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Proposals for national assessments of educational performance provide opportunities to develop
valuable social indicators, but they also pose important problems of methodology and interpre-
tation. Researchers in the U.S. have emphasized the importance of analyzing and reporting
indicator data at the school level, mainly because much of the variation in schooling outcomes is
at the school level, and because findings at this level are particularly relevant to policy and
practice. We do not refute this, but contend that indicator data should be analyzed and reported
also at state and district levels. We present an analysis of British data that shows there Ls important
variation at higher levels of the system, and that it is possible to examine whether this variation is
related to national or district-level policies. The article discusses the issues involved in conducting
analyses at higher levels. We identify three kinds of indicators: gross productivity, net produc-
tivity, and inequality. Our analysis indicates the degree of interdistrict variation in Great Britain
on all of these measures and the extent to which organizational features of the districts’ programs
help explain that variation. Recommendations are made regarding the necessary features of any
educational assessment if it is to produce useful social indicators.

Moves toward establishing a national assess-
ment of education are generated by many
forces. The current state of the economy and
the sense of a loss in international economic
competition have been important contribu-
tors in both Great Britain and the United
States. The shift from a manufacturing to a
service economy has exposed the limited
skills of many in the labor force, and the
educational system has been identified as the
source of those limitations. In Great Britain,
a major concern is the relatively small pro-
portion of 16- to 19-year-olds  who are in full-
time education or training’ (“Teenagers’
Charter,” 1991). In the United States, in-
vidious international comparisons of aca-
demic achievement have also contributed to
the sense of educational inadequacy. Not
only has the United States fallen back in in-
ternational economic competition, but the

evidence also has been increasingly clear that
American youth do not fare very well in
international comparisons of academic
achievement (McKnight  et al., 1987; Suter,
1988).

On March 31, 1994, President Clinton
signed into law the Goals 2000: Education
America Act. In his transmittal letter to Con-
gress, he stated, “This legislation strives to
support States, local communities, schools,
businesses and industry, and labor in rein-
venting our education system so that all
Americans can reach internationally compet-
itive standards, and our Nation can reach the
National Education Goals” (1993). The legis-
lation established in law the National Edu-
cation Goals Panel to build public support
for the eight National Education Goals, and
to monitor progress toward those goals. The
legislation also established a council to evalu-
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ate standards and assessment systems
submitted by state or professional groups.
The submission of plans to the council is vol-
untary.

When Goals 2000 was enacted, nearly
every state had some form of monitoring sys-
tem. Previous efforts to monitor educational
performance at the national level had in-
duced many states to develop their own state-
level monitoring systems (Selden, 1988). To
some extent this was a response by state-level
officials who were dissatisfied with the na-
tional system, particularly the state-by-state
comparisons made for the national “wall
chart” (Smith, 1988). The emphasis of as-
sessment at the state level has been to use
indicator data to make comparisons among
schools, or to diagnose discrepancies be-
tween the intended and achieved curriculum
(Porter, 1991; Richards, 1988). In South
Carolina statewide data have been used to
reward schools that are superior in student
achievement gains and in student and teacher
attendance (Richards & Sheu, 1992).

Researchers and district-level administra-
tors also have emphasized the importance of
analyzing and reporting data at the school
level. This emphasis can be attributed to at
least three factors. One is that analyses exam-
ining the effects of factors at higher levels of
the system, such as the effects of district ex-
penditures, have generally been unsuccessful
(e.g., see Hanushek, 1989). Another factor is
that school-site administrators in the United
States have a relatively high degree of auton-
omy (Meyer & Rowan, 1988),  and recent
reforms have emphasized further devolve-
ment to the local level. The third factor is that
researchers who have been discontent with
the input-output production function ap-
proach to the study of schooling have made a
convincing case that what matters most is
how teachers and school-site administrators
mobilize schooling resources in their particu-
lar context (e.g., Fullan,  1992; Hammersley,
1985; Hargreaves & Hopkins, 1991).

We do not decry this shift of emphasis to
the school level. However, we maintain that
district- and state-level analyses are impor-
tant also to the understanding of educational
policy and practice, and that researchers may
have dismissed too early the importance of
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effects at these higher levels. A number of
policies and practices at district and state
levels affect the distribution of student out-
comes. For example, school choice programs
are often implemented at the state or district
level, with consequences for schools that win
or lose pupils (Plank, Schiller,  Schneider, &
Coleman, 1992; Witte, 1992). Desegregation
programs and the associated litigation are
largely district matters. Levels of funding and
teachers’ salaries, which directly affect pupil-
teacher ratios, are generally determined by
state- or district-level policies.

The Goals 2000: Education America Act
uses the term community,  which could be
interpreted as meaning school community,
but there are good reasons to interpret it
more broadly. The first five of the National
Education Goals concern the educational
outcomes of all American children, and in
most respects they address the needs of what
Secretary of Education Riley called the
“neglected majority (the 75% who don’t go
on to a four-year college)” (U.S. Depart-
ment of Education, 1994, p. 1). And success
in achieving all eight of the goals requires that
all schools meet some minimum standard.
But if state or district assessment systems
emphasize comparisons among schools in
their outcomes, without attention to how
outcomes are distributed in communities de-
fined more broadly, they may encourage an
unhealthy competition amongst schools that
results in their competing for students and
teaching resources. So far as this is a zero-
sum game, with some schools’ gains balanced
by other schools’ losses, the assessment ef-
forts may be another factor that engenders
greater variation among schools in their out-
comes. If so, the assessment programs would
be counterproductive in enabling commu-
nities to achieve the National Education
Goals.

Our purpose here is to point to the need for
careful consideration of how data at higher
levels of the system are analyzed and re-
ported, and to present an example of the
kinds of social indicators that can be devel-
oped and the ways in which they can be used.
Specifically, we: (a) outline some of the kinds
of potentially valuable social indicators that
can be derived from a state or national assess-



ment, (b) demonstrate the different uses to
which indicators can be put and how mislead-
ing some indicators can be if used improp-
erly, (c) show how resource levels and the
organizational characteristics of districts
affect the assessment outcomes, and (d) de-
scribe the kinds of information needed if an
assessment is to be maximally useful.

