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ERIC A. HANUSHEK

The Evidence
on Class Size

No TOPIC IN EDUCATION has received such public and professional
attention as class size. Calls for reductions in class sizes are rallying
points for parents, teachers, and administrators across the nation, and
politicians have rushed to claim credit for introducing policies aimed at
reducing class size. The pupil-teacher ratio in a school district, for example,
is frequently used as the fundamental metric for quality, and comparisons
across districts become indexes of equity. A prime reason for the attention
to class size is that it represents such an extremely convenient policy instru-
ment, one amenable to general political action. A legislature or a court,
wishing to alter student outcomes, can easily specify a change in class size,
whereas other potential changes are much more difficult to effect.

The rediscovery and promotion of positive findings from experimental
cvidence has apparently provided sufficient scientific support that legisla-
tors can confidently pursue popular initiatives cither mandating smaller
classes or providing substantial fiscal incentives for reductions.! Yet the sur-
prising fact is that the enormous amount of research devoted to studying
class size has failed to make a very convincing case that reducing class size

T wish to thank Charles Achilles for comments on a previous version. Financial support was pro-
vided by the William H. Donner Foundation and the Smith Richardson Foundation.
1. See, for example, Mosteller (1995) and chapter 6 above; Krueger (1997).
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e dikely o mgmove overatl sindens perforonance. Bowill e ase con dia
niatically, bue performance is another matter.,

Findings of the peneral ineflectiveness of reducing, class size tend o be
controversial i for no other reason than that they seem to defy common
sense, conventional wisdom, and highly publicized accounts of the avail-
able sciemilic evidence. Unfortunacely, in order to support calls for reduc
tions in class size, there has been a tendency to pick and choose among,
available stndies and evidence. Morcover, the close ties between policy and
resonees available to schools suggest a variety of conflicts of interest.
Therelore, it is uselul to review the existing evidence and to reconcile the
varying, conceptions of what might be expected from class size reductions.

I begin this chapter by examining what the aggregate darta indicate
about the clfectiveness of class size policies. Teachers resources have been
med increasingly intensively chroughout the twentieth century, so that the
curient push for smaller classes is more an extension of past policies than
something new.* Over the period that student achievement data are avail-
able (roughly the past quarter century) there have been no discernible
improvements in performance, even though there have been large and
steady declines in pupil-teacher ratios.

I then review the international data. Across the world, countries run
their school systems in surprisingly different ways, including very different
pupil teacher ratios. When combined with data on student performance,
however, the wide discrepancies in pupil-teacher ratios show little relation-
ship to achievement.

Nexr, | summarize the extensive econometric evidence about the effec-
tiveness of reducing class sizes. This evidence, which incorporates almost
300 different estimates of the effect of class size on achievement, gives no
indication that general reductions in class size will yield any average
improvement in student achievement. By separating out the influences of
Lamilies and other school factors, these studies effectively eliminate the
primary interpretative concerns raised with the aggregate data. The lack
ol evidence for significant class size effects that results from analysis of
achicvement differences across individual classrooms is particularly
persuasive,

2. As discussed below, the only consistent data across time and across countries track changes in
ol eacher ratios, not individual classroom aggregations. In the United States, because of contrac-
anl arangements and management practices, including the use of teachers in a variety of activities out-
wnb she regular classcoom, pupil-teacher ratios tend to be below average class sizes. Nonetheless, trends
o« bass size will tend to teack erends in pupil-teacher ratios. Sce Lewit and Baker (1997).

PNIDYERICL 0l AN, S st

Fihen consider the evidence developed in Project STAR, an experiment
conducted by the State of ‘Tennessee in the mid-1980s. This work involves
dircet comparisons of achievement by students randomly assigned to small
classes (thirteen to seventeen students) and large classes (twenty-two to
wwenty-five students) in kindergarten through third grade. While there is
some ambiguity, the overall findings suggest that small kindergarten and
perhaps first grade classes might improve initial learning, but that additional
resources in later grades did not have a significant influence on subsequent
growth in student achievement. This work and related follow-up analyses in
Tennessee form much of the scientific basis for the current political debates.?
Unfortunately, most of the policy discussions go considerably beyond the
experimental cvidence. In doing so, they tend to ignore the concentration
of results in the carliest grades, to generalize to class sizes outside the exper-
iment, and to neglect any consideration of costs relative to potential gains.

