of this study suggest that, all other considerations
equal, the HLM approach should be used for school effects measures on the basis of stability.
Nevertheless, the use of either of the school-level models appears to be viable in the event that only
schoo}-level data are available. Both were almost as stable and did not differ much from the HLM
approach, with agreement correlations in the middle .80’s within forms and between-form agreement
correlations virtually as high as those between the two school-level models. The high agreement
between the two school-level models, with the average within-form intercorrelation of .97, suggests
that there is little difference between them based on the criteria in this study.

The greater stability of the HLM approach might be the result of greater precision in the
estimation of homogeneous regression coefficients in the school level models as opposed to the
estimation of regression coefficients in the between-school models. Except for the complicating
presence of the test group size as a level-2 predictor and the use of maximum likelihood estimation,
the HLM residuals are analogous to deviations of adjusted school means from the grand mean in an
analysis of covariance model. Adjustments to the school means are made using the within-group
equations, which are estimated using data from all students. They may be more stable than equations
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generated directly from school means. Especially for small schools, HLM method should produce
more stable measure of school effects. But that stability comes at the expense of an assumption that
the regressions are homogeneous. If that assumption is not valid, then the coefficients do not
estimate existing parameters. As in any analysis of covariance context, the presence of intefaction
between a covariate and a grouping variable threatens interpretation of adjusted means, particularly

when students are not randomly assigned to groups, as in typical school effects research.
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