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Some Findings From an Independent Investigation of the

Tennessee STAR Experiment and From Other Investigations of

Class Size Effects

Eric A. Hanushek
University of Rochester and National Bureau of Economic Research

While random-assignment experiments have considerable conceptual appeal, the validity and reliability of

results depends crucially on a number of design and implementation issues. This paper reviews the major
experiment in class size reduction—Tennessee’s Project STAR—and puts the results in the context of
existing nonexperimental evidence about class size. The nonexperimental evidence uniformly indicates no
consistent improvement in achievement with class size reductions. This evidence comes from very different
sources and methodologies, making the consistency of results quite striking. The experimental evidence
from the STAR experiment is typically cited as providing strong support of current policy proposals to
reduce class size. Detailed review of the evidence, however, uncovers a number of important design and
implementation issues that suggest considerable uncertainty about the magnitude of any treatment effects.
Moreover, there is reason to believe that the commonly cited results are biased upwards. Ignoring consid-
eration of the uncertainties and possible biases in the experiment, the results show effects that are limited to
very large (and expensive) reductions in kindergarten or possibly first grade class sizes. No support for
smaller reductions in class size (i.e., reductions resulting in class sizes greater than 13—17 students) or for
reductions in later grades is found in the STAR results.

The latest debate about the efficacy of class size
reductions for improving student performance has
renewed interest in the underlying evidence. The
debate has been surprisingly lively, given the
amount of research that has gone into understand-
ing the impact of varying class sizes. From the vast
magnitude of evidence on the subject, one spe-
cific piece—evidence from Project STAR, a ran-
dom-assignment experiment in Tennessee con-
ducted during the mid-1980s—has, with some jus-
tification, assumed disproportionate weight in the
discussions.! Unfortunately, the precise nature of
that evidence has been obscured in the public dis-
cussion of the policy proposals.

The policy debates surrounding class size were
pushed to new heights with the aggressive incen-
tives for reductions introduced in California in
1996. Propelled by the political popularity of this
initiative, pressures to reduce class size have been
felt across the states. And the negotiations over the

federal budget for fiscal year 1999 hinged on in-
clusion of funds for broad class size reductions,
even though educational policy is chiefly the prov-
ince of the states. The policy debate, in turn, stimu-
lated a reconsideration of the evidentiary base for
class size policies.

Because the desirability of having smaller classes
seems so obvious, the natural discussion would
seem to hinge on whether or not class size reduc-
tions are worth their expense. Perhaps surprisingly,
however, the current debate has seldom involved
discussions of cost-effectiveness but instead has
concentrated on the prior question of whether or
not general class size reductions can be expected
to yield significant performance gains, without re-
gard to their costs. This article provides a brief
review and assessment of the various pieces of rel-
evant evidence. Because of the extent of available
evidence and because of variation in the findings,
the policy interpretations have largely come down
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to how one should weight the different pieces of
evidence—with proponents of class size reductions
generally arguing implicitly or explicitly that the
only relevant evidence is that from Project STAR.
This analysis, which takes the view that all of the
evidence should contribute to any conclusions,
begins with an account of the findings of various
components of the nonexperimental evidence. It
then turns to a more detailed discussion of the STAR
experiment and the evidence derived from it.

The nonexperimental evidence does not sug-
gest that any substantial achievement gains would
accrue to general class size reduction policies of
the type recently discussed and implemented in
various jurisdictions around the United States. Both
pupil-teacher ratios and class sizes have fallen over
some period of time, without any commensurate
improvement in overall student performance. In-
ternational test score evidence likewise suggests
little if any aggregate relationship between the in-
tensity of instruction and student achievement. And
the largest body of evidence, that derived from
detailed econometric investigations of student
performance, provides little reason to support broad
reductions in class size. Thus, the support for broad
class size reduction policies that currently exists
rests exclusively on the experimental evidence,
particularly evidence from the Tennessee experi-
ment.

The Tennessee experiment, while not the first
experiment in reduced class sizes, is noteworthy
for its scope and for its methodology. Because more
than 6,000 students were assigned to small and
large classes in kindergarten and this assignment
was continued through the third grade, extensive
data are available to shed light on the effects of
small class settings on student performance. The
now well-known results from STAR show students
in small kindergarten classes on average outper-
forming those in larger kindergarten classes and
show this aggregate performance gap persisting
throughout the elementary grades.

Translation of these general research conclusions
into policy statements must, nonetheless, be tem-
pered by a set of less known uncertainties arising
from the conduct of the Tennessee experiment and
from disaggregation of the results. First, a number
of design and implementation issues affect the in-
ferences that can be drawn, making it clear that
this is not the decisive evidence some have claimed
it to be. Second, above the gains from an initial
exposure to small classes, small classes do not lead
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to any further improvements in performance. Third,
the apparent gains are only known to come from
much larger reductions in class size than currently
being discussed. Fourth, a substantial proportion
of the schools in the experiment show student per-
formance in small classes that is worse than perfor-
mance in large classes, undoubtedly reflecting
variations in teacher quality that are more impor-
tant than any class size effects. Fifth, the costs of
broad class size reductions are seldom if ever put
into the context of other potential uses of funds.
Simply put, the desirability of the research ap-
proach—random assignment experimentation—
should not be confused with the reliability of this
specific implementation or with the possible policy
conclusions that can be supported by this specific
experiment.

Nonexperimental Evidence

The bulk of evidence about class size reduc-
tions comes from analysis of nonexperimental data
generated by the normal operations of schools.?
Both cross-sectional and intertemporal variations
in class size and teacher allocations offer potential
insights into the impact of class size policies on
student performance. While acknowledging the
uncertainties inherent in the analysis of
nonexperimental data, the striking aspect of the
combined evidence on class size is the consistency
with which it points to no systematic effects of
class size reductions within the relevant policy
range.

Aggregate Evidence

One undeniable feature of 20th-century U.S.
schools has been the steady decline in pupil-
teacher ratios. The increases in teacher intensity
over the past three decades have been much larger
than most current policy proposals to reduce class
size. Given the magnitude of changes, one would
expect a discernible effect on aggregate student
performance, unless it is offset by opposing trends
of similar magnitude.

Concentrating on the last half of the century, we
see that average pupil-teacher ratios fell from about
27:1 to 17:1, or 35%, between 1950 and 1995
(U.S. Department of Education, 1997). These de-
clines have clear and powerful implications for
school costs, because salary expenditure is the larg-
est budget item and increasing the intensity of
teacher usage simply magnifies these costs. For
example, Hanushek and Rivkin (1997) calculate



that 85% of the increase in instructional costs over
the period 1970-1990 came from reductions in
pupil-teacher ratios.

‘What has happened to student performance over
this time? While we lack information about stu-
dent achievement for the entire period, the infor-
mation that we have from 1970 for the National
Assessment of Educational Progress (NAEP) indi-
cates that our 17-year-olds were performing roughly
the same in 1996 as in 1970.® There are some dif-
ferences by subject area. For science, the average
scale score of 17-year-olds fell 9 points between
1969 and 1996. For math, 17-year-olds improved
3 points between 1973 and 1996. For reading, they
improved 2 points between 1971 and 1996. Writ-
ing performance, available only since 1984, shows
a fall of 7 points, by 1996. Only the fall in science
(and in writing since 1984) represents a statisti-
cally significant difference. There have been im-
provements in NAEP scores for younger students,
but they are not maintained and are not reflected
in the skills that students take to college and to the
job market. In summary, the overall picture is one
of stagnant performance.

The aggregate data present a prima facie case
that overall class size reductions are unlikely to
lead to improvements in student performance, but
there are several reasons why these data could be
misleading. First, pupil-teacher ratios are not the
same as class size, so class size per se may not have
followed the same pattern as pupil-teacher ratios.
Second, changes in the student population that
affect the preparation or motivation of students
could distort or mask any effects of class size
changes. While these factors could each have some
influence, the available evidence suggests that they
are insufficient to reverse the aggregate picture.

The only data on teacher intensity that are avail-
able over long periods refer to pupil-teacher ratios.
Pupil-teacher ratios are readily calculated from
normal administrative data, and they have been
available for the entire 20th century. Pupil-teacher
ratios, however, differ from class size in a variety of
ways. For example, if there are specialist teachers
(e.g., music or bilingual teachers), if teachers typi-
cally meet a different number of classes than stu-
dents generally take, or if teachers are assigned
purely administrative duties, pupil-teacher ratios
will differ from average class size. In fact, recent
data for the country as a whole show that pupil-
teacher ratios of approximately 17:1 have been
less than the estimated average class size of ap-
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proximately 24 (Lewit & Baker, 1997). For the
aggregate picture, nonetheless, the issue is whether
or not class sizes have tended to move with pupil-
teacher ratios.* The best available evidence is that
they do tend to move together in the aggregate
(Lewit & Baker, 1997).°

The largest concern about the divergence of
pupil-teacher ratios and class sizes that is typically
raised concerns the expansion of special educa-
tion instruction.® The growth in students with iden-
tified handicaps, coupled with legal requirements
for providing educational services for them, has
increased the size of the special education sector.
Therefore, the expansion of the more highly staff-
intensive special education sector could reduce
the overall pupil-teacher ratio without commen-
surate decreases in mainstream class sizes. To the
extent that mandated expenditure for disabled stu-
dents is driving the fall in the pupil-teacher ratio,
regular class sizes are not declining by much, and,
by extension, one might not expect any improve-
ment in measured student performance.’

The Education for All Handicapped Children
Act of 19758 prescribed a series of diagnostics,
counseling activities, and services to be provided
for disabled students. Over time, there has been
clear growth in the proportion of students classi-
fied as the special education population. The pro-
portion of students in special education grew from
about 8% in 1976 to more than 12% in 1995 (U.S.
Department of Education, 1997). The number of
special education teachers is rising even more rap-
idly than the student population. The growth in
both the size of the special education population
and the intensity of instruction could distort the
picture of changes in average class sizes.

From the aggregate trends, it is difficult to dis-
cern any significant or distinct effect of special
education legislation on the general pattern of
pupil-teacher ratios, in part simply reflecting its
limited overall scope (cf. Lewit & Baker, 1997).
Hanushek and Rivkin (1997) provide an upper
bound on how much the changes in special educa-
tion could have affected the observed pupil-teacher
ratios during the 1980s and conclude that no more
than one third of the change could be due to changes
in special education. Thus, the aggregate picture
of mismatch between teacher intensity and stu-
dent performance cannot be attributed simply to
overall changes in special education.

The second concern with the aggregate evidence
is that the student population might have gotten
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worse over time in terms of motivation or prepara-
tion, so more intensive instruction would be needed
just to hold even in performance. For example,
between 1970 and 1990, children living in pov-
erty families rose from 14.9% to 19.9%, while chil-
dren living with both parents declined from 85%
to 73%. Over the same period, however, there were
offsetting trends. Adults 25-29 years old with a
high school or greater level of schooling went from
74% to 86% (up from 61% in 1960). Moreover,
among all families with children, the percentage
with three or more children fell from 36% to 20%.