In conclusion, I offer possible interpretations for the lack of any general
support in the evidence for reducing class size, and then relate the evidence
to prospective educational policics.

Basic Aggregate Data

It is common to hear it said that it is not surprising that achievement is
what it is, given the large classcs that teachers must face. In reality, it is the
history of additional teachers without any commensurate increases in stu-
dent achievement that makes a strong prima facie case about the ineffec-
tivencss of class size policies.

There has been a consistent and dramatic decline in pupil-teacher ratios
over most of the twenticth century. Figure 7-1 displays the pattern of
pupil-teacher ratios in the United States for the period 1950-94. The over-
all pupil-teacher ratio fell 35 percent. This decline is the result of steady
drops in the pupil-teacher ratio at both the elementary and the secondary
levels. The obvious conclusion is that if there is a problem of class size
today, there must have been a larger problem in the past.

One closely related trend is that spending per student has grown dra-
matically over this same period. Because the pupil-teacher ratio indicates the
intensity with which school and classroom resources are applied to educa-
tion, the greater intensity represented by lower instructional ratios translates

3. See Mosteller (1995) for a summary.
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is likely to improve overall student performance. It will increase costs dra-
matically, but performance is another marter.

Findings of the general ineffectiveness of reducing class size tend to be
controversial if for no other reason than that they seem to defy common
sense, conventional wisdom, and highly publicized accounts of the avail-
able scientific evidence. Unfortunately, in order to support calls for reduc-
tions in class size, there has been a tendency to pick and choose among
available studies and evidence. Moreover, the close ties between policy and
resources available to schools suggest a variety of conflicts of interest.
Therefore, it is useful to review the existing evidence and to reconcile the
varying conceptions of what might be expected from class size reductions.

| begin this chapter by examining what the aggregate data indicate
about the eflectiveness of class size policies. Teachers’ resources have been
med increasingly intensively throughout the twentieth century, so that the
current push for smaller classes is more an extension of past policies than
somnething new.? Over the period that student achievement data are avail-
able (roughly the past quarter century) there have been no discernible
improvements in performance, even though there have been large and
steady declines in pupil-teacher ratios.

I then review the international daca. Across the world, countries run
their school systems in surprisingly different ways, including very different
popil teacher ratios. When combined with data on student performance,
however, the wide discrepancies in pupil-teacher ratios show little relation-
ship to achievement.

Next, | summarize the extensive econometric evidence abour the effec-

nveness of reducing class sizes. This evidence, which incorporates almost
W00 diflerent estimates of the effect of class size on achievement, gives no
mdication that general reductions in class size will yield any average
nuprovement in student achievement. By separating out the influences of
Lonnhies and other school factors, these studies effectively eliminate dhe
(rimary interpretative concerns raised with the aggregate dawa, The lack
ol evidence for significant class size effects thae results from analysis of
ahicvement differences across individual classrooms is particularly
Perananive.

Al s Bedow, the only consistent data across time and across countries tack changs - om
pitd oo vatioe, non individal clasioom appiegations. e United Staes, e ol come
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I then consider the evidence developed in Project STAR, an experiment
conducted by the State of Tennessee in the mid-1980s. This work involves
direct comparisons of achievement by students randomly assigned to small
classes (thirteen to seventeen students) and large classes (twenty-two to
twenty-five students) in kindergarten through third grade. While there is
some ambiguity, the overall findings suggest that small kindergarten and
perhaps first grade classes might improve initial learning, but that additional
resources in later grades did not have a significant influence on subsequent
growth in student achievement. This work and related follow-up analyses in
Tennessee form much of the scientific basis for the current political debates.?
Unfortunately, most of the policy discussions go considerably beyond the
experimental evidence. In doing so, they tend to ignore the concentration
of results in the earliest grades, to generalize to class sizes outside the exper-
iment, and to neglect any consideration of costs relative to potential gains.