Our analysis employs multilevel modeling,
a statistical technique that is appropriate for
analyzing data that describe hierarchical or-
ganizations. (See Bryk & Raudenbush, 1992,
and Goldstein, 1987, for a discussion of the
methods.) Our approach is not novel; earlier
research has demonstrated the need to ade-
quately control for students’ prior achieve-
ment (Boardman & Murnane, 1980; Lau,
1979) and to take into account the hierarchi-
cal structure of the data when estimating the
effects of schools (Raudenbush & Bryk,
1986). But despite the improvements in sta-
tistical methods, even states such as South
Carolina and California, which administer
two of the most comprehensive monitoring
programs, use statistical methods that do not
take account of the multilevel structure of the
data. These techniques lead to biased esti-
mates of the effects of schools (Raudenbush
& Bryk, 1989; Raudenbush & Willms, in
press). South Carolina’s system, for exam-
ple, classifies schools into “comparison
bands” based on the percentage of students
in the school that met the readiness standard
on a test of children’s cognitive ability, the
percentage of students who were eligible for
the free lunch program, and two indicators of
school resources (Richards & Sheu, 1992).
Schools are then compared within bands on
student and teacher attendance and on stu-
dents’ achievement scores adjusted statis-
tically for their previous year’s scores. The
California system is similar, except that its
banding system is more elaborate, and its
comparisons do not take account of students’
prior academic achievement (California De-
partment of Education, 1992; Fetler, 1989).
Because multilevel techniques are more com-
plicated than those typically used in state
assessment systems, a secondary purpose of
this article is to demonstrate their use in de-
veloping indicators following a step-by-step
approach, and to identify their advantages.

New Educational Indicators

We present an analysis of English and Welsh
data as a.means of highlighting some central
issues and of illustrating both the potential
value and possible inadequacies of some of
the indicators. The analysis makes clear how
important proper design and measurement
are to conducting a meaningful educational
assessment. We use data from the United
Kingdom because they are public, cover the
entire national system, and allow for the
development of district-level indicators that
include controls for prior academic achieve-
ment. Some state assessment systems, al-
though not maintained for public use, meet
the latter criteria. We expect, therefore, that
our example can be transferred easily to the
American context.

Assessment Criteria

The primary impetus to establishing mon-
itoring systems at all levels is the belief
that keeping score will directly or indirectly
generate increased efforts to improve the
educational system. National and statewide
assessments can serve at least three quite
different functions, however, and it is impor-
tant to distinguish among them. They have
very different educational and political impli-
cations, and they call for different kinds of
information.

At the broadest level, assessment at higher
levels provides the basis for a continuing re-
cord of progress if the procedure is kept in
place over time. This is the most obvious and
most frequently cited purpose. Assessment
data are also inevitably used to make com-
parisons among various subunits (states, dis-
tricts, schools), and such comparisons are
almost certain to affect administrative and
policy decisions. Finally, assessment pro-
vides the basis for evaluating the effective-
ness of particular kinds of educational
programs. Local districts (in both the United
States and Great Britain) operate with varied
arrangements, and the programs that charac-
terize the more effective districts are bound
to receive widespread attention.

But if, over time, interdistrict and pro-
grammatic comparisons are to be made, what
should be compared? What are the appropri-
ate assessment criteria? What do we mean by
an effective program ? If we seek improve-
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ment over time, how should we define
improvement?

Much of the discussion of assessment in
both the United States and Great Britain
implies that the answer is obvious, but it actu-
ally involves many complex issues, only some
of which can be dealt with in this article. We
will not attempt to deal with issues such as
the use of standardized tests versuS other
forms of assessment, or the political and so-
cial issues surrounding the use of perfor-
mance indicators. (See Willms, 1992, for a
broader discussion of these issues). Much of
the discussion of flaws in the American edu-
cational system reflects a concern about the
poor showing of American pupils in interna-
tional comparisons. Those comparisons are
based on pupils’ scores on standardized
achievement tests, and the goal for many is to
increase American pupil performance on
such tests. That may well be too narrow a
focus. A major theme in the literature on
social indicators is that the indicators we have
usually used are too narrowly concerned with
bottom-line variables (e.g., gross national
product) and not sufficiently concerned with
either the processes involved in generating
the bottom line or the subjective aspects of
social life (Land, 1983). Thus, in assessing
the “success” of our educational system we
might well want to include measures of such
things as curricular offerings, teacher quali-
fications, parent participation in school pro-
grams, pupil-teacher ratios, pupil assignment
practices, or the degree of pupil, teacher, and
parent satisfaction with the system. Such in-
dicators may help to explain why some
schools or districts perform better than
others, or assess the impact of state or district
reforms (Murnane, 1987). They can serve
also to describe the educational oppor-
tunities provided by schools, independent of
the amount of student learning (Porter,
1991). We also might want to broaden the
scope of our outcome measures to include
nonacademic outcomes such as self-esteem,
physical fitness, or the quality of school life.
Oakes (1989) suggests that a broader set of
indicators may influence educators to place
greater emphasis on the wider goals of
schooling.

Even if we limit our focus to measures of
pupil achievement, however, there are multi-
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ple possibilities. For instance, one current
debate is between those favoring perfor-
mance-based measures and those who favor
traditional achievement tests (Shepard,
1991; Wolf, Bixby, Glenn, & Gardner, 1991).
We will limit our focus to traditional mea-
sures of pupil achievement, but the discus-
sion and analysis that follow are relevant to
any of the kinds of social indicators that
might be produced by a national educational
assessment program.

It is clear that the impetus behind estab-
lishing a national educational assessment
mechanism in both the United States and
Great Britain is to generate efforts to im-
prove the educational system. Although not
all important social indicators are explicitly
normative in purpose or interpretation
(Land, 1983)) any social indicator generated
by an educational assessment program is al-
most cirtain  to have strong normative mean-
ing. The normative standard establishes an
external reference point against which all
units can be compared, and provides a basis
for saying that one unit is “better” than an-
other. For educational indicators related to
achievement, the standard is often the aver-
age for the nation or state, and a major index
of improvement is increased pupil achieve-
ment levels.

Even if the goal is to increase average pupil
test performance, however, that goal can be
achieved in at least three ways: by increasing
test scores at all levels, by increasing only
scores in the upper part of the range, or by
increasing only those in the bottom part of
the range. The first retains the current range
of performances whereas the second in-
creases the range and the third decreases it.
Would we consider all of those equally desir-
able “improvements”? An indicator based
solely on average scores, whatever the unit
involved (nation, state, or district), will fail to
make such distinctions.

Because there are bound to be differences
among districts in average performance at
the outset, one measure of success might be
to make districts more equal. However,
would that mean equal in actual test perfor-
mance or equal in the performance of pupils
with equal backgrounds and equal prior
achievement? If some districts are more ef-



fective in educating some kinds of pupils
(e.g., high-ability pupils) and others are
more effective in educating other kinds of
pupils (e.g., low-ability pupils), would one
measure of success be to move districts to
being equally effective in educating pupils of
all kinds?

Finally, if there is change in performance
levels across time, or if there are differences
in performance levels across units (states,
districts, schools), what significance should
we attribute to those differences? Is it part of
the assessment process to attempt to account
for such differences? If assessment is a nor-
mative process, isn’t it necessary not only to
identify the differences but also to find the
reasons for them? If the purpose of the as-
sessment is normative, won’t the identifica-
tion of “successful” structures and programs
contribute to system improvement?

One goal of this article is to demonstrate
that these questions are not simply academic,
and are not beyond the reach of what could
be accomplished with a national assessment.
We show that districts do vary in all of these
ways, and that such variation contributes to
the distribution of academic achievement.