It is difficult to know how to net out these op-
posing trends with any accuracy. While differences
in families are very important for student achieve-
ment, most studies of student performance have
not focused their primary attention on families and
have not explicitly dealt with measuring and test-
ing the importance of specific aspects of family
inputs. Mayer (1997) suggests that the direct causal
impact of family income might be fairly small and
that the past works have more identified associa-
tions than true causal impacts. This analysis, none-
theless, cannot conclusively indicate whether or
not there have been trends in the underlying causal
factors (that are correlated in cross sections with
income). Grissmer, Kirby, Berends, and Williamson
(1994) do attempt to sort out the various factors.
Using econometric techniques to estimate how
various family factors influence children’s achieve-
ment, they apply cross-sectionally estimated re-
gression coefficients as weights to the trended fam-
ily background factors identified earlier. Their over-
all findings are that Black students performed bet-
ter over time than would be expected from the
trends in Black family factors, but White students
performed worse over time than would be expected.
In other words, for the nation as a whole, student
backgrounds appear to have improved, not gotten
worse.”

Thus, while changes in family inputs make it
possible that a portion of the increased school re-
sources has gone to offset adverse factors, the evi-
dence is quite inconclusive about even the direc-
tion of any trend effects, let alone the magnitude.
The only available quantitative estimates indicate
that changing family effects are unable to offset
the large observed changes in pupil-teacher ratios
and school resources. Indeed, for the nation as a
whole, these trends are estimated to have worked
in the opposite direction, making the performance
of schools appear better than it was.
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Grissmer, Flanagan, and Williamson (1998) ex-
tend the prior trend analysis in Black-White
achievement to argue that reduced pupil-teacher
ratios might explain a portion of the relative gain
by Black students during the 1980s. Since the de-
tailed econometric analysis of Cook and Evans
(1996) demonstrates that variations in school level
resources do not explain the changes in relative
NAEP performance, the simple trend analysis of
Grissmer et al. (1998) is plausible only if Blacks
are much more sensitive to variations in pupil-
teacher ratios than Whites. (Even accepting this,
the trend analysis has difficulty explaining why
relative convergence of scores stopped during the
1990s). In any event, since Whites comprise 80%
of the student population and receive a roughly
proportionate share of any past (or proposed) re-
ductions in class size, the overall aggregate find-
ings provide the appropriate evidence about po-
tential effects of general policy proposals.

In summary, a very large natural experiment in
class size reduction has been ongoing for a long
period of time, and, although producing larger
aggregate policy changes than typically advocated
today, overall achievement data do not suggest
that it has been a productive policy to pursue.

International Evidence

Similar kinds of results are found if one looks
across countries at the relationship between pupil-
teacher ratios and student performance. While it is
clearly difficult to develop standardized data across
countries, to control for the many differences in
populations and schools, and to describe actual
classroom organization, international variations
in class sizes and pupil-teacher ratios are larger
than those found within the United States and thus
offer some promise for detecting effects.

The Third International Mathematics and Sci-
ence Study, conducted in 1995, provides math-
ematics and science tests for a group of voluntarily
participating nations. To highlight the role of pu-
pil-teacher ratios, the eighth-grade math and sci-
ence scores can be correlated with the primary
school pupil-teacher ratio in each country." For
the 17 nations with consistent test and pupil-
teacher ratio data, there is a positive relationship
between pupil-teacher ratio and test scores, and it
is statistically significant at the 10% level for both
tests (although the statistical significance disap-
pears when Korea, the sampled country with the
largest pupil-teacher ratio, is dropped).



A more systematic attempt to investigate the re-
lationship between student performance and pu-
pil-teacher ratios uses the six prior international
tests in math or science given between 1960 and
1990 (Hanushek & Kim, 1996). When the 70 coun-
try-test-specific observations of test performance
that are available are used, there is a positive but
statistically insignificant effect of pupil-teacher
ratios on performance after allowing for differences
in parental schooling. Again, while there are very
large differences in pupil-teacher ratios, they do
not show up as significantly influencing student
performance.

Uniform data are not available on international
differences in class sizes, but some intensive in-
vestigations have shown that class size differences
vary more internationally than pupil-teacher ra-
tios. Specifically, Japan and the United States have
quite similar pupil-teacher ratios, but, because of
choices in how to organize schools and to use teach-
ers, Japanese class sizes are much larger than U.S.
class sizes (Stevenson & Stigler, 1992). Japanese
student performance is, on average, much better
than U.S. student performance.

In summary, the very large international differ-
ences in teacher intensity provide no evidence of
systematic influence on student performance, as
measured by common math and science tests.

Econometric Evidence

Beginning with the “Coleman Report”
(Coleman et al., 1966), there has been an intensive
effort to identify the effects of school resources on
student performance. The large body of literature
that has accumulated over the past three decades
provides a number of insights into the relationship
between resources and achievement. The overall
picture of school resources has been developed
elsewhere (Hanushek, 1997), and this discussion
refers only to the relevant findings for class size.
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The econometric estimates relate class size or
teacher intensity to measures of student perfor-
mance while also separating out the influence of
family and other inputs into education. The pre-
cise sampling, specification of the relationships,
measurement of student performance, and estima-
tion techniques differ across studies, but here I con-
centrate on the summary of any relationship across
studies."!

The econometric studies of the determinants of
student performance available through 1994 pro-
vide 277 separate estimates of the effect of class
size or teacher-pupil ratios on student outcomes. '
Studies are aggregated according to the estimated
sign and statistical significance of the relation-
ship.”® The analysis begins with all of the com-
bined evidence but subsequently focuses on just
the best of the studies that consider variations in’
class size across individual classrooms.

Table 1 summarizes the available results for esti-
mates of the effects of teacher-pupil ratios on stu-
dent outcomes. The top row of the table shows that
only 15% of all studies find a positive and statisti-
cally significant relationship between teacher in-
tensity and student performance—the expected
result if class size systematically matters. Even
though conventional wisdom suggests that increas-
ing the teacher-student ratio should have a posi-
tive effect on student performance, 13% of all stud-
ies show negative and statistically significant re-
lationships with student performance. Ignoring the
statistical significance, or the confidence that we
have that there is any true relationship, we find
that the estimates are almost equally divided be-
tween those suggesting that small classes are bet-
ter and those suggesting that they are worse.' This
distribution of results, symmetrically distributed
about a zero effect, is what one would expect if
there were no systematic relationship between class
size and student performance. Fully 85% of the

TABLE 1
Percentage Distribution of Estimated Influence of Teacher-Pupil Ratio on Student Performance,
by Level of Schooling
Statistically significant Statistically insignificant

No. of Positive Negative Positive Negative Unknown
School level estimates (%) (%) (%) (%) sign (%)
All schools 277 15 13 27 25 20
Elementary schools 136 13 20 25 20 23
Secondary schools 141 17 7 28 31 17

Note. A positive sign implies that smaller classes enhance student performance.
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studies suggest either that fewer teachers per stu-
dent are better (i.e., yield negative estimates) or
that there is less confidence than usually required
that there is any relationship at all (i.e., the effects
are statistically insignificant).

Some people have suggested that the effect of
class size may differ by point in the schooling pro-
cess (including the interpretation of the STAR study
discussed subsequently). To consider this possi-
bility, the overall estimates of the effects of teacher-
pupil ratios are divided into elementary and sec-
ondary schools. As Table 1 shows, there is little
difference between the estimated effects in elemen-
tary and in secondary schools, but, if anything,
there is less support for increasing teacher-pupil
ratios at the elementary level. For elementary
schools, more estimated effects (both for all stud-
ies and for ones with statistically significant esti-
mates) are negative as opposed to positive (i.e.,
indicating that smaller classes are worse). There
are, nonetheless, too few studies to permit looking
at individual grades as opposed to all elementary
grades combined.

With these data, it is also possible to address
explicitly the distinction between pupil-teacher
ratios and class size. As discussed earlier, while
these two concepts differ, they are highly related.
The overall estimates previously summarized con-
tain a mixture of studies that explicitly measure
class size and those that contain aggregate mea-
sures of teacher-pupil ratios for a school, district,
or state. In fact, studies that investigate performance
within individual classrooms invariably measure
class size, while those at higher levels of aggrega-
tion most often measure average teacher-pupil ra-
tios. In particular, studies that are highly aggre-
gated, such as those investigating performance
across entire districts or entire states, are almost
always forced to consider just the overall teacher-
pupil ratio.”

TABLE 2

The issue of measuring actual class size, as op-
posed to only the teacher-pupil ratio, can be ex-
plicitly considered by focusing on just studies that
analyze actual class size. Furthermore, by restrict-
ing attention to the best of the studies—those esti-
mating value-added models for individual stu-
dents—the effects of other potential problems with
the estimation can be minimized.' Table 2 pro-
vides a summary of value-added results, both for
all 78 separate estimates of class size effects and
for the 23 estimates that come from samples in a
single state. Clearly, the number of these estimates
is very much reduced from the overall set that is
available, and thus any conclusions are subject to
more uncertainty simply as a result of the limited
number of underlying investigations. The restric-
tion to samples within single states corrects for
differences in state school policies to avoid the
biases previously discussed (cf. Hanushek, Rivkin,
& Taylor, 1996). Because of the superiority of these
analyses, each study deserves more weight than
one of the general studies reviewed previously.

The more refined results in Table 2 provide little
reason to believe that smaller classes systemati-
cally lead to improvements in student achieve-
ment. Of the best available studies (single-state,
value-added studies of individual classroom
achievement), only 1 of 23 (4%) shows smaller
classes to have a statistically significant positive
effect on student performance. More studies actu-
ally suggest that small classes are harmful.

The econometric evidence as a whole gives little
support to the idea that smaller classes will lead to
general improvements in performance. The avail-
able studies observe the effects of class size over a
broad range (roughly 15 to 40 students per class)
and, within that range, show little consistency of
effects. There are of course a number of individual
studies that suggest small classes are better (see
Table 1), but there is no reason to put more weight

Percentage Distribution of Effect of Class Size on Student Performance, Based on Value-Added Models of

Individual Student Performance

Statistically significant Statistically insignificant
No. of Positive Negative Positive Negative Unknown
Universe of studies estimates (%) (%) (%) (%) sign (%)
All value-added studies 78 12 8 21 26 35
Value-added studies within
asingle state 23 4 13 30 39 13

Note. A positive sign implies that smaller classes enhance student performance.
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on these than on the almost similar number of stud-
ies finding the opposite. In fact, when Table 2 re-
stricts the results to those with the best analytical
design, the support for gains from small classes
actually falls.

Most of the econometric studies do not directly
address the underlying mechanism for establish-
ing small and large classes. If, for example, a school
district used a subjective method of assigning
“weaker” students to small classes and “stronger”
students to large classes, the econometric methods
might not provide an accurate assessment of the
direct, causal influence of class size. This problem
arises only when decisions are made on the basis
of unmeasured student characteristics. If, for ex-
ample, students are assigned to specific classes on
the basis of their early test scores and if these test
scores are controlled for in the econometric analy-
sis as in the value-added estimation, such prob-
lems do not arise. The statistical analysis of Texas
schools by Rivkin, Hanushek, and Kain (1998)
also goes further by incorporating an econometric
approach to deal with any remaining selection
concerns. That analysis allows for individual stu-
dent fixed effects in terms of achievement growth,
virtually ruling out the hypothesized selection ef-
fects. Other studies have explicitly considered ex-
ogenous factors affecting class size within the con-
text of instrumental variable estimators for the ef-
fects of class size: Akerhielm (1995) and Boozer
and Rouse (1995) for a national sample of schools
(National Education Longitudinal Study of 1988
[NELS8S8]), Hoxby (1998) for schooling in Con-
necticut, and Angrist and Lavy (1999) for school-
ing in Israel. These studies provide no clear con-
clusions about the impact of class size, and their
generalizability to all U.S. schools is unclear.