In conclusion, [ offer possible interpretations for the lack of any general
support in the evidence for reducing class size, and then relate the evidence
to prospective educational policies.

Basic Aggregate Data

It is common to hear it said that it is not surprising that achievement is
what it is, given the large classes that teachers must face. In reality, it is the
history of additional teachers without any commensurate increases in stu-
dent achievement that makes a strong prima facic case about the ineffec-
tiveness of class size policies.

There has been a consistent and dramatic decline in pupil-teacher ratios
over most of the twenticth century. Figure 7-1 displays the pattern of
pupil-teacher ratios in the United States for the period 1950-94. The over-
all pupil-teacher ratio fell 35 percent. This decline is the result of steady
drops in the pupil-teacher ratio at both the elementary and the secondary
levels. The obvious conclusion is that if there is a problem of class size
today, there must have been a larger problem in the past.

One closely related trend is that spending per student has grown dra-
matically over this same period. Because the pupil-teacher ratio indicates the
intensity with which school and classroom resources are applied to educa-
tion, the greater intensity represented by lower instructional ratios translates

LoSee Mosteller (199%5) Fue o summary.
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directly into greater spending. Figure 7-2 displays real spending per student
over the period 1890-1990. The growth in spending amounts to some
3 1/2 percent per year over the entire period, after adjusting for inflation.

Figure 7-2 breaks down spending per pupil into that related to the
salarics of instructional staff and all other spending. Looking at the growth
in total instructional staff salarics, one finds that 20 percent of the growth
over the century can be artributed to increased intensity of use of instruc-
tional staff.* This percentage rises in recent periods, reaching 85 percent in
1970-90.5 In other words, the reductions in pupil-teacher ratios shown in
figure 7-1 producc strong effects on spending.

While instructional staff salaries and other spending moved together
over the long term, it is also clear from figure 7-2 chat nonsalary spending
has grown more rapidly in the past two decades. Thus the total growth in
spending per pupil is not linked in any simple, mechanical way to pupil-

4. Hanushck and Rivkin (1997).

5. The change in spending over the period 1970-90 is complicated by fact that the school-age
population actually declined from the mid-1970s through the mid-1980s. During this period, scheol
wystems tended to keep the same number of weachers, leading to declines in pupil-teacher ratios. With
the recent increase in student population, however, there has been no tendency for the pupil-teacher
watio to increase. For 1980-90 alone, increased intensity of teachers accounted for 34 percent of the
growtl in total instructional staff spending (Hanushek and Rivkin, 1997).
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teacher ratios, even though increased intensity of use of instructional staff
obviously is an important element.®

The other component of the basic aggregate picture is patterns of stu-
dent performance. While representative student achievement data over
the century are not available, the National Assessment of Educational
Progress (NAEP) does provide data since the 1970s.” Figure 7-3-displays

6. While no systematic analysis is available, it scems plausible thae the increased intensity of usc
of instructional personnel is directly related o parallel increases in noninstructional personnel. At Jeast
a portion of the increase in other costs is undoubtedly attributable to various legal changes, including
mandates for special education (see below) and descgregation cfforts.