We consider three basic kinds of indicators
that can be derived from a national educa-
tional assessment:2

1. Gross productivity.  This is the average
level of performance of pupils in a district, a
state, or the country. It is the measure most
often used in international comparisons, and
the one most often discussed in the political
arena. Gross productivity is important be-
cause it indicates actual levels of performance
at a given stage of schooling. However, it is
the least useful measure in internal analyses,
and can result in misleading conclusions.

2. Net productivity.  This is the average
level of performance of pupils in a district,
state, or the country, adjusted for their char-
acteristics on entry. The phrase on entry calls
attention to the fact that assessment criteria
must specify the part of the educational sys-
tem that is being evaluated. In our example,
it is the secondary school, but it could be
elementary school, middle school, higher ed-
ucation, or the entire system.3  The phrase
their characteristics  calls attention to the sig-
nificance of specifying which characteristics
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should be considered. It is rare for analyses of
national data to take input characteristics
into account, but to the extent they do, socio-
economic-status (SES) measures are most
commonly used. We include gender, aca-
demic achievement upon entry to secondary
school, and SES in our analysis, and we dem-
onstrate that the combination is a much more
powerful control than SES a1one.4

3. Inequality. This is the degree to which
pupil achievement is associated with pupil
characteristics on entry. For instance, do pu-
pils who have low prior academic achieve-
ment have greater or smaller performance
gains than those with high prior academic
achievement? We show that districts do vary
on this measure, and we suggest that it is an
important assessment index.

In addition to charting district differences
in these three assessment criteria, our anal-
ysis considers two possible sources of district
variation in them. One is the average pupil-
teacher ratio (PTR) in the districts, which is a
reasonably good indicator of per-pupil in-
vestment in education. Much of the early
research on the effects of PTR has yielded
inconclusive findings (see Hanushek, 1989,
for a review); however, the majority of
studies have lacked adequate control for pu-
pil intake, and the analyses have not taken
account of the hierarchical structure of edu-
cational data. The initial findings of a longi-
tudinal study in Tennessee, where pupils
were randomly assigned to large and small
classes, demonstrate considerable benefits in
achievement for smaller classes (Finn &
Achilles, 1990). Our second measure is the
degree to which the districts offer separate
schools for more and less talented students.
Research in the United States has empha-
sized stratification within schools ‘through
tracking or ability grouping (e.g., see Oakes,
Gamoran, & Page, 1992), or the differentia-
tion caused by selective private schooling
(Jencks, 1985). In the United Kingdom, the
issue of selective schooling within the public
sector has been a more salient issue. McPher-
son and Willms (1987) examined the effects
of school reorganization in Scotland follow-
ing 1965 legislation that abolished selective
schooling. They found that comprehensive
schooling significantly benefited pupils in
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their educational attainment, particularly for
pupils from working-class backgrounds. The
effects of selective schooling within the pub-
lic sector may become equally important in
the United States when parental choice pro-
grams become fully implemented. We do not
intend our analysis to be a thorough study of
the effects of FTR or selective schooling; our
purpose is simply to show how the effects of
district-level factors can affect indicators
of net productivity and inequality. We dis-
cuss further the purpose and meaning of this
analysis later in the article.

Sample, Measures, and Method

Our analysis uses data from a longitudinal
study of a British birth cohort. The National
Child Development Study (NCDS) followed
a birth cohort of all the babies born in Eng-
land, Scotland, and Wales in the first week of
March 1958. (See Kerckhoff, 1990, for fur-
ther details.) Data were collected when the
children were 7, 11, 16, 20, and 23 years of
age. The members of the cohort, their par-
ents, their teachers, and school administra-
tors were the sources of the data.

The data used here are primarily relevant
to the secondary school education of this co-
hort. The assessment measures are reading
and mathematics achievement tests adminis-
tered at age 16 and the level of secondary
school examinations’ passed (data collected
from the schools when the cohort members
were 20 years old). Measures of social and
academic background come from the age 11
sweep. Our SES measure is an index based
on weighted standardized measures of
father’s occupation, father’s and mother’s
education, and number of siblings.6  Aca-
demic achievement at time of entry into sec-
ondary school was measured by reading and
mathematics tests administered at age 11.

Although much of the literature on educa-
tional structures uses the school as the unit of
analysis, a national assessment will neces-
sarily focus on larger units, those based on
divisions of political and legal responsibility.
In the United States, the individual states are
highly visible units for summary reporting. In
both Great Britain and the United States,
however, school districts have considerable
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autonomy and are the source of much of the
variation in organizational structure and po-
tential program innovation. In addition to
measures of the characteristics and achieve-
ments of individual pupils, therefore, our
analysis uses data on Local Education Au-
thorities (LEAS) as units of analysis. Our
analysis is based on the 148 LEAS in England
and Wales.’ The LEAS varied widely in both
the nature of the pupil populations they
served and the way they organized the
schools the pupils attended. The two mea-
sures of district-level features we use in the
analysis are the pupil-teacher ratio in the
LEA and the percentage of the LEA pupils
who attended schools with selective intakes
(i.e., grammar and secondary modern
schools). These were based on statistics re-
ported by the Department of Education and
Science (1974).

The advantages of this data set include the
large number of districts covered, the
amount of detailed longitudinal information
on individuals, and the availability of district-
level data on resources and organizational
structure. No American data set has all of
these features (see Note 1). As will become
clear as we present the analysis, however,
the data set has limitations that any ade-
quate national assessment will need to over-
come. One of the chief limitations is the size
of the within-district samples, which could be
overcome easily with a different sampling
strategy.

We use a hierarchical linear model (HLM)
to analyze the data. The strength of a hier-
archical analysis is that it estimates statistics
for each unit of a hierarchical structure using
data for that unit, while borrowing strength
from the information available on all units. In
this case, we estimate the indices of gross
productivity, net productivity, and inequality
for each district. For each of these indices we
estimate: (a) their average across all districts,
(b) the extent that they vary among districts,
and (c) the accuracy with which they are esti-
mated. We also ask whether their variation
can be explained by district-level features.
The HLM analysis is conducted in three
stages. We discuss each stage as part of the
presentation of results that follow.



Gross Productivity
The simplest indicator of the effectiveness

of the educational system is its gross produc-
tivity. Measures of this type are reported in
Table 1, which also indicates the intercorrela-
tions among the major variables in our anal-
ysis. Without a point of reference, however,
such measures have little meaning.