It is possible that detection of small effects of
class size is difficult in a number of these studies.
With small sample sizes or correlations of small
classes with a variety of other teacher, school, and
family influences on learning, the statistical meth-
ods may not be powerful enough to identify reli-
ably an effect, even when the effect exists (cf.
Krueger, 1997). Some support for this hypothesis
is found in Rivkin et al. (1998). When very large
samples of Texas students (more than 500,000 re-
peated observations across 3,000 schools) are used,
small positive effects of reduced classes can be
detected for low-income students in earlier grades.
But, as discussed later, small effects are small. While
the focus of attention has turned to an issue of
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whether there are any effects, the policy discussion
must also consider whether or not these effects are
sufficiently large to justify the large expenditure
needed to reduce overall class sizes.

In summary, the extensive statistical investiga-
tions of differences in teacher intensity and class
size provide no consistent or clear indication that
overall class size reductions will lead to improved
student performance. The best studies that con-
centrate on differences in performance across indi-
vidual classrooms with varying numbers of stu-
dents and that separate out other possible influ-
ences on student performance offer no support
whatsoever for general gains in achievement
through class size policies.

Project STAR

The prior evidence comes from analyses of data
generated naturally by the operations of schools.
Inferences about the effect of altered class size rely
on statistical adjustments for factors other than class
size that might affect student performance. The
primary alternative to these approaches is the use
of random-assignment experimentation. Random-
assignment experiments in principle have consid-
erable appeal, and there is a powerful case for more
extensive use of this approach. The underlying
idea is that we can obtain valid evidence about the
impact of a given well-defined treatment by ran-
domly assigning subjects to treatment and control
groups, eliminating the possible contaminating
effects of other factors and permitting conceptu-
ally cleaner analysis of the outcomes of interest
across these groups. Randomized trials have been
employed extensively and productively in medi-
cal research. With observations derived from natu-
ral variations in individual selection, one must be
able to distinguish between the treatment and other
differences in patients and doctors that might di-
rectly affect the outcomes and that might be re-
lated to whether or not the treatment is received.
The random assignment is employed to circum-
vent problems of otherwise having to measure and
model all of the various factors that might affect
outcomes in addition to the treatment. Random-
ization seeks to eliminate any relationship between
selection into a treatment program and other fac-
tors that might affect outcomes.

The ultimate appeal (and validity) of any ex-
perimental results nonetheless depends crucially
on design and implementation. There is no dis-
pute that high-quality random-assignment experi-
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ments offer the potential for dramatically expand-
ing our knowledge of effective policies in schools,
and an argument can be made that we continue to
invest too little in such experiments (cf. Hanushek
& Associates, 1994). But even medical experiments
with well-designed protocols and well-defined
treatment programs frequently require more than
one set of clinical trials to ensure valid and reliable
results. Social experiments, which tend to be much
more complex, are very difficult to design and
implement, making it even less likely that a single
trial will provide definitive answers.

Much of the recent debate on class size policy
has focused on the results from the Tennessee class
size experiment of the mid-1980s. This experiment,
mandated by the Tennessee legislature, has been
used to justify the class size reduction programs in
California and in a variety of states emulating Cali-
fornia since 1996, as well as to motivate the fed-
eral debates. Some have suggested explicitly or
implicitly that this one experiment, with its supe-
rior analytical design, supersedes all of the results
from nonexperimental analyses reported earlier.
Unfortunately, because the underlying data from
the experiment have not been widely available,
little of the discussion considers the details of the
design and implementation of Project STAR.

Two central themes run through the discussion
here. First, closer attention to the details of the
STAR experiment points to considerable uncer-
tainty about the results. Second, even ignoring that
uncertainty, the evidence does not provide strong
support for the policy proposals currently being
discussed.

Issues of Design and Implementation

This discussion concentrates on a few key is-
sues in the design and implementation of the STAR
program. The design of the experiment and its his-
tory are described elsewhere (see, for example,
Mosteller, 1995; Word et al., 1990) and are not
discussed here except as relevant to the interpreta-
tion of the results.

The ideal experiment would randomly assign a
large group of students and a large group of teach-
ers to different class size treatments. These students
would be followed over time, and their achieve-
ment would be recorded. Variations in the grade
level of treatment, in the number of grades in which
students were assigned to different class sizes, and
in the amount of teacher training would provide
additional information about key aspects of po-
tential class size reduction programs. Project STAR
had some but not all of these design features and
included a series of implementation problems that
introduce uncertainty about the interpretation of
any of its results. The experiment was designed to
begin with kindergarten students and to follow
them for 4 years. Three treatments were initially
included: small classes (13-17 students), regular
classes (22-25 students), and regular classes (22~
25 students) with a teacher’s aide. Schools were
solicited for participation, with the stipulation that
any school participating must be large enough to
have at least one class in each treatment group.

Table 3 displays some key elements of the
samples that were constructed for the experiment.
The initial sample included 6,324 kindergarten

TABLE 3
Project STAR Sample Sizes, by Treatment Group and Grade
Grade level
K 1 2 3
Total students 6,324 6,829 6,840 6,802
In experiment in prior years 0 4,515 5,049 5,413
New to experiment 6,324 2,314 1,791 1,389
Students in small class treatment 1,900 1,925 2,016 2,174
In experiment in prior years 0 1,540 1,627 1,771
In regular class treatment previous year 0 248 192 207
New to experiment 1,900 385 389 403
Students in regular class treatment 4,424 4,904 4,824 4,628
In experiment in prior years 0 2,975 3,422 3,642
In small class treatment previous year 0 108 47 72
New to experiment 4,424 1,929 1,402 986
Number of schools 79 76 75 75
Number of teachers 326 339 339 335
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students. These students were split between 1,900
in small classes and 4,424 in regular classes. (For
most of this discussion, the two separate regular
class treatment groups are aggregated together. After
the first year, these treatments were effectively com-
bined.) For subsequent grades of the experiment,
slightly larger sample sizes—around 6,800—were
maintained. The published sample sizes reported
for the analysis are frequently smaller, reflecting
the fact that 3%—12% of students in any year did
not have valid test scores. The initial sample in-
cluded 79 schools, although this subsequently fell
to 75. The initial group of 326 teachers grew slightly
to reflect the increased sample size in subsequent
grades, although of course most teachers were new
to the experiment at each new grade.

In each year of the experiment, there was sizable
attrition from the prior year’s treatment groups, and
these students were replaced with new students. In
first grade, 2,314 new students were added; in sec-
ond grade, 1,791 new students were added; and, in
third grade, 1,389 new students were added. Of the
initial experimental group starting in kindergar-
ten, 48% remained in the experiment for the entire
four years.

Randomization. A key element for the entire re-
search design is that students in experimental
schools are randomly assigned across treatment
groups. With large samples and random assign-
ment, the difference in performance between stu-
dents in two treatment groups is frequently pre-
sumed to reflect the causal impact of those treat-
ments. It is, however, very difficult to verify the
randomization in the STAR experiment. Even with
a random-assignment design, it is useful to assess
the assignment outcomes in terms of differences
across treatment groups in measurable aspects. For
this experiment, the largest concerns would arise
from differences in entering achievement levels,
but such verification is not possible in the Tennes-
see experiment because no pretest of achievement
was given to the students. While this is explicable
in the kindergarten sample, given the difficulty of
testing at very young ages, it is less easy to under-
stand in the subsequent years of the study. During
the course of the study, 5,276 new students were
added in the later grades, but none were given pre-
tests at their enrollment in the experiment even
though appropriate tests were available through
the experiment itself.

Students entering the experiment in the first grade
as opposed to kindergarten have noticeably lower
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performance at the end of the first grade. This find-
ing is, however, complicated by the fact that kin-
dergarten attendance was not compulsory in Ten-
nessee at the time of the experiment, so many en-
tering in the first grade probably did not have kin-
dergarten.'” Presuming that new samples are ap-
propriately randomized across treatment groups,
the addition of new experimental subjects still
complicates the interpretation, largely because of
unknown treatments in prior years. If, for example,
class size reductions were to have a cumulative
effect on student performance, it would be diffi-
cult to ascertain the full effect of reduced K-3
classes without knowledge of the new students’
prior schooling experiences (unless prior achieve-
ment measures were also available so that value-
added estimates could provide information about
the specific experimental small classes).

Krueger (1997) considers whether the new ex-
perimental subjects in each grade were significantly
different across treatment groups for measurable
attributes (race, free-lunch status, age, and attrition
rates). There are significant overall differences by
race, but the statistical significance disappears if
school effects are first removed. Significant differ-
ences in attrition rates exist in the earlier grades,
even within schools (as described later).

The issue of randomness also has two other po-
tentially important dimensions. First, the schools
in the experiment are not random. As noted, they
had to volunteer to participate, and they had to be
large enough to accommodate at least three classes
in each grade." This sample selection has implica-
tions for the population to which any results can
be generalized. Given the description of the schools
that is available, it is not possible to provide any
detailed analysis of the experimental schools. On
simple grounds, however, the sample does differ
from the student population in the state: 33% of
the experimental students were Black, as compared
with 23% for public school students in Tennessee
in fall 1986.” Note also that the schools in the
sample do change over the experiment, with four
schools not remaining in the experiment for the
full 4 years. The reasons for their withdrawal are
not reported.

The sampling of schools is especially important
if, as has been suggested, class size has a differen-
tial effect on students. Specifically, if low income
or minority students are more sensitive to varia-
tions in class size, any overall estimates of the av-
erage effects of class size will depend upon the
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sample weighting of the relevant subpopulations.
This problem exists even when (appropriately) the
analysis of treatment effects is conducted within
individual schools (e.g., as in Krueger, 1997).

Second, and most important, the results depend
fundamentally on the choice of teachers. While
the teachers were to be randomly assigned to treat-
ment groups, there is little description of how this
was done. Nor is it easy to provide any reliable
analysis of the teacher assignment, because only a
few descriptors of teachers are found in the data
and because there is little reason to believe that
they adequately measure differences in teacher
quality.” Yet, the huge differences generally found
among teachers could dramatically influence the
results, implying that the reality of teacher assign-
ment is crucial. (A reasonable application of re-
duced class size policies would take into account
differences among teachers in making assignments,
but the policy application differs from the correct
design of an experiment that is attempting to un-
cover the average effects of an across-the-board
class size reduction.) Because of the ongoing need
to assign new teachers to the various treatment
groups across the 4 years, it seems entirely plau-
sible that elements of teacher and principal prefer-
ences for different classes entered.”