Two points of reference can be envisaged
for external assessment, although they are
not available in the present instance. One is
based on some statement of goals for the sys-
tem, what pupils “should” achieve. The En-
glish and Welsh are moving rapidly in the
direction of establishing such “attainment
targets,” stated in terms of achievement in
specific subjects (English, mathematics, sci-
ence, etc.; Department of Education and Sci-
ence, 1989). In the United States, there has
also been movement in this direction, espe-
cially with respect to mathematics achieve-
ment (National Council of Teachers of Math-
ematics, 1989, 1991). A second reference
point could be based on prior years’ average
performance, but that is feasible only after an
assessment procedure has been in effect for
at least 2 years. Because our data do not
relate to the new British attainment targets,
and because there is no prior record of
achievements, the average scores reported in
Table 1 are not useful in either of these kinds
of comparisons.

The average performance of the schooling
system can serve as a point of reference for
internal comparisons, however. For example,
we might say that the average mathematics
score for a particular LEA was 1.3 items

TABLE 1

New Educational Indicators

higher than the national average. To assist in
the interpretation of this type of comparison,
in the analyses that follow we have stan-
dardized the measures of reading and mathe-
matics achievement, based on the means and
standard deviations for the national sample,
as was done for the measure of examination
attainment (see Note 4). This allows us to
express differences among LEAS in all three
types of achievement as effectsizes,  that is, as
fractions of a standard deviation. Theeffect
size metric is useful because it allows us to
compare the magnitude of differences among
units with our estimates of the effects of pol-
icy interventions (e.g., reduction in PTR), or
with the effect sizes’associated with specific
types of educational interventions (e.g., see
Hattie, 1992; Levin, Glass, & Meister, 1984).

It is apparent from the correlations among
the three achievement measures (reading,
mathematics, and examination attainment)
that they are not measuring exactly the same
kinds of achievement, and assessment inter-
pretations may differ depending on which is
used as the criterion of achievement. Thus,
if multiple criteria of achievement are used, it
will be important to examine the extent to
which they lead to the same conclusions.’

The other variables included in Table 1 are
indicators of the pupils’ backgrounds-their
gender, SES, and prior academic achieve-
ment . As would be expected, there are signif-
icant correlations between most of these
background variables and the measures of
academic achievement in secondary school.
The correlations of the three outcome mea-
sures with the age 11 reading and mathemat-

Means, Standard Deviations, and Product-Moment Correlations for the Pupil-Level Variables

Product-moment correlation
Variable M SD 1 2 3 4 5 6 7
1. Reading (age 16) 25.470 6.890 1.00
2. Mathematics (age 16) 12.641 6.803 A4 1.00
3. Examination attainment 0.000 1.000 .63 .68 1.00
4. Reading (age 11) 16.061 6.208 .79 .63 .61 1.00
5. Mathematics (age 11) 16.691 10.256 .69 .76 A4 .74 1.00
6. Socioeconomic status 0.000 1.000 .38 .40 A4 .39 .39 1.00
7. Sex 0.501 .500 (.oo) .09 -.05 (-.Ol) (.02) (-.02) 1.00
Note. Correlations were estimated with pairwise  deletion of missing data. Total N = 8,826; minimum N = 6,839.
Correlations in parentheses were not statistically significant at the .OOl level.
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its test scores tend to be higher (ranging from
0.61 to 0.79) than their correlations with SES
(which range from 0.38 to 0.44), a fact that
becomes important in our later analysis. The
correlations with gender are quite small, and
in most cases are not statistically significant.

Table 2 presents an analysis of the varia-
tion in gross productivity among LEAS. The
results are derived from what is called a null
model,  which is the first stage of our HLM
analysis.’ The analysis estimates the mean
outcome score for each LEA and then esti-
mates the average of the LEA means.” The
reported averages are all close to zero be-
cause of the standardization of the measures.

The analysis also estimates the variance
(and standard deviation) of the LEA means
for each outcome measure and tests whether
it is statistically significant. This is the most
important part of Table 2 for our purposes.
The variation among LEAS that we observe
might be a result of measurement and
sampling error only. In that event, further
analyses that attempted to uncover the
processes underlying LEA differences would
be futile. The HLM analysis tests (with a x2
test) whether the “true” variation (i.e., vari-
ation independent of measurement and sam-
pling error) is statistically different than zero.
For our data, the estimated standard devia-
tions of the LEA means range from .137 to
.171,  and are statistically significant. This
amount of variation is also substantively sig-
nificant. Figure 1 displays the variation
among LEA means, expressed as effect sizes,
with box plots” for each outcome measure.
The range in LEA means is greater than 0.4
for reading and attainment, and nearly 0.6
for mathematics. Effect sizes of this magni-
tude are bigger than those associated with
many educational interventions. We con-

elude  there is large variation among LEAS  in
their gross productivity.

The squares of the standard deviations in
Table 2 are estimates of the “true” variances
in LEA mean scores. These range from .019
to .029, indicating that only 2 or 3% of the
total variance is among LEAS,  the rest being
within LEAS. This is a paradox that this kind
of analysis uncovers: Although only a small
percentage of the total variance  is attributable
to variation  among  districts,  the differences
between  the highest and lowest scoring dis-
tricts are significant  both statistically and sub-
stantively.

The third line in Table 2 reports the re-
liability with which we could estimate gross
productivity for each LEA. The reliability of
an estimate depends on the accuracy with
which we can estimate an indicator (inac-
curacies stem from measurement and sam-
pling error), and the magnitude of the “true”
variance of the indicator. The low reliabilities
for our estimates of gross productivity reflect
the fact that our estimates of the means are
based on relatively small samples in many of
the individual LEAS. We restricted our anal-
ysis to LEAS that had data describing at least
15 pupils, but samples of at least 100 pupils
per district would be more appropriate.
While the small within-LEA samples have
the effect of reducing the possibility of find-
ing statistically significant effects, the effects
reported here and in later tables are all ad-
justed to take this limitation into account.
Consistently larger individual LEA samples
would have produced more reliable estimates
of the individual LEAS means, but the esti-
mates of the amount of variation in LEA
means would have been about the same.

The primary conclusion to be drawn from
this simple HLM analysis is that there was

TABLE 2
Stattitics  Describing Gross Productivity of I27 English and Welsh Local Education Authorities

Indicator Reading Mathematics Examination attainment

Gross productivity
M of LEA means - .024 - .032 - .028
SD of LEA means .150** .171** .137*+
Reliability .482 .539 ,470

l *p c .Ol.
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FIGURE 1. Box plots  indicating  variability  of gross and net productivity

substantial variation in the gross productivity
among the LEAS, even after taking account
of measurement and sampling error. This
provides the basis for investigating the rea-
sons for that variation. Most reports of na-
tional assessments would probably present
such measures of gross productivity as if they
were meaningful in themselves. But that
would imply that the differences resulted
from the educational systems of the districts,
and it would ignore the differences in the
kinds of pupils enrolled in the districts’
schools. In the next two analyses we show
that much of the variation observed here
stems from differences in pupil intake among
the LEAS.

A Controlled  Measure  of Productivity

The second stage of our analysis intro-
duces background measures.‘* We begin by
examining the effects of SES and gender. The
multilevel analysis computes a separate re-
gression of outcome scores on SES and gen-
der for each LEA and produces expected
scores for a pupill  with nationally average
SES. We could refer to these adjusted means
as measures of net productivity,  but we find
that SES and gender are inadequate indica-

tors of pupil intake. We therefore reserve the
term netproductivity  for adjusted means that
also adjust for prior academic achievement.

The top section of Table 3 reports the aver-
ages of the within-LEA adjusted means as
well as the standard deviations of those means
and the reliability of the estimates. The sec-
ond and third sections of the table report
parallel statistics for the relationships of gen-
der and SES with the outcome measures.

In the top section of the table, the average
background-adjusted means of all LEAS are
again close to zero for the three outcomes, as
would be expected because of standardiza-
tion of the outcome measures. However, the
standard deviations of the adjusted means
(ranging from .058 to .095) are considerably
smaller than the standard deviations for the
unadjusted means (which range from .137 to
.171).  The adjustments for sex and SES have
reduced the amount of variation in produc-
tivity among the LEAS  for all outcomes, but
proportionally the greatest reduction is for
examination attainment and the least is for
reading. Because the variation in adjusted
means is smaller, and because of the rela-
tively small sample sizes used to estimate the
adjusted means for some LEAS,  the re-
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TABLE 3
StatXcs Describing Background-Adjusted Indicators for I27 English and Welsh Local Education
Authorities

Indicator

Background-adjusted means
M of LEA adjusted means
SD of LEA adjusted means
Reliability

Gender gap (female minus male)
M gap across LEAS
SD of LEA gender gap
Reliability

Outcome&ES relationship
M relationship across LEAS
SD of relationship
Reliability

Reading Mathematics

- .012 - .018
.094** .095**
.302 .306

- .OlS - .193*+
.035 .018
.020 .006

.378” .391**

.054 .029

.137 Al49

Examination
Attainment

- .oos
.058*
.179

,093”
SK53
.070

.436* *

.060

.179
l *p < .Ol.  l p < .05.

liability of these controlled measures is also
considerably lower than for gross produc-
tivity. Therefore, it is more difficult to distin-
guish among particular LEAS in their back-
ground-adjusted outcome scores than it is in
their unadjusted scores.

The middle section of Table 3 shows that
the differences between the sexes vary ac-
cording to the outcome being measured.
There is no significant gender difference in
reading scores, but the males scored signifi-
cantly higher on the mathematics test (an
effect size of nearly 0.2),  and the females
scored significantly higher on the examina-
tion attainment scale (an effect size of nearly
0.1). The middle line of this section shows the
standard deviations of the gender gap across
LEAS. For example, whereas the average
gender gap in examination attainment was
-093, the observed gap was not the same in
every LEA. The standard deviation of the
gender gaps was .063. However, not one of
the standard deviations of the gender gaps is
statistically significant. These results suggest
that no LEAS were more effective for one sex
than the other in reading, and that the male
advantage in mathematics and the female ad-
vantage in attainment was relatively constant
across LEAS. The reliability here is very low
for all three outcomes, which means that it is
difficult to reliably distinguish between
LEAS that may have been more or less effec-
tive for one sex than the other.
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The bottom section of Table 3 shows that
there are consistently significant associations
between SES and the outcomemeasures, the
strongest association being between SES and
examination attainment. This general result
is consistent with many previous studies.” As
the second line of this section shows, how-
ever, the variation among the LEAS in this
association is not significant for any of the
three outcome measures. This indicates that
either the LEAS do not differ in their effec-
tiveness in teaching high- or low- SES pupils,
or that the analysis is not powerful enough to
detect such differences. Here again the re-
liability is very low, which also indicates that
it is very difficult to distinguish between
LEAS according to the strength of these as-
sociations between SES and the outcome
measures. We consider the magnitude of the
estimated variation in outcome&ES slopes
(SDS ranging from .029 to .060) to be large in
substantive terms, and therefore conclude
that a more powerful analysis is required to
achieve good indicators of inequality. We re-
peated the educational attainment analysis
for the 23 LEAS that had data for at least 100
pupils, and found the variation in outcome
slopes to be about the same (SD = .058),  but
with the larger sample sizes the variation was
statistically significant (p C .Ol).

Net Productivity  and Inequality

In Table 4 we add measures of the pupils’
prior academic achievement to the pupil-
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TABLE 4
Statistics Describing Net Productivity and Inequality for 127 English and Welsh Local Education
Authorities

Indicator Reading Mathematics Examination attainment

Net productivity
M of LEA effects - .020
SD of LEA effects .057+ *
Reliability .225

Inequality (gender gap, female minus male)
Average gap - .014

Inequality (outcome/SES relationship)
Average relationship .142**

Inequality (outcome/prior achievement relationship)
M relationship across LEAS .622**
SD of relationship .116**
Reliability .485

- .038 - .OlO
.081** .059* *
.341 ,223

- .158** .088*+

.171** .275+*

.589*** .418* *

.051 .073+  *

.189 .290

l *p < .Ol.  ‘p < .05.

level model. These too are an indication of
the LEAS’ varied intakes. These measures
were also standardized on the national
sample to facilitate interpretation of the re-
gression results. We consider this to be a rea-
sonably well-specified pupil-level model, and
we doubt whether additional control vari-
ables would alter the results appreciably.”

One of the problems with any longitudinal
assessment is the attrition of participants
during the assessment period. In estimating

As expected, the prior academic achievement

either gross or net productivity, we would
expect biased comparisons if attrition rates

measures have very strong relationships with

varied among districts, and if those dropping

the outcome measures, much stronger than

out of the study were a nonrandom sample
(e.g., predominantly low-achieving pupils).

the relationships between SES and the out-

In many cases, these circumstances could
prevail. The NCDS expended considerable

come measures. l6

resources to follow subjects as they moved
from one location to another. Approximately
88% of the pupils who completed the age 11
reading and mathematics tests were still in
the study 5 years later and completed the age
16 tests. Thus, attrition may be less of a prob-
lem here than in a state assessment that did
not attempt to follow pupils longitudinally.
But even in assessments where there is attri-
tion that is nonrandom and differs across dis-
tricts, estimates of net productivity would be

less biased than estimates of gross produc-
tivity because net productivity includes an
adjustment for pupil background. (The bias
would depend on whether those who
dropped out of the study differed in their
outcomes, given their set of background
characteristics.) Attrition could also affect

The first section of Table 4 reports the
results for the estimates of net productivity.

estimates of inequality: For example, a dis-

The average net productivity across all LEAS
is again close to zero because of the standard-
ization of the outcome measures. The stan-

trict that lost a relatively large proportion of

dard deviations of net productivity range

either high- or low-ability pupils would likely

from .057 to .081. These are less than half the
size of the standard deviations of the esti-

have a shallower outcome/prior achievement

mates of gross productivity (shown in Table
2) and for reading and mathematics are
smaller than those of the controlled measures
of productivity (shown in Table 3). However,

slope, indicating less inequality than the true
value.

they are still statistically significant. Three of
the box plots in Figure 1 display the distribu-
tion of net productivity of the LEAS as effect
sizes. The full range for LEA effects for read-
ing and attainment are slightly greater than
0.1, and for mathematics it is about 0.2.
Some analysts would not consider effect sizes
of this magnitude to be large, but arguably if
an inexpensive intervention boosted the
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achievement scores for all pupils in a district
by .l to .2 of a standard deviation, we would
consider the intervention worthwhile.