Krueger (1997) checks the randomness by as-
sessing whether the race, average experience, or
degree level of teachers differs by treatment group,
and he cannot reject similarity at the .05 level. He
interprets this as implying that teachers were ran-
domly assigned. These characteristics are, how-
ever, not very correlated with teacher quality, if at
all (Hanushek, 1997), and variations in overall
teacher quality have much larger effects than any
measurable teacher characteristics (Rivkin,
Hanushek, & Kain, 1998). If these measured char-
acteristics are orthogonal to teacher quality, di-
rectly assigning teachers to treatment groups on
the basis of quality would yield no correlation be-
tween treatment group and measured characteris-
tics. Therefore, the finding that treatment group
and these measured teacher characteristics are
uncorrelated is compatible with both random
teacher assignment and systematic assignment
based on (unmeasured) teacher quality, thus yield-
ing little information.

It is difficult to learn much about the distribu-
tion of teachers from just the data within this ex-
periment. At the same time, it would be valuable to
compare the teachers in this experiment with the

152

value-added estimates for individual teachers that
have been independently constructed for Tennes-
see (Sanders & Horn, 1995).2

Issues of random assignment introduce uncer-
tainties into the results that cannot be sufficiently
resolved with the available data. The direction of
any bias that might result, however, cannot be
readily ascertained without more detailed data.

Possible sources of nonrandomness in imple-
mentation. The STAR experiment, as pointed out
by Mosteller (1995), is an extraordinarily impor-
tant event in educational research history. Without
doubt, more experimentation would also be valu-
able (cf. Hanushek & Associates, 1994). None of
the discussions should minimize the innovative
nature of the STAR experiment. At the same time,
it must be recognized that conducting such ex-
periments is very difficult. The end result often
differs significantly from the ideal, and this can
clearly affect the reliability and interpretation of
findings from an experiment. Such is the case with
the STAR experiment.

The clearest story of the sampling is the large
attrition of students at each grade in the experi-
ment. As noted, slightly less than half of the origi-
nal students in the experiment in kindergarten re-
mained in the experiment until the end of the third
grade. As Table 3 indicates, the 1-year attrition
rates are between 20% and 30% of the prior grade
samples. Some attrition is clearly to be expected in
any social experiment, but these rates of attrition
appear very high. Moreover, as found by Goldstein
and Blatchford (1998) and Krueger (1997), the at-
trition is not random. For example, Goldstein and
Blatchford show that those dropping out of the ex-
periment in the first grade had kindergarten achieve-
ment noticeably below average, and the differential
below average was larger for those who started in
regular classroom treatment groups in kindergarten
(-0.35 standard deviations in math and -0.33 stan-
dard deviations in reading) than for those in the
small kindergarten classroom treatment group (-0.25
standard deviations in math and -0.17 standard de-
viations in reading).? My calculations of perfor-
mance gaps indicate that the difference between
those leaving and those staying is even larger for
the last year of the experiment. The calculation of
simple treatment effects throughout the experiment
can be adjusted for some of the observed attrition,
but such adjustments necessarily rest on a number
of strong but untestable assumptions.

Another potentially serious introduction of
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TABLE 4
Test Taking in Project STAR, by Treatment Group and Grade
Grade level
K 1 2 3
n % n % n % n %

Total students 6,324 6,829 6,840 6,802

No score on reading test 536 8.5 434 6.4 763 11.2 802 11.8

No score on math test 454 7.2 231 34 775 113 725 107
Students in small class treatment 1,900 1,925 2,016 2,174

No score on reading test 161 8.5 102 53 222 110 259 119

No score on math test 138 73 58 3.0 227 112 236 109
Students in regular class treatment 4,424 4,904 4,824 4,628

No score on reading test 375 85 332 6.8 541 112 543 117

No score on math test 316 7.1 173 35 548 114 489 106

nonrandomness arises from significant movement
between treatment groups through the course of
the experiment: unplanned, nonrandom “treatment
crossover.” As seen in Table 3, the gross flows were
substantially larger for movement from regular to
small classes than for the reverse—suggesting that
principals responded to pressure from parents to
get their children into the small classes. For Grades
1-3, between 9% and 12% of the students in the
small classes had been in regular classes during
the prior year; only 1%-2% of the students in regu-
lar classes had been in small classes during the
prior year.* If the treatment crossover were ran-
dom, any estimates of the cumulative effects of
class size would tend to be lessened, because the
treatment and control groups are not receiving
completely distinct schooling programs over time.
The experimental analysis (Word et al., 1990) in-
dicates nonetheless that the crossover decisions
were not random. For analytical purposes, these
students who switch treatment groups in the middle
of the experiment can be retained in the group to
which they were initially assigned (cf. Krueger,
1997), but again the experiment as implemented
is getting farther from the ideal.

Table 4 displays information about rates of test
taking within the experiment. Large numbers of
students in the experiment did not take the tests in
each year (3%—12% across the test years). While
these losses of test information might appear rea-
sonable with absences, moves, and the like, the
available information suggests some treatment bias
in the lack of test taking. The rates of test taking
are very similar across treatment groups except for
Grade 1, where test taking in regular classes is no-

ticeably below that in small classes. For students
who were in the experiment for both kindergarten
and first grade, it is possible to compare kindergar-
ten scores for those who did and did not take the
first-grade test. For students in both small and regu-
lar classes, kindergarten achievement of those tak-
ing the first-grade test exceeds that of those not
taking it. Importantly, in math this differential score
by test-taking status is noticeably larger for stu-
dents in small kindergartens than for those in regu-
lar kindergartens, biasing the estimated treatment
effects upward.

Teacher expectations and reactions to the experi-
ment itself could also enter. Unlike medical experi-
ments, the assignment to treatment groups is not a
blind process. Instead, everybody in the school (and
probably in the homes) knows that the experiment
is happening, and many are likely to have prior
views about the efficacy of smaller classes. The re-
sults of the experiment could also have been rea-
sonably expected to have serious resource implica-
tions, given that it was mandated by the state legis-
lature to provide evidence for proposed policy ini-
tiatives. Teachers and principals could react to this,
in part by simply playing out their expectations
that students in the small classes should perform
better. This concern has an element of Hawthorne
effect in it, but it also includes more direct motiva-
tion and incentives of teachers and principals that
could bias the results of the different treatment
groups. The significant reassignment of students
across treatment groups with the predominant flow
from regular to small classes clearly indicates that
school personnel reacted to participant desires in
this nonblind experiment.
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In reviewing the implementation, it is clear that
there are serious compromises to the desired proto-
cols for the experiment. Yet, it is difficult to obtain
any precise estimates of the direction of many of
the biases, let alone of the magnitude of the vari-
ous problems. The important issue is whether any
of the nonrandomness is differentially associated
with treatment groups, so that simple estimates of
treatment effects would be biased. One clear effect
of these various factors is simply to elevate the
uncertainty surrounding any estimated effects, al-
though subsequent analysis also suggests that there
is an overall bias toward finding larger effects of
small classes.

Summary of STAR Results

The results of the STAR experiment have been
widely publicized. The simplest summary is found
inFigures 1 and 2. These plots provide the average
published performance in reading and math of stu-
dents in the small class and regular class treatment
groups for the four grade levels of the experiment.
The regular classes with and without an aide are
combined, because these two groups were virtu-
ally indistinguishable at the end of kindergarten
and students were quite freely transferred across
these two treatments in later grades (Word et al.,
1990). Both figures yield similar conclusions.

1. Students in small classes perform better than
those in regular classes or regular classes with aides
starting in kindergarten.

2. The kindergarten performance advantage of
small classes widens some in first grade but then
either remains quantitatively the same (reading) or
narrows (math) by third grade.

3. Taking each grade separately, the difference
in performance between small and regular classes
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is statistically significant.

These figures reflect the typical reporting of the
results, which focuses on the differences in perfor-
mance at each grade and concludes that small
classes are better than large (e.g., Finn & Achilles,
1990; Mosteller, 1995). These pictures also form
the key evidence that has been employed to jus-
tify state and federal incentive programs to reduce
class size.

But what is wrong with these pictures? First, they
ignore the questions of nonrandomness raised ear-
lier, since each grade comparison relies on the
tested students enrolled in the different treatment
groups each year. Second, the common interpreta-
tion of these ignores the fact that one would ex-
pect the differences in performance to become wider
through the grades because they continue to get
more resources (smaller classes), and that should
keep adding an advantage.® While there are dif-
ferent perspectives that can reconcile this finding,
the implication remains that a commensurate
policy would reduce just class size in kindergarten
and, possibly, first grade.?

Before discussing the implications of this analy-
sis, however, it is useful to recast the analysis in
terms of the nonrandomness issues brought out
earlier. Each of the issues of sample selection—
attrition, treatment reassignment, test taking, and
the like—is difficult to analyze completely. None-
theless, one simple and powerful comparison is
available. The overall year-by-year results can be
compared with the results that come from restrict-
ing the sample to those students who remained in
the sample for the entire 4 years. (As discussed,
this sample is roughly half of the total kindergar-
ten sample and somewhat more than one quarter of
all students observed during the full experiment.)



Consider what the comparison of estimated treat-
ment effects should look like between the annual
samples employed earlier and the 4-year sample if
any nonrandomness from attrition, retention in
grade, and sample additions is unrelated to treat-
ment group. In such a case where the implementa-
tion problems are innocuous vis-a-vis the analysis
of treatment effects, the average differences across
grades should be identical if class size reduction
has a one-time effect. If there is a cumulative effect,
the differences for the 4-year sample should be
increasingly larger than for the year-to-year sample,
because students in the 4-year sample have larger
average treatments.

Table 5 provides comparisons for the annual
samples and the 4-year sample of students. For these
comparisons, the reading and math scores have
been converted into z scores, so that the differ-
ences will indicate relative position in the distri-
bution of overall performance in each grade. The
annual samples, which correspond to the data in
Figures 1 and 2, show that the difference between
performance in class sizes of 22-25 and 13-17 is
0.17 standard deviations in both math and read-
ing. Students in small classes perform 0.12 stan-
dard deviations above the overall kindergarten
mean, and those in regular classes perform 0.05
standard deviations below the mean. Attrition from
the experiment is, however, concentrated in low-
performing students; ignoring treatment group, the
average student who remains in the experiment for
the full 4 years is 0.24 (0.26) standard deviations
above the kindergarten mean in reading (math).
The interesting issue, however, is the differential
impact on treatment groups: The kindergarten dif-
ferential for the 4-year sample is slightly larger
than that for the annual sample in both reading
(0.18) and math (0.19).

Figures 3 and 4 plot the estimated advantage of
small classes for the annual samples and for the 4-
year sample. The estimates show distinctly con-
trasting patterns of achievement differences. The
annual samples show both larger differences (pre-
sumably reflecting sample selection, differential
attrition, or differential test taking) and different
patterns over time. Over time, the differential ef-
fect of small versus regular classes appears to be
significantly less, especially at the end of third
grade, for those in the experiment all 4 years rela-
tive to the annual samples. Ceteris paribus, the
differential effect should be larger if there is a cu-
mulative effect of reduced class size and no treat-
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ment bias from the factors mentioned earlier.