The reliability of the estimates of net pro-
ductivity are quite low (ranging from .223 to
.341) indicating that, although there is signif-
icant variation among the LEAS in net pro-
ductivity, it is difficult to distinguish reliably
among the LEAS on that basis. The box plots
indicate that half of the LEAS have effects
that are very tightly clustered around the
national mean (plus or minus .02 for reading
and attainment, and plus or minus .04 for
mathematics). We conclude therefore that
the practice of “ranking” LEAS in their net
productivity can be very misleading, for the
difference between LEAS at the 25th and
75th percentiles may be quite small in sub-
stantive terms.

The second section of Table 4 shows the
estimates of the gender gap across LEAS.
There are no statistically significant sex dif-
ferences in age 16 reading scores, but, as in
Table 3, there are sex differences in both age
16 mathematics scores and examination at-
tainment scores. On average, males score ap-
proximately .16 of a standard deviation
above females on the age 16 mathematics test
and females outperform males by approx-
imately .09 of a standard deviation on the
examination attainment measure. As noted
above, the sizes of these gender gaps did not
vary significantly among LEAS.”

The third and fourth sections of Table 4
report the analyses of the relationships
between the outcomes and SES and prior
academic achievement. These estimates of
inequality give the expected change in the
outcome measure for a one standard devia-
tion increase in SES or prior academic
achievement, with other factors in the model
held constant. For example, the average out-
come&ES relationship across all LEAS for
reading was .142, which means that a one SD
increase in SES (other factors held constant)
was associated with a .142 SD increase in age
16 reading scores. Overall, the outcomes are
much more strongly associated with prior ac-
ademic achievement than they are with SES.
The associations between outcome measures
and prior reading achievement vary signifi-
cantly across LEAS for both the reading test

scores and the examination attainment
scores. In all cases, the reliability of this indi-
cator of inequality is rather low, but it is
consistently higher than in the analysis in
Table 3. In contrast to the analysis reported
in Table 3, there is clear evidence here of
significant variation among the LEAS in the
measures of inequality (their effects on pu-
pils with different prior academic achieve-
ments)-at  least in reading and examination
attainment.

Sources  of Variation  in Net Productivity
and Inequality

The final stage of our analysis considered
whether the variance among LEAS in their
net productivity or their inequality could be
explained with LEA-level variables. We ex-
amined the effects of five variables. Three of
these can be viewed as contextual variables
and two as organizational or structural vari-
ables. The three contextual measures de-
scribe the pupil composition of the LEAS.
These are the mean reading and mathematics
scores and the mean level of SES of each of
the LEAS.

One of the organizational variables is the
PTR in the LEA. This is both a measure of an
organizational feature of the school system
and an indication of the per-pupil investment
in education. The other organizational mea-
sure is the percentage of pupils in the LEA
who attended selective schools. At the time
these data were collected (the mid-197Os),
the British secondary school systems were
undergoing reorganization. The state-sup-
ported system in England and Wales had his-
torically been stratified into three types of
schools: grammar schools for the aca-
demically talented, technical and secondary
modern schools for all others. At this time,
comprehensive schools were being intro-
duced that enrolled pupils who would have
previously attended any of these types of se-
lective schools. The LEAS varied widely in
the rate at which they had made the change.
Our measure is the proportion of the pupils
in the LEA still attending selective schoolsn?

We conducted analyses of the effects of
these five LEA-level variables on net produc-
tivity and inequality, using the hierarchical
linear model.” None of the contextual mea-



sures was a statistically significant predictor
of net productivity, so we limited the final
analysis to the two organizational variables-
pupil-teacher ratio and percentage in selec-
tive schools. The results of that analysis are
presented in the Appendix for the reader
interested in the technical details, but only
their general outline needs to be discussed
here.

The percentage of pupils in selective
schools had a small, but statistically signifi-
cant, effect on net productivity in the mathe-
matics and examination attainment analyses.
For instance, the results indicated that the
expected score of an average pupil in a fully
selective system (which includes only gram-
mar and secondary modern schools) would
be about 10% of a standard deviation higher
than a comparable pupil attending school in a
fully comprehensive LEA. An effect of that
size is enough to alter a pupil’s rank from the
50th to the 53rd percentile. The effects of
percent selective on inequality were even
weaker, although for mathematics and at-
tainment they suggest that there was greater
inequality in LEAS  with high proportions of
their pupils in selective schools.

The effect of PTR was relatively consistent
across the outcome measures. In all cases,
net productivity was lower the higher the
PTR, although the effect was statistically sig-
nificant only for the mathematics test scores.
For mathematics, a one-pupil decrease in
PTR was associated with an increase of 3.2
percent of a standard deviation in average
mathematics scores. PTR did not have a
significant association with the measures of
inequality.

The LEA-level organizational measures
thus do help to explain some of the variations
in net productivity and inequality among the
LEAS, although their effectiveness was quite
limited, in part because of small sample sizes
within LEAS.

Conclusion

We have used the NCDS data to show how
national data on pupil achievement might be
used to generate useful social indicators. In
doing so, we have shown some of the possible
pitfalls of such an enterprise and some of the
necessary characteristics of any assessment if
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it is to be fully effective. Rather than emphas-
ize the specific results of our analysis, we
focus this section on their general meaning.

1. Most of the need for a national assess-
ment emphasizes what we have called mea-
sures of gross productivity. Such measures
may indeed be useful for some purposes, but
their usefulness is limited. Attempts to mea-
sure the adequacy of the skills of the entire
population (or any particular age cohort)
might use criteria based on gross produc-
tivity. International comparisons of labor
force competence or time series records of
national change over time can be based on
such measures. However, internal inter-
district comparisons based on gross produc-
tivity measures are bound to distort the rela-
tive effectiveness of the districts’ schools
because those measures do not take varia-
tions in intake into account. Gross produc-
tivity measures exaggerate the amount of
among-district variation, and they lead to un-
warranted and misleading comparisons.

2. The usual methods of accounting for
interdistrict variation in intake involve con-
trolling for such factors as SES and gender.
We have shown that those controls do, in-
deed, sharply reduce the amount of inter-
district variation in productivity. However,
when prior academic achievement is used as
an additional indicator of district intake vari-
ation, the results are quite different. The
three measures together (SES, sex, and prior
achievement) reduce the variation in produc-
tivity very sharply, and the rate of reduction
is essentially the same for all three achieve-
ment measures. There is a huge difference
between gross and net productivity, mea-
sured in this way. In our analysis, the amount
of variation in net productivity among LEAS
is only one-fifth the amount of variation in
gross productivity. The variation in produc-
tivity is still significant, but it is much less
glaring, and any interdistrict comparisons
that are made will be fairer to educators.