Ignoring any possible initial biases in sampling
for the experiment, the results are consistent with a
one-time effect of smaller classes that either erodes
or can be made up for over time in regular classes.
One ambiguity exists, nonetheless. It could be that
the gains in performance obtained in kindergarten
would be expected to erode over time if further
small-class treatment is not maintained.” The ex-
perimental design did not call for investigation of
this possibility, which would be covered by ran-
domly placing some of the students in small kin-
dergartens back into regular classrooms at varying
later grades. (Note that there was some movement
across treatment cells, but this was not random,
and achievement differences generated by this
movement could well reflect characteristics other
than class size.) One insight is available from the
follow-on study to the Tennessee experiment. Stu-
dents in the STAR experiment during the third grade
were tracked in later grades—when the experiment
ended and only regular educational settings were
available. According to the sixth-grade report from
the Lasting Benefits Study (Nye, Zaharias, Fulton,
& Achilles, 1993), students previously in small
classrooms in STAR outperformed the students
previously in regular classrooms by 0.21 standard
deviations in reading and 0.16 standard deviations
in math. These differences are very close to those
for the third-grade annual sample reported in Table
5 (0.22 standard deviations and 0.18 standard de-
viations, respectively). Nonetheless, any results
from the reports of the Lasting Benefits Study
should be taken as highly tenuous, because the
investigators will not release their data and, as seen
with STAR, the sample definitions and analytical
decisions have large impacts.®

The important point is that the differential per-
formance across treatment groups is unaffected by
whether students are assigned to small classes
(Grades 1-3) or not (Grade 4 and later). Finn and
Achilles (this issue) transform test scores into esti-
mated grade equivalents, which they identify as
widening in later grades (i.e., the spread of grade
equivalents for any number of standard deviations
of test performance is larger as the grade level in-
creases). While this metric would make the lines in
Figures 1 and 2 fan out as grade level increases, it
does not remove the reality that the differences in
performance between small and large classes ap-
pear unaffected by whether or not added resources
are applied.
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TABLE 5
Test Performance (z-Scores) by Treatment Group, Grade, and Time in Experiment
Grade level
K 1 2 3
Annual Four-year Annual Four-year Annual Four-year Annual Four-year
sample? sample® sample? sample® sample? sample® sample? sample®
Reading
Small classes 0.12 0.38 0.17 0.41 0.14 0.34 0.15 0.32
Regular classes -0.05 0.19 -0.07 0.26 -0.06 0.23 -0.07 0.18
Difference* 0.17 0.18 0.23 0.15 0.20 0.11 0.22 0.14
Math
Small classes 0.12 0.40 0.19 0.44 0.13 0.32 0.12 0.29
Regular classes -0.05 0.20 -0.08 0.22 —0.06 0.20 -0.06 0.19
Difference® 0.17 0.19 0.26 0.22 0.19 0.13 0.18 0.10

* Includes all students tested in given grade.
® Includes only students who remained in the experiment through all 4 years.
¢ Adjusted for rounding of treatment means.
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Variation Across Schools

The STAR experiment was not a random selec-
tion of schools. The only randomization was across
students within selected schools. Therefore, it is
useful to ask, “How frequently is the small class
achievement above that in the other treatments?”?
If we look at kindergarten performance, where the
composition of students in the treatment groups
was clearest, we can compare performance directly.
There were 79 schools with kindergarten experi-
ments, and each had at least one small classroom,
one regular classroom, and one regular classroom
with a teacher’s aide. Comparing reading scores,
we see that the small classrooms outperformed both
the regular and regular with aide classrooms in 40
schools.*® While this is above the number that
would be expected if performance were completely
independent of class size, it also demonstrates that
other things are very important in determining
achievement.

The variations in performance within schools
highlight one of the most important issues. A vari-
ety of previous studies have demonstrated the large
performance differences across teachers. For ex-
ample, Rivkin et al. (1998) find that, even in in-
stances in which small effects can be obtained by
reducing class size, these typical effects will be
completely overshadowed by differences in teacher
quality. At this point, differential costs have not
been taken into account, but only if one presumes
that nothing can be done about teacher quality
would it make sense to ignore this differential im-
pact.

Conclusions About Research Design

The STAR experiment has received justified rec-
ognition for its importance in educational research.
The use of random-assignment experimentation
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deserves more attention in educational research. It
is an especially appropriate technique for the analy-
sis of well-defined treatments such as reduced class
size.

‘While random-assignment experiments such as
STAR appear expensive relative to other research
approaches, such comparisons are frequently in-
correctly made. First, because of the potential power
of random-assignment approaches, they offer the
possibility of much more reliable information than
other research designs about the effects of alterna-
tive policy. Thus, the correct standard for judging
different research approaches should be one that
standardizes for the quality of research outcomes.
Second, the appropriate comparison is often not
alternative research approaches but a full-blown
program. Here is where the comparison is easiest.
The STAR experiment cost $12 million, which
amounts to $16 million in 1996 prices. Compare
this with running a statewide class size reduction
program in California, which is currently costing
in excess of $1 billion per year for K-3 reductions
and, as the evidence tends to suggest, likely to be
generally ineffective.

The advantages of random-assignment method-
ology do not, however, imply that other evidence
has no value, particularly when there are signifi-
cant uncertainties in the experimental evidence.
Indeed, as discussed earlier, extensive investiga-
tions of the impact of reduced class sizes conducted
over along period of time have yielded strong and
consistent evidence. The STAR experiment, while
generally not contradicting the previous evidence,
had a series of implementation problems that in-
troduce ambiguity and uncertainty. It is difficult
to assess with any precision the impact of the vari-
ous sampling and selection issues that arise in
STAR. The evidence indicates that a number but
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not necessarily all of the resulting biases go in the
direction of inflating the calculated impact of class
size reductions. Thus, the evidence from the one
currently available experiment is hardly sufficient
to overturn that from different, nonexperimental
approaches.

Several issues arise that would be important in
any future experimentation with class size poli-
cies. First, simply replaying the problems with the
original Tennessee design, it would be valuable to
consider different magnitudes of class size reduc-
tions, to develop alternative treatments covering
the grade level of introduction of small classes and
the pattern by which individual students are in
small and regular classes, and to provide further
information about differences among the treatment
groups of students and teachers. Second, from the
implementation phase, it is clear that complicated
experiments such as STAR require more attention
to sampling, selection, and attrition issues. An im-
portant element of the work is maintaining the
experimental design throughout the study and not
permitting high levels of student or school inter-
ventions to counteract the randomization.

Without doubt, the decision to employ a ran-
dom-assignment experimental design to study
class size reductions was extremely innovative and
important. The fact that it is hard to do and hard to
derive definitive results, particularly in the initial
large-scale attempt, should not detract from its
importance as an underused research technique.
Conversely, its importance as a research methodol-
ogy should not lead to the conclusion that any
results from a study are definitive.

Conclusions About Policy

This article has concentrated on the limited task
of reviewing the evidence on whether or not there
is any systematic impact of reducing class sizes.
The surprising finding is that the evidence does
not offer much reason to expect a systematic effect
from overall class size reduction policies. This con-
clusion comes from both nonexperimental and ex-
perimental evidence.

The nonexperimental evidence has been gener-
ally understood as not supporting overall policies
of class size reduction. The broad array of ap-
proaches, with different methodologies and sources
of evidence, has provided a quite consistent mes-
sage that broad reductions in class size are un-
likely to produce significant improvements in stu-
dent achievement. The aggregate evidence
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sketched here indicates that beneficial effects can-
not be seen from the large increases in teacher in-
tensity that have occurred over the past three de-
cades. While some of the changes in overall pupil-
teacher ratios undoubtedly went into programmatic
additions that did not reduce the number of chil-
dren in the typical regular classroom, there is little
doubt that there were also broad reductions in class
sizes. From a different vantage point, the enormous
differences in teacher intensity observed interna-
tionally appear to have nothing to do with interna-
tional differences in math and science performance.
Finally, from yet another analytical perspective,
almost 300 econometric investigations of the de-
terminants of student achievement have failed to
provide any consistent evidence that higher
teacher-pupil ratios have a positive effect. When
disaggregated to the smaller set of high-quality
studies with detailed measures of class size within
individual classrooms, there is even less support
for general class size reduction policies.

In contrast, the experimental evidence from Ten-
nessee has been generally understood to strongly
support existing and proposed class size reduction
policies. Therefore, it is useful to review exactly
what can be inferred from the STAR experiment.
First, the evidence applies to a specific set of larger
elementary schools, and it is not known whether
there are larger populations to which it can be gen-
eralized.

Second, the evidence refers just to a very large
class size reduction that moves classes down con-
siderably below the levels mentioned in Califor-
nia or in recent policy proposals. While it might
appear reasonable simply to interpolate the results
for less aggressive reduction programs, the early
motivation for the STAR experiment was the con-
clusion of Glass and Smith (1979) that there was
little achievement effect until class sizes got down
to around 15 students. That analysis explicitly
identified a nonlinear relationship—one that would
suggest that policies of reducing class sizes to
around 20, as has been done in California, would
be expected to have little or no impact.

Third, the positive impacts of class size reduc-
tion appear limited to kindergarten and, possibly,
first grade. Specifically, the annual samples of STAR
data indicate no further impact on achievement of
class size reductions after the first grade. The 4-
year sample, which gets around a number (but not
all) of the selection problems, isolates just a kin-
dergarten effect.”



Fourth, the evidence casts considerable doubt
on the efficacy of teacher aides for permitting the
classroom teacher to provide more individualized
attention and thus for raising achievement. (This
evidence may also add to questions about the effi-
cacy of general class size reduction policies, be-
cause the addition of an adult aide would seem to
represent one kind of class size reduction.)

Fifth, the huge variation in effectiveness of small
class instruction, even in kindergarten, appears to
reflect underlying variation in teacher quality that
far exceeds any average effects of reduced class
size. It is only slightly better than an even bet from
the STAR data that the small class achievement
will exceed that of the regular and the regular with
aide classes in any of the sampled schools.

The evidence does not say that small classes
never matter. Nor does it say that small classes can
never be used to elevate achievement. To the con-
trary, one way of reading the econometric evidence
is that sometimes small classes are useful and other
times they are not. This also is a potential finding
of STAR, although it is difficult to identify any
specific circumstances in which small classes are
particularly effective. If there truly is a range of
effects, one of the real challenges of school man-
agement is figuring which students, teachers, or
subject matters may be most affected by reduced
class sizes and which would not be affected by
increased class sizes. One important example is
that disadvantaged students may be more sensi-
tive to variations in class size than are advantaged
students. This result is clear in Rivkin, Hanushek,
and Kain (1998) where class size variation has no
significant impact on students ineligible for free
or reduced-price lunch but has some impact (al-
though again small) on eligible students. Grissmer
et al. (1998) similarly suggest that Black students
are much more sensitive to reduced pupil-teacher
ratios than are White students. These examples in-
dicate that, if implemented, policy applications
must focus on strategic use of reduced class sizes.

Currently, however, the policy debate and the
prevailing management tendency are geared to re-
ducing classes across the board—typically on a
“fairness” argument as pertains to either students
or teachers. Redirecting attention to performance
seems to be an issue of getting the incentives in
schools correct so that teachers and school person-
nel are rewarded for improved student achieve-
ment (Hanushek & Associates, 1994).

The emphasis on whether or not there are any
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significant positive effects from class size reduc-
tions is also misleading from a policy viewpoint.
Class size reduction represents one of the most
costly reform policies actively discussed. Even if
there are positive effects, they must be sufficiently
large to justify the expenditure. Because of the
very small (if any) effects of general class size re-
duction policies that have been found, a thorough
analysis of costs and effectiveness relative to other
policies does not seem to be required here. It is
important, however, to remember costs when, as
the popular discussion sometimes introduces, the
argument is made that “even if we are unsure about
the size of any effects, we should proceed, because
surely reductions in class size could not hurt.”

It also appears that the ultimate effect of any
large-scale program to reduce class size will de-
pend much more importantly on the quality of
new teachers hired than on the effects of class size
reductions per se. Variations in teacher quality have
been shown to be extraordinarily important for stu-
dent achievement, and the econometric studies
providing such results indicate that these varia-
tions completely dominate any effects of altered
class size. Rivkin, Hanushek, and Kain (1998) dem-
onstrate that class size variation can explain just a
very small portion of the variation in student
achievement and that variations in teacher quality
are much more significant. Hanushek (1992), for
example, estimates variations in total teacher dif-
ferences (measured and unmeasured) and shows
that the differences in student achievement with a
good versus a bad teacher can be more than a whole
grade level of achievement within a single school
year. Thus, if new hires resulting from a class size
reduction policy are above the average quality of
existing teachers, average student performance is
likely to increase. If below, average student perfor-
mance is likely to fall with class size reductions.
From past experience, there is little reason to be-
lieve that the quality of new teachers will be sig-
nificantly different from that of existing teachers
unless incentives facing schools also change.* But
consideration of possible hiring outcomes does
speak to the assertion that “surely reductions in
class size could not hurt.”

Notes

Charles Achilles, Alan Krueger, and two referees pro-
vided helpful comments on an earlier version. The data
for the analysis were kindly provided by Helen Pate Bain,
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chair of HEROS, Inc. She of course bears no responsibil-
ity for the analysis here.

ISTAR is an acronym for Student/Teacher Achieve-
ment Ratio. The experiment, as described in Word et al.
(1990), covered kindergarten through third-grade classes
and was conducted during 1985-1989.

Detailed discussion of the evidence, along with a more
complete bibliography of studies, can be found in
Hanushek (in press).

3A longer time series can be constructed from the Scho-
lastic Aptitude Test (SAT), although using those datain-
troduces added interpretive issues. Average SAT scores
fell dramatically from the mid-1960s until the end of the
1970s, suggesting that the achievement picture in the
NAEP data neglects an earlier period of achievement falloff
and thus starts at alower level than historically achieved.
The voluntary nature of the SAT and the increase in the
proportion of high school seniors taking the test do intro-
duce uncertainties about the precise magnitude of any
change. The SAT is taken by a selective group of students
who wish to enter competitive colleges and universities.
As the proportion taking the test rises, so the hypothesis
goes, an increasingly lower achieving group will be drawn
into the test, leading to lower scores purely because of
changes in test taking. While the exact magnitude of any
such effects is uncertain, it seems clear that this change in
selectivity has caused some of the SAT decline but not all
of it (e.g., see Congressional Budget Office, 1986; Wirtz,
1977).

“Class sizes also differ dramatically within districts and
across states and districts at any point in time. In the
subsequent consideration of statistical analyses of student
performance, attention is given to these measurement is-
sues.

*The class size trends come from a National Education
Association survey of teachers that has been conducted
every 5 years since 1956. There is no information about
the sampling design, validity of the responses, or the
range of classroom situations included in this survey.

“Title I spending for compensatory education, which
began in the 1960s, would also affect class sizes and
teacher utilization for both compensatory and regular edu-
cation. Changes in class size from this source, however,
do not cause the same potential problems as any attribut-
able to special education. Title I students are regularly
tested, while a number of special education students are
not (see Note 7). Therefore, if smaller classes aid disad-
vantaged students (indeed, some suggest an even greater
impact for disadvantaged than for nondisadvantaged stu-
dents), any reductions in class size should show up di-
rectly in average student performance.

"While little evidence is available, it is frequently as-
serted that special education students do not get included
in tests and other measures of performance. Therefore, in
assessing performance, it would be appropriate to link
expenditure on regular-instruction students with their test
performance. On the performance side, however, if alarger
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proportion of students are identified as special education
students and if these are generally students who would
perform poorly on tests, the shift to increased special
education over time should lead to general increases in
test scores ceteris paribus. (States also vary in their inclu-
sion of special education students in state testing pro-
grams; see Hanushek, Kain, and Rivkin [1998].)

#This act, PL 94-142, is commonly identified as having
direct and significant effects on the cost and methods of
delivery of local education. See discussion and evaluation
in Singer and Butler (1987) and Monk (1990).

*These estimates are themselves subject to criticism.
They do not observe or measure differences in schools
but instead simply attribute unexplained residual differ-
ences in the predicted and observed trends to school fac-
tors. The statistical complications of this estimation are
likely to yield biased regression estimates, which in turn
would provide incorrect weights for the trends in family
backgrounds. Also, one must believe either that the fac-
tors identified are the true causal influences (cf. Mayer,
1997) or that they maintain a constant relationship with
the true causal influences.

1Test scores are reported in Beaton et al. (1996a, 1996b).
Primary pupil-teacher ratios for public and private schools
are found in Organization for Economic Co-operation
and Development (1996).

"The summary presented here describes all of the sepa-
rate estimates of the effects of resources on student per-
formance that could be found. For tabulation purposes, a
“study” is a separate estimate of the class size effectin a
published analysis of an educational production function.
The overall sample of studies and description of criteria
for inclusion can be found in Hanushek (1997). The en-
tire collection of production function estimates includes
90 individual publications with 377 separate estimates of
some resource parameter, from which the studies of teacher-
pupil ratios are extracted. While a large number of studies
were produced as a more or less immediate reaction to the
“Coleman Report,” half of the available studies have been
published since 1985.

Estimates of the effect of class size or pupil-teacher
ratios are reversed in sign to yield the effects of teacher-
pupil ratios, so that conventional wisdom would call for a
positive effect in the reported estimates. The distinction
between teacher-pupil ratios, pupil-teacher ratios, and class
size is taken up later.

"More details about the methodology and the available
studies can be found in Hanushek (1979, 1997). Some
controversy also exists about the best way to summarize
the results of different studies, but these issues have little
bearing on the discussions here; see Greenwald, Hedges,
and Laine (1996) and Hanushek (1996a, 1997). Other
discussions and controversies about the estimation strate-
gies can be found in Card and Krueger (1996); Heckman,
Layne-Farrar, and Todd (1996); and Hanushek (1996b).
The issues raised in those latter discussions, while rel-
evant to some of the considerations in this article, are very




technical and, in my opinion, do not affect the policy
conclusions here.

“Twenty percent of the studies do not report the sign
of any estimated relationship. Instead, they simply note
that the estimates were statistically insignificant.

15As described in Hanushek, Rivkin, and Taylor (1996),
the more aggregated analyses are subject to a series of
specification problems (independent of the measurement
issue considered here) that are exacerbated by the aggre-
gation of the analysis. In particular, the more aggregated
analyses leave out consideration of state-by-state differ-
ences in school policies, and this omission appears to bias
the results toward finding stronger effects of teacher-
pupil ratios and school resources in general.

'“One type of statistical investigation—that employing
avalue-added specification—is generally regarded as be-
ing conceptually superior and likely to provide the most
reliable estimates of education production functions. These
studies relate a student’s current performance to the
student’s performance at some prior time and to the school
and family inputs during this intervening time. The supe-
riority of this approach comes from the use of prior achieve-
ment to ameliorate any problems arising from missing
data about past school and family factors and from differ-
ences in innate abilities of students (Hanushek, 1979).

"Note that for students within the regular class treat-
ment group, the difference in average first-grade perfor-
mance by grade of entry into the experiment exceeds the
difference in average first-grade performance between
small and regular classes, perhaps indicating the impor-
tance of kindergarten.

%The initial applicant pool included 180 schools in 50
separate districts (out of 141). The final pool of schools,
spread by geographic type (inner city, urban, suburban,
and rural), was drawn from 42 districts (Word et al.,
1990). Schools were compensated for any extra teachers
or aides that needed to be hired but were responsible for
all remaining costs.

“From 1980 through 1995, Black elementary students
remained less than 24%, so the disparity cannot arise
from changing demographic patterns in Tennessee.

XThe teacher data include race, gender, teaching expe-
rience, highest degree, and position on the Tennessee ca-
reer ladder. While there is no information about the effect
of career ladder position on student performance, none of
the other measures have been found to be reliable indica-
tors of quality (Hanushek, 1997).

2See later discussion of student reassignment to small
classes, which provides some prima facie evidence of
actions that override the experimental design.

ZThe development of the full Tennessee Value-Added
Assessment System (TVAAS) came after the end of the
STAR experiment. Nonetheless, data on teachers remain-
ing in Tennessee schools after STAR could be analyzed
within TVAAS. In addition, some of the early model
development and early analysis of test scores (Sanders &
Horn, 1995) may also overlap with the experiment itself.
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BSome of the attrition may be due to retention in grade.
The impact on the experimental results of such explicit
selection out of the experiment would depend on whether
it was applied differentially across treatment groups. Large
retention in grade for regular class size students, for ex-
ample, would tend to bias the treatment results against
small class sizes.

Note that, since there are more students in regular
classrooms, the probabilities of arandom student leaving
atreatment group are more similar than the proportions in
the treatment crossover groups.

B A similar conclusion is reached by Prais (1996), who
frames the discussion in terms of the value added in each
grade but relies on just the published aggregate data.

%A discussion of alternative underlying learning mod-
els is found in Hanushek (in press). The most consistent
model suggests that there is a one-time gain from “learn-
ing how to do the business of school.” This motivates, for
example, the Krueger (1997) parameterization that esti-
mates a first-year effect and subsequent gains and is con-
sistent with simple value-added calculations of Prais
(1996).

ZSuch an expectation might come from common inter-
pretations of the falloff in gains observed in early evalua-
tions of the Head Start preschool program. The evidence
from preschool programs actually is quite varied in terms
of estimated effects, duration of programs, and research
methodology. See Barnett (1992) for a review and cri-
tique.

%The Lasting Benefits Study data, along with the
Project STAR data, are controlled by Barbara Nye, direc-
tor of the Center of Excellence for Research in Basic
Skills at Tennessee State University. Despite repeated re-
quests, the center has refused to release any of the data
about the Tennessee class size experiment even though
more than a decade has passed. The data for Project STAR
used here were kindly provided by Helen Pate Bain, an
original investigator no longer associated with the center.

#] thank Charles Achilles for suggesting this analysis
to me.

%In 19 cases, the advantage of the small class average
over the combined regular class average is statistically
significant. In 14 cases, the small class advantage over
both the regular and regular with aide classes is statisti-
cally significant.

*'These two conclusions may not be incompatible. The
annual samples introduced large numbers of new stu-
dents in the first grade who probably had not had any
kindergarten. If the effects are “first-year” effects, this
group would have a clear impact on the annual sample
data but not the 4-year sample. See also Krueger (1997).

®Under some circumstances, such as the large unex-
pected hiring from the California class size reductions in
1996, one might expect the average quality to fall. In
general, however, there is no shortage of trained teachers,
and the real issue is simply the selection from the substan-
tial pool of trained teachers not currently employed in the
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schools. See Ballou and Podgursky (1997) and Murnane,
Singer, Willett, Kemple, and Olsen (1991).