3. Almost all of the attention in discus-
sions of assessment is focused on productivity
measures. Other measures are possible,
however, and may be equally worthy of inter-
est. One of these is the kind of measure we
have called inequality. To what extent are the
districts equally effective in teaching differ-

. - -
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ent kinds of pupils-boys and girls, high- and
low-ability pupils, pupils from high- and low-
status families? Inequality is an important
index of district differences, and it is also a
potentially valuable national social indicator.
Our analysis suggests that reliable indicators
of inequality are more difficult to achieve
than reliable estimates of net productivity.
Stronger designs that employ longitudinal
data are required.

4. It is possible to be misled in assessing
the overall importance of among-district
variation. We have become too accustomed
to judging the importance of an association in
terms of the amount of variance explained.
Only small proportions of the overall vari-
ance in achievements will generally lie among
districts; most of the variation is typically
among schools within districts, and among
pupils within schools. But that does not
preclude the among-district differences from
being both statistically and substantively
significant. We have shown that even though
districts do not vary greatly in net produc-
tivity and inequality, that variation contrib-
utes significantly to the overall distributions
of achievements. Moreover, even when dis-
trict-level variation is small, it is possible to
identify districts that are statistically signifi-
cant outliers in their net productivity or in-
equality. Further study of these districts
could enhance an evaluation program.

5. Collecting national assessment data
provides an opportunity not only to measure
the effectiveness of our educational system
but also to evaluate the importance of various
structural and programmatic features of the
system that vary across districts. Our at-
tempts to explain the LEA variation in net
productivity and inequality were not highly
successful, but the results were at least sug-
gestive of the kinds of analysis that can be
done in seeking greater understanding of the
observed among-district variation. Our data
did not include information on school-level
features, nor could we identify the school
attended by each child. Given that a factor
such as pupil-teacher ratio may vary substan-
tially among schools within LEAS, as well as
between LEAS, a more powerful test of its
effect could be achieved with a three-level
(pupils, schools, LEAS) analysis. Our results
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also varied for the different achievement
measures, suggesting that any program fea-
ture may have different effects on different
assessment criteria.

6. One of the most important lessons to be
learned from the analysis we have presented
has to do with the design of the data collec-
tion in any national assessment. The re-
liability levels in our analysis were regretfully
low. This was because of the nature of the
sample, based on a birth cohort. The number
of NCDS pupils in any given LEA varied
widely, and the inclusion of many LEAS with
very small numbers posed serious analytic
problems. This leads to the obvious conclu-
sion that all districts included in an assess-
ment must collect data from large numbers of
pupils. Yet, we have also shown that poten-
tially misleading conclusions can be reached
unless the analysis carefully controls for the
nature of pupil intake. That calls for kinds of
data not always considered as part of the
assessment process. In particular, it calls for
measures of prior achievement. Adequate as-
sessment design will require careful balanc-
ing between the need for large samples and
adequate intake data.

7. A dilemma facing educational analysts
attempting to monitor performance is the re-
quirement to produce meaningful and easily
interpreted indicators and yet describe some
of the complexity inherent in all schooling
systems. Assessment systems that categorize
schools into comparison bands and rank-
order schools are appealing because of their
simplicity. But the estimates of school perfor-
mance garnered by these techniques can be
biased, and rank orders can be misleading
because even a small change in the perfor-
mance of a school can dramatically alter its
rank order. We are calling for the use of more
complex  techniques  which not only produce
more accurate  estimates  o f  school perfor-
mance,  but akio describe  the diversity  in
schooling  outcomes  across  a school district  or
larger community,  indicate  the extent  of in-
equality  among  subpopulations,  and provide
a means of explaining  diversity  among  schools
or districts  in terms of school processes.

The function of statistical techniques is to
uncover complexity and help explain it. An
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indicator is simply a statistic used to convey transforming effect sizes into scores that
the complexity. It derives its meaning from ranged from 0 to 100 would enable the indica-
its variation within a sample, its trend over tors to be interpreted more easily by some
time, or from a comparison to some stan- audiences. But we cannot presume that par-
dard. In our analysis we used effect sizes as ents, teachers, or school administrators are
the metric for describing gross and net pro- incapable of understanding indicators of di-
ductivity. This is a useful metric for an audi- versity, inequality, or explanation. If we do,
ence of researchers and educational policy- then we must also presume that we are un-
makers, but is probably not the best metric to able to inform them in ways that will improve
convey results to parents. It may be that the schooling system.

APPENDIX A
HLM Results for Model-Examining Relationships Between Net Productivity and Policy-Related
Variables

Examination
Reading Mafhematics attainment

Fixed effects Estimate SE Estimate SE Estimate SE

Average within-LEA equation:
Intercept (grand mean) - .038* .017 - .074* * .018 - .045 .017
Reading (age 12) .501** .023 .088* * .OlO .193** .019
Mathematics (age 12) .174** .012 .513*+ .019 .311** .012
Socioeconomic status .121** .009 .165** .009 .235*+ .om
Sex (female = 1) -.004 .017 - .172+* .017 .106** .017

Effects of LEA-level variables:
Percent selective on .00051 .00039 .00107* JO042 .00112*  l .00038

intercept
Pupil-teacher ratio on - .01772 .01335 - .03183* .01375 - .02397 .01263

intercept
Percent selective on - .00003 .00046 .ooo44 .00037

reading slopes
Percent selective on JO035 JO037

mathematics slopes

Random effects

Estimates of residual
parameter variance
Adjusted LEA means
Reading slopes
Mathematics slopes

Model statistics

Estimate X2 Estimate X2 Estimate X2

.00413** 192.88 .00608** 204.69 .00300** 184.66

.01173** 1047.24 .00319** 169.28
.00293 145.54

Reliability of estimates:
Adjusted LEA means .267 .329 .210
Reading slopes .464 .219
Mathematics slopes .204

Proportion of variance explained:
Pupil-level .482 .468 .387
LEA-level .815 .792 .840

Note. Degrees of freedom for the x2 tests were as follows: adjusted means (124). reading or mathematics slopes (125).
*p c .05. ‘*p < .Ol.
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Notes

The research was supported by the U.S.
Spencer Foundation, the Canadian Social Sci-
ences and Humanities Research Council, and the
Centre for Educational Sociology (University of
Edinburgh), a Designated Research Centre
funded by the Economic and Social Research
Council (COO280004).  The analyses and con-
clusions do not necessarily reflect the views or
policies of these or any other organizations.

‘For instance, although about 90% of 17-18-
year-olds are in school in the United States, fewer
than 40% are in Great Britain.