References

Akerhielm, K. (1995). Does class size matter? Econom-
ics of Education Review, 14,229-241.

Angrist, J. D., & Lavy, V. (1999). Using Maimondides’
rule to estimate the effect of class size on scholastic
achievement. Quarterly Journal of Economics, 114(2),
533-575.

Ballou, D., & Podgursky, M. (1997). Teacher pay and
teacher quality. Kalamazoo, MI: W. E. Upjohn Insti-
tute for Employment Research.

Barnett, W. S. (1992). Benefits of compensatory pre-
school education. Journal of Human Resources, 27,
279-312.

Beaton, A. E., Martin, M. O, Mullis, I. V. S., Gonzalez,
E. J., Smith, T. A., & Kelly, D. L. (1996a). Science
achievement in the middle school years: IEA’s Third
International Mathematics and Science Study (TIMSS).
Boston: Center for the Study of Testing, Evaluation,
and Educational Policy, Boston College.

Beaton, A. E., Mullis, I. V. S., Martin, M. O., Gonzalez,
E.J.,Kelly,D.L., & Smith, T. A. (1996b). Mathemat-
ics achievement in the middle school years: IEA’s
Third International Mathematics and Science Study
(TIMSS). Boston: Center for the Study of Testing,
Evaluation, and Educational Policy, Boston College.

Boozer, M., & Rouse, C. (1995). Intraschool variation in
class size: Patterns and implications. (Working Paper
No. 5144). Cambridge, MA: National Bureau of Eco-
nomic Research.

Card, D., & Krueger, A. B. (1996). School resources and
student outcomes: An overview of the literature and
new evidence from North and South Carolina. Journal
of Economic Perspectives, 10, 31-50.

Coleman, J. S., Campbell, E. Q., Hobson, C. J.,
McPartland, J., Mood, A. M., Weinfeld, F. D., & York,
R.L.(1966). Equality of educational opportunity. Wash-
ington, DC: U.S. Government Printing Office.

Congressional Budget Office. (1986). Trends in educa-
tional achievement. Washington, DC: Author.

Cook, M. D., & Evans, W. N. (1996). Families or schools?
Explaining the convergence in White and Black aca-
demic performance. Unpublished manuscript.

Finn, J. D., & Achilles, C. M. (1990). Answers and ques-
tions about class size: A statewide experiment. Ameri-
can Educational Research Journal, 27, 557-577.

Glass, G. V., & Smith, M. L. (1979). Meta-analysis of
research on class size and achievement. Educational
Evaluation and Policy Analysis, 1, 2-16.

Goldstein, H. & Blatchford, P. (1998). Class size and
educational achievement: A review of methodology
with particular reference to study design. British Edu-
cational Research Journal, 24, 255-268.

162

Greenwald, R., Hedges, L. V., & Laine, R. D. (1996). The
effect of school resources on student achievement. Re-
view of Educational Research, 66, 361-396.

Grissmer, D., Flanagan, A., & Williamson, S. (1998).
Why did the Black-White score gap narrow in the
1970s and 1980s? In C. Jencks & M. Philllips (Eds.),
The Black-White test score gap (pp. 181-226). Wash-
ington, DC: Brookings Institution Press.

Grissmer, D. W., Kirby, S. N., Berends, M., &
Williamson, S. (1994). Student achievement and the
changing American family. Santa Monica, CA: Rand
Corporation.

Hanushek, E. A. (1979). Conceptual and empirical issues
in the estimation of educational production functions.
Journal of Human Resources, 14, 351-388.

Hanushek, E. A. (1992). The trade-off between child quan-
tity and quality. Journal of Political Economy, 100, 84—
117.

Hanushek, E. A. (1996a). Measuring investment in edu-
cation. Journal of Economic Perspectives, 10(4), 9—-
30.

Hanushek, E. A. (1996b). School resources and student
performance. In G. Burtless (Ed.), Does money mat-
ter? The effect of school resources on student achieve-
ment and adult success (pp. 43-73). Washington, DC:
Brookings Institution.

Hanushek, E. A. (1997). Assessing the effects of school
resources on student performance: An update. Educa-
tional Evaluation and Policy Analysis, 19, 141-164.

Hanushek, E. A. (in press). The evidence on class size. In
S. E. Mayer & P. Peterson (Eds.), Earning and learn-
ing: How schools matter. Washington, DC: Brookings
Institution.

Hanushek, E. A., & Associates. (1994). Making schools
work: Improving performance and controlling costs.
Washington, DC: Brookings Institution.

Hanushek, E. A,, Kain, J. F,, & Rivkin, S. G. (1998).
Does special education raise academic achievement
Jor students with disabilities? (Working Paper No.
6690). Cambridge, MA: National Bureau of Economic
Research.

Hanushek, E. A., & Kim, D. (1996). Schooling, labor
force quality, and economic growth (Working Paper
No. 5399). Cambridge, MA: National Bureau of Eco-
nomic Research.

Hanushek, E. A., & Rivkin, S. G. (1997). Understanding
the twentieth-century growth in U.S. school spending.
Journal of Human Resources, 32, 35-68.

Hanushek, E. A, Rivkin, S. G., & Taylor, L. L. (1996).
Aggregation and the estimated effects of school re-
sources. Review of Economics and Statistics, 78, 611—
627.

Heckman, J. S., Layne-Farrar, A., Todd, P. (1996). Does
measured school quality really matter? An examination
of the earnings-quality relationship. In G. Burtless (Ed.),
Does money matter? The effect of school resources on
student achievement and adult success (pp. 192-289).



Washington, DC: Brookings Institution.

Hoxby, C. M. (1998). The effects of class size and com-
position on student achievement: New evidence from
natural population variation (Working Paper No.
6869). Cambridge, MA: National Bureau of Economic
Research.

Krueger, A. B. (1997). Experimental estimates of educa-
tion production functions (Working Paper No. 6051).
Cambridge, MA: National Bureau of Economic Re-
search.

Lewit, E. M., & Baker, L. S. (1997). Class size. The
Future of Children, 7, 112-121.

Mayer, S. E. (1997). What money can’t buy: Family in-
come and children’s life chances. Cambridge, MA:
Harvard University Press.

Monk, D. H. (1990). Educational finance: An economic
approach. New York: McGraw-Hill.

Mosteller, F. (1995). The Tennessee study of class size in
the early school grades. The Future of Childrem, 5,
113-127.

Murnane, R. J., Singer, J. D., Willett, J. B., Kemple, J. J.,
& Olsen, R. J. (1991). Who will teach? Cambridge,
MA: Harvard University Press.

Nye, B. A., Zaharias, J. B., Fulton, B. D., & Achilles, C.
M. (1993). The Lasting Benefits study: A continuing
analysis of the effect of small class size in kindergarten
through third grade on student achievement test scores
in subsequent grade levels: Sixth grade technical re-
port. Nashville: Center of Excellence for Research in
Basic Skills, Tennessee State University.

Organization for Economic Co-operation and Develop-
ment. (1996). Education at a glance: OECD indica-
tors. Paris: Author.

Prais, S. J. (1996). Class-size and learning: The Tennes-
see experiment—What follows? Oxford Review of Edu-
cation, 22, 399-414.

Rivkin, S. G., Hanushek, E. A, & Kain, J. E (1998).
Teachers, schools, and academic achievement. (Work-
ing Paper No. 6691). Cambridge, MA: National Bu-
reau of Economic Research.

Findings From an Independent Investigation

Sanders, W. L., & Homn, S. P. (1995). The Tennessee
Value-Added Assessment System (TVAAS): Mixed
model methodology in educational assessment. In A. J.
Shinkfield & D. L. Stufflebeam (Eds.), Teacher evalu-
ation: Guide to effective practice (pp. 337-376). Bos-
ton: Kluwer Academic.

Singer, J. D., & Butler, J. A. (1987). The Education for
All Handicapped Children Act: Schools as agents of
social reform. Harvard Educational Review, 57, 125—
152.

Stevenson, H. W., & Stigler, J. W. (1992). The learning
gap: Why our schools are failing and what we can
learn from Japanese and Chinese education. New York:
Summit Books.

U.S. Department of Education. (1997). Digest of educa-
tion statistics. Washington, DC: National Center for
Education Statistics.

Wirtz, W. (1977). On further examination: Report of the
advisory panel and the Scholastic Aptitude Test score
decline. New York: College Entrance Examination
Board.

Word, E., Johnston, J., Bain, H. P,, Fulton, B. D., Zaharias,
J. B.,Lintz, M. N., Achilles, C. M., Folger, J., & Breda,
C. (1990). Student/Teacher Achievement Ratio (STAR),
Tennessee’s K-3 class size study: Final summary re-
port, 1985-1990. Nashville: Tennessee State Depart-
ment of Education.

Author

ERIC A. HANUSHEK is a professor of economics
and public policy at Wallis Institute of Political Economy
and Department of Economics, University of Rochester,
Harkness Hall 108, Rochester, NY 14627-0158. He spe-
cializes in public finance and education policy.

Manuscript received January 15, 1999
Revisions received February 16, 1999
Accepted February 17, 1999

163




http://www.jstor.org

LINKED CITATIONS
-Pagelof5-

You have printed the following article:

Some Findings from an Independent Investigation of the Tennessee STAR Experiment and
from Other Investigations of Class Size Effects

Eric A. Hanushek

Educational Evaluation and Policy Analysis, Vol. 21, No. 2, Specia Issue: Class Size: Issues and
New Findings. (Summer, 1999), pp. 143-163.

Stable URL:

http://links.jstor.org/sici 2sici=0162-3737%28199922%2921%63A 2%63C143%3A SFFA11 %63E2.0.C0%3B2-S

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

Notes

"' Assessing the Effects of School Resour ces on Student Performance: An Update

Eric A. Hanushek

Educational Evaluation and Policy Analysis, Val. 19, No. 2. (Summer, 1997), pp. 141-164.
Stable URL:

http://linksjstor.org/sici ?sici=0162-3737%28199722%2919%3A 2%63C141%3AA TEOSR%3E2.0.CO%3B2-3

“ Conceptual and Empirical Issuesin the Estimation of Educational Production Functions
Eric A. Hanushek

The Journal of Human Resources, Vol. 14, No. 3. (Summer, 1979), pp. 351-388.
Stable URL:

http://links.jstor.org/sici?sici=0022-166X %28197922%2914%3A 3%3C351%3A CAEI T%3E2.0.CO0%3B2-H

 Assessing the Effects of School Resour ces on Student Performance: An Update

Eric A. Hanushek
Educational Evaluation and Policy Analysis, Val. 19, No. 2. (Summer, 1997), pp. 141-164.
Stable URL:

http://links.jstor.org/sici ?sici=0162-3737%28199722%2919%3A 2%3C141%3AATEOSR%3E2.0.CO%3B2-3

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0162-3737%28199922%2921%3A2%3C143%3ASFFAII%3E2.0.CO%3B2-S&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0162-3737%28199722%2919%3A2%3C141%3AATEOSR%3E2.0.CO%3B2-3&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-166X%28197922%2914%3A3%3C351%3ACAEIIT%3E2.0.CO%3B2-H&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0162-3737%28199722%2919%3A2%3C141%3AATEOSR%3E2.0.CO%3B2-3&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page2of 5 -

13

The Effect of School Resour ces on Student Achievement

Rob Greenwald; Larry V. Hedges; Richard D. Laine

Review of Educational Research, Vol. 66, No. 3. (Autumn, 1996), pp. 361-396.
Stable URL:

http://linksjstor.org/sici ?sici=0034-6543%28199623%2966%3A 3%3C361%63A TEOSRO%3E2.0.CO%3B2-R

“Measuring I nvestment in Education

Eric A. Hanushek

The Journal of Economic Perspectives, Vol. 10, No. 4. (Autumn, 1996), pp. 9-30.
Stable URL:

http://links.jstor.org/sici ?sici=0895-3309%28199623%2910%3A 4%3C9%3AM I E%3E2.0.CO%3B2-1

" Assessing the Effects of School Resour ces on Student Performance: An Update

Eric A. Hanushek

Educational Evaluation and Policy Analysis, Vol. 19, No. 2. (Summer, 1997), pp. 141-164.
Stable URL:

http:/links.jstor.org/sici 2si ci=0162-3737%28199722%2919%3A 2%63C141%3A ATEOSR%3E2.0.CO%3B2-3

**School Resour ces and Student Outcomes: An Overview of the Literature and New Evidence
from North and South Carolina

David Card; Alan B. Krueger

The Journal of Economic Perspectives, Vol. 10, No. 4. (Autumn, 1996), pp. 31-50.