2These  terms and their general conceptual
meaning are adapted from Gamoran and Mare
(1989).

3 Although some form of analysis might be used
to assess the effectiveness of the entire educa-
tional system, it would necessarily go well beyond
the kinds of analysis discussed and presented
here. Even an analysis that bridges more than one
stage in the educational career raises many addi-
tional issues about appropriate measures and the
relationship between one-stage and multistage
measures. This is especially true when trend data
are being assembled and there are historical
changes in the proportions of pupils who make the
transition from one stage to the next. (See Mare,
1981).

4The  importance of controlling for both SES
and prior academic achievement when estimating
school effects is well known; for example, see
Jencks’ (1985) review of the studies comparing
public and private schools in the United States.
Previous research has shown also the dramatic
decrease in variability of school mean scores, be-
fore and after controlling for SES and prior
achievement (see Willms, 1992, Chapter 5). One
would expect prior performance and SES to be
important controls also when examining variation
in district mean scores, but there have been no
analyses that show the extent of the reduction in
variability.

‘There is no secondary school “graduation” in
Great Britain. At the time these data were col-
lected, secondary school pupils could take various
kinds and levels of examinations between the ages
of 16 and 19. These included the academically
demanding General Certificate of Education ex-
aminations (GCEs),  offered at ordinary and ad-
vanced levels (O-levels and A-levels), and the less
rigorous Certificate of Secondary Education ex-
aminations (CSEs). Our examinations measure is
an ordinal scale that ranges from 0 (no examina-
tions passed) to 9 (2 + A-levels). We scaled the
ordinal measure on a logit  distribution, as recom-
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mended by Mosteller and Tukey (1977), and stan-
dardized it on the entire sample.

6The  SES index is the first principal component
of the four indicators. The factor loadings were
.74447 for father’s occupation, .82305 for father’s
education, .75499 for mother’s education, and
.32829  for number of siblings. The eigenvalue was
1.90944.

‘Data from Scotland were also included in the
data set, but they are not used in this analysis. The
Scottish education system is organized differently
from the Welsh and English systems, and it uses
somewhat different secondary school examina-
tions. Also, the Scottish education authorities
were much more homogeneous in their adoption
of comprehensive schools than were those in Eng-
land and Wales (see McPherson & Willms, 1987).
For these cross-sectional data, the Scottish educa-
tion authorities contribute little to our under-
standing of between-district variation related to
school type.

‘.Willms  and Raudenbush (1989) present a
model for assessing the stability of outcomes
across subject areas. Longford  (1991) provides a
multilevel test for determining whether compari-
sons among groups (such as the LEAS studied
here) on a set of multivariate outcomes can distin-
guish between individual outcomes, or whether
there is only a single dimension.

91n the first stage, a null model was fitted for
each outcome measure. The null model is identi-
cal to a random effects analysis of variance, which
partitions the variance into within- and among-
group components. It is called a null model be-
cause there are no pupil- or district-level factors
used to explain variation in pupils’ achievement.
The model provides estimates of the mean score
for each district, and estimates of the variance of
these means among districts. The remaining vari-
ance is among pupils within districts.

lo The average is a “precision-weighted mean,”
which is the average of the LEA means, weighted
by the precision with which they were estimated.
LEAS  with large sample sizes figure more heavily
in this calculation.

” Box plots summarize graphically the distribu-
tion of a set of scores. The median is shown by the
horizontal line within the box, and the 75th and
25th percentiles are shown by the top and bottom
of the box. The upper and lower vertical lines
extend from the box to the maximum and mini-
mum values, respectively, except for outliers,
which are shown as individual points. Outliers are
values that are more than 1.5 times the interquar-
tile range away from the upper or lower quartiles.
See McGill, Tukey, and Larsen (1978) for a full
discussion of box plots.
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“In the second stage of the HLM analysis we
included pupil-level background factors (SES,
prior achievement, and gender) in the model. The
analysis provides estimates of background-ad-
justed means (net productivity) for each district,
and an estimate of the extent to which these means
vary among districts. The analysis also provides
estimates of the regression coefficients relating
achievement to background factors (inequality)
for each district, and estimates of the extent to
which these coefficients vary among districts. We
conducted the analysis with and without prior
achievement in the model. For each analysis we
report the average background-adjusted mean,
the variation of background-adjusted means
among districts, the average of the within-district
regression coefficients, and the variation of these
coefficients among districts.

‘31n these analyses we “centered” sex on the
entire sample. Therefore, the intercepts of the
within-LEA regressions can be thought of as esti-
mates of net productivity for each LEA, if they
had a balance of males and females similar to the
national average.

I4 For example, pupil-level correlations between
SES and achievement test scores using the 1982
U.S. High School and Beyond Study data were -33
for reading and .34 for general mathematics
(Willms, 1983, Table 4-2). The correlations be-
tween SES and the 1980 national O-Grade results
for Scotland were .39 for English, .41 for mathe-
matics, and .47 for overall attainment (Willms,
1986). Madaus, Kellaghan, Rakow, and King
(1979) reported correlations for Ireland ranging
from .33 to .43 for standardized tests of Irish,
English, and mathematics.

Y

“In other analyses we expanded our input
controls by including teachers’ ratings of pupil be-
havior at age 11. The measure was statistically sig-
nificant, but its inclusion did not appreciably af-
fect the proportions of variance explained at either
the pupil or LEA levels. Besides, it is not realistic
to imagine that any national assessment would
include such variables.

16The results for the null model indicated that
about 3 to 4% of the total pupil-level variance was
among LEAS, and 96 to 97% was within LEAS.  Of
this within-LEA variance, about 14 to 19% was
explained by SES and gender, whereas between 41
and 53% was explained by SES, gender, and the
measures of prior achievement.

“In these regressions we constrained the out-
come/sex slopes to be parallel, as there was no
statistically significant variation in these slopes
across LEAS.  Also, we found that if the SES, age
11 reading, and mathematics slopes were both
allowed to vary among LEAS, collinearity prob-
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lems prevented estimation of the model. There-
fore, we constrained the age 11 mathematics
slopes to be parallel in the regressions for reading
and examination attainment, the age 11 reading
slopes to be parallel in the regression for mathe-
matics, and the SES slopes to be parallel for all
three regressions. Therefore, our indicators of in-
equality that vary among LEAS include only the
outcome/prior achievement slopes.

18The analog of this organizational feature in
the United States might be the proportion of pu-
pils attending “magnet” schools or schools with
specialized functions (science education, the arts,
vocational training, etc).

I9 The third stage of the HLM analysis attempts
to explain variation among districts in their back-
ground-adjusted means (net productivity) and in
their achievement/background relationships (in-
equality). We attempt to explain variation among
districts in these indicators with the percentage of
pupils attending selective schools and the pupil-
teacher ratio. The multilevel technique provides
estimates of the effects of these district-level fac-
tors and their standard errors.
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