Stable URL :

http://links.jstor.org/si ci 2sici=0895-3309%28199623%2910%3A 4%3C31%3A SRA SOA %3E2.0.CO%3B2-L

" Aggregation and the Estimated Effects of School Resour ces

Eric A. Hanushek; Steven G. Rivkin; Lori L. Taylor

The Review of Economics and Satistics, Vol. 78, No. 4. (Nov., 1996), pp. 611-627.
Stable URL:

http:/links.jstor.org/sici 2si ci=0034-6535%28199611%2978%63A 4%63C611%3AAATEEQ%3E2.0.CO%3B2-B

' Conceptual and Empirical Issuesin the Estimation of Educational Production Functions
Eric A. Hanushek

The Journal of Human Resources, Vol. 14, No. 3. (Summer, 1979), pp. 351-388.
Stable URL:

http://links.jstor.org/si i ?sici=0022-166X %28197922%2914%3A 3%3C351%3A CAEIl T%3E2.0.CO%3B2-H

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0034-6543%28199623%2966%3A3%3C361%3ATEOSRO%3E2.0.CO%3B2-R&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0895-3309%28199623%2910%3A4%3C9%3AMIIE%3E2.0.CO%3B2-1&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0162-3737%28199722%2919%3A2%3C141%3AATEOSR%3E2.0.CO%3B2-3&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0895-3309%28199623%2910%3A4%3C31%3ASRASOA%3E2.0.CO%3B2-L&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6535%28199611%2978%3A4%3C611%3AAATEEO%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-166X%28197922%2914%3A3%3C351%3ACAEIIT%3E2.0.CO%3B2-H&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
-Page3of5-

 Assessing the Effects of School Resour ces on Student Performance: An Update

Eric A. Hanushek

Educational Evaluation and Policy Analysis, Vol. 19, No. 2. (Summer, 1997), pp. 141-164.
Stable URL:

http:/links.jstor.org/sici 25 ci=0162-3737%28199722%2919%3A 2%63C141%3A ATEOSR%3E2.0.CO%3B2-3

*Class-Size and Learning: The Tennessee Experiment--What Follows?

S. J. Prais

Oxford Review of Education, Vol. 22, No. 4. (Dec., 1996), pp. 399-414.

Stable URL:

http://links.jstor.org/sici 2si Gi=0305-4985%28199612062922963A 4%3C399%63A CAL TTE%3E2.0.CO%3B2-S

“Class-Size and L earning: The Tennessee Experiment--What Follows?

S. J. Prais

Oxford Review of Education, Vol. 22, No. 4. (Dec., 1996), pp. 399-414.

Stable URL:

http://linksstor.org/sici 2sici=0305-4985%628199612062922963A 4%3C399%3A CAL TTE%3E2.0.CO%3B2-S

' Benefits of Compensatory Preschool Education
W. Steven Barnett

The Journal of Human Resources, Vol. 27, No. 2. (Spring, 1992), pp. 279-312.
Stable URL:
http:/links.jstor.org/sici 2si ci=0022- 166X %28199221%2927%3A 2%3C279%3ABOCPE%3E2.0.CO%3B2-N

References

Using Maimonides Ruleto Estimate the Effect of Class Size on Scholastic Achievement
Joshua D. Angrist; Victor Lavy

The Quarterly Journal of Economics, Vol. 114, No. 2. (May, 1999), pp. 533-575.
Stable URL:

http://links.jstor.org/sici?sici=0033-5533%28199905%29114%3A 2%3C533%3A UMRTET%3E2.0.CO%3B2-3

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0162-3737%28199722%2919%3A2%3C141%3AATEOSR%3E2.0.CO%3B2-3&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0305-4985%28199612%2922%3A4%3C399%3ACALTTE%3E2.0.CO%3B2-S&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0305-4985%28199612%2922%3A4%3C399%3ACALTTE%3E2.0.CO%3B2-S&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-166X%28199221%2927%3A2%3C279%3ABOCPE%3E2.0.CO%3B2-N&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0033-5533%28199905%29114%3A2%3C533%3AUMRTET%3E2.0.CO%3B2-3&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page4 of 5 -

Benefits of Compensatory Preschool Education
W. Steven Barnett

The Journal of Human Resources, Vol. 27, No. 2. (Spring, 1992), pp. 279-312.
Stable URL:
http:/links,jstor.org/sici 2sici=0022-166X %28199221%2927%3A 2%3C279%3ABOCPE%3E2.0.C0%3B2-N

School Resour ces and Student Outcomes. An Overview of the Literature and New Evidence
from North and South Carolina

David Card; Alan B. Krueger

The Journal of Economic Perspectives, Vol. 10, No. 4. (Autumn, 1996), pp. 31-50.

Stable URL:

http://links.jstor.org/si ci 2sici=0895-3309%28199623%2910%3A 4%3C31%3A SRA SOA %3E2.0.CO%3B2-L

Answer s and Questions about Class Size: A Statewide Experiment
Jeremy D. Finn; Charles M. Achilles

American Educational Research Journal, Vol. 27, No. 3. (Autumn, 1990), pp. 557-577.
Stable URL:
http://links,jstor.org/sici 2sici=0002-83129628199023%2927%3A 3%3C557%3AA A QA CS%3E2.0.CO%3B2-4

Class Size and Educational Achievement: A Review of Methodology with Particular Reference
to Study Design
Harvey Goldstein; Peter Blatchford

British Educational Research Journal, Vol. 24, No. 3. (Jun., 1998), pp. 255-268.
Stable URL:

http://links.jstor.org/sici ?sici=0141-1926%28199806%2924%3A 3%3C255%3A CSAEA A %3E2.0.CO%3B2-

The Effect of School Resour ces on Student Achievement
Rob Greenwald; Larry V. Hedges; Richard D. Laine

Review of Educational Research, Vol. 66, No. 3. (Autumn, 1996), pp. 361-396.
Stable URL:

http://links.jstor.org/sici?sici=0034-6543%28199623%2966%3A 3%3C361%3A TEOSRO%3E2.0.CO%3B2-R

Conceptual and Empirical Issuesin the Estimation of Educational Production Functions
Eric A. Hanushek

The Journal of Human Resources, Vol. 14, No. 3. (Summer, 1979), pp. 351-388.
Stable URL:

http://links.jstor.org/si i ?sici=0022- 166X %28197922%2914%3A 3%3C351%3A CAEI T%3E2.0.CO%3B2-H

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0022-166X%28199221%2927%3A2%3C279%3ABOCPE%3E2.0.CO%3B2-N&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0895-3309%28199623%2910%3A4%3C31%3ASRASOA%3E2.0.CO%3B2-L&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8312%28199023%2927%3A3%3C557%3AAAQACS%3E2.0.CO%3B2-4&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0141-1926%28199806%2924%3A3%3C255%3ACSAEAA%3E2.0.CO%3B2-Q&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6543%28199623%2966%3A3%3C361%3ATEOSRO%3E2.0.CO%3B2-R&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-166X%28197922%2914%3A3%3C351%3ACAEIIT%3E2.0.CO%3B2-H&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page5of 5-

The Trade-off between Child Quantity and Quality

Eric A. Hanushek

The Journal of Political Economy, Vol. 100, No. 1. (Feb., 1992), pp. 84-117.

Stable URL:

http:/links.jstor.org/sici sici=0022-3808%28199202%29100%3A 1963C84%3A TTBCQA %3E2.0.CO%3B2-N

Measuring Investment in Education

Eric A. Hanushek

The Journal of Economic Perspectives, Vol. 10, No. 4. (Autumn, 1996), pp. 9-30.
Stable URL:

http:/links.jstor.org/sici 2si ci=0895-3309%28199623%2910%3A 4%3C9%3AM I | E%3E2.0.CO%3B2-1

Assessing the Effects of School Resour ces on Student Performance: An Update

Eric A. Hanushek

Educational Evaluation and Policy Analysis, Vol. 19, No. 2. (Summer, 1997), pp. 141-164.
Stable URL:

http:/links.jstor.org/sici 2si ci=0162-3737%28199722%2919%3A 2%63C141%3A ATEOSR%3E2.0.CO%3B2-3

Under standing the Twentieth-Century Growth in U.S. School Spending
Eric A. Hanushek; Steven G. Rivkin

The Journal of Human Resources, Vol. 32, No. 1. (Winter, 1997), pp. 35-68.
Stable URL:
http:/links.jstor.org/sici 2sici=0022- 166X %28199724%2932%3A 1%3C35%3AUTT Gl U%3E2.0.CO%3B2-T

Aggregation and the Estimated Effects of School Resour ces
Eric A. Hanushek; Steven G. Rivkin; Lori L. Taylor

The Review of Economics and Satistics, Vol. 78, No. 4. (Nov., 1996), pp. 611-627.
Stable URL:

http://links.jstor.org/sici?sici=0034-6535%28199611%2978%3A4%3C611%3AAATEEO%3E2.0.CO%3B2-B

Class-Size and L earning: The Tennessee Experiment--What Follows?
S. J. Prais

Oxford Review of Education, Vol. 22, No. 4. (Dec., 1996), pp. 399-414.
Stable URL:

http://links.jstor.org/si ci ?sici=0305-4985%28199612%2922%3A 4%3C399%3A CAL TTE%3E2.0.CO%3B2-S

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0022-3808%28199202%29100%3A1%3C84%3ATTBCQA%3E2.0.CO%3B2-N&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0895-3309%28199623%2910%3A4%3C9%3AMIIE%3E2.0.CO%3B2-1&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0162-3737%28199722%2919%3A2%3C141%3AATEOSR%3E2.0.CO%3B2-3&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-166X%28199724%2932%3A1%3C35%3AUTTGIU%3E2.0.CO%3B2-T&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6535%28199611%2978%3A4%3C611%3AAATEEO%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0305-4985%28199612%2922%3A4%3C399%3ACALTTE%3E2.0.CO%3B2-S&origin=JSTOR-pdf