7. Alonger time serics can be constructed from the Scholastic Aptitudc Test (SAT). although using
those data introduces some added interpretive issucs. SAT scores fell dramatically from the mid-1960s
until the end of the 1970s—suggesting that the achievement decline in the NAEP data neglects an ear-
licr period of decline. "The primary interpretive issuc, however, revalves around the voluntary nature of
the SAT and the increase in the proportion of high school seniors taking the test. The SAT is taken by
a selective proup of students who wish to enter competitive colleges and universitics. As the proportion
1aking the test rises, so the hypothesis goes, an increasingly lower achieving group will be drawn into the
test, leading to lower scores purcly because of changes in test taking, While the exact magnitude of any
cuch efffects is uncertain, it scems clear that this change in selectivity has caused some, but not all, of the
decline in SAT scores; sec, for example, Wirtz (1977); Congessional Budget Office (1986).
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the patterns of NAEP scores lor seventeen-year-olds in mathematics, sci-
ence, and reading. Scores are shown for all students and by racial and eth-
nic group. Three aspects stand out. First, overall performance is approxi-
mately the same in 1970 as in the mid-1990s. While there are some
differences in patterns across the subject areas, the composite picture is
one of flat scores over the past quarter of a century. Second, there has been
some convergence of scores between whites and either blacks or His-
panics. For the period up to 1990, the average black-white gap across sub-
ject areas narrowed by 0.4 standard deviation, even though the differences
remain substantial.® Third, the convergence of scores across racial and eth-
nic group may have stopped during the 1990s. In fact, since 1990 there
has been a noticeable widening of the racial and ethnic achievement gaps
that is not captured in the calculations above.

The challenge is to reconcile the data on pupil-teacher ratios and
resources with the data on student outcomes. On the surface, they suggest
that increases in the intensity of use of teachers and the commensurace
increases in spending have had minimal effect on student achievement.
But a variety of alternative explanations have also been suggested.

Changes in the Student Population

One simple explanation for why added resources yield no apparent
improvement in performance is that students are more poorly prepared or
motivated for school than were students twenty-five years ago, so that the
additional resources enable performance to stay even. To bolster this view,
some point to the growing numbers of children living in single-parent fam-
ilies and the related increases in child poverty rates—both of which are
hypothesized to lead to lower student achievement. Table 7-1 displays these
major demographic changes. Between 1970 and 1990, the proportion of
children living in poverty families rose from 14.9 to 19.9 percent, while the
proportion of children living with both parents declined from 85 to 73 per-
cent. But there have been other trends that appear to be positive forces for
student achievement. Table 7-1 also shows that family sizes have fallen and
levels of parental education have improved. Over the same period, the pro-
portion of adults aged between twenty-five and twenty-nine with a high
school diploma or greater level of schooling rose from 74 to 86 percent {up

8. Hauser and Huang (1996); Hedges and Nowell (1998).
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‘Table 7-1. Selected Family Characseristics, 1970-90

Percent

Characteristic 1970 1980 1990
Children in poverty 14.9 17.9 19.9
Children living with both parcnts* 85 77 73
Families with 3 or more children 363 229 20.1
High school graduate or more® 73.8 84.5 85.7

Soutce: U.S. Bureau of the Census, Susistical Absiract of the United States, 1992.
a. Children under cighteen years old.
b. Population aged between ewenty-five and ewenty-ninc.

from 61 percent in 1960). Moreover, among all families with children, the
share with three or more children fell from 36 to 20 percent.

It is difficult to know how to net out these opposing trends with any
accuracy. Extensive research, beginning with the Coleman report and con-
tinuing through today, has demonstrated that differences in families are
very important for student achievement.” Most of these studies do noc
focus on families per se, however, and thus have not delved very far into the
measurement and structure of any family influences, apparcntly willing to
employ any available measure of family structure or socioeconomic status.
Susan Mayer suggests that the direct causal impact of family income might
be fairly small, and that previous studies have identified associations rather
than true causal impacts.!® Thar analysis, nonctheless, cannot conclusively
indicate whether there have been trends in the underlying causal factors
that are correlated in cross-sections with income. In earlier work I have
found that family size may have particularly powerful cffects on achieve-
ment, and indecd may be partly responsible for narrowing the black-white
tap in achicvement as indicated in figure 7-3, but again it is difficult to
compare the influences of the various trends that have been identified."

David Grissmer and coauthors attempt to sort out these factors.' T hey
use cconometric techniques to estimate how various family characteristics
influence children’s achievement. They then apply these cross-sectionally

estimated regression cocfficients as weights to the trended family back-
2 Colenan and others (1966); Hanushek (1997).
10 Mayer (1997),
L Hainhek (1902),

L2 Caecowr amd otlsers (1994),
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ground factors identified above. Their overall findings are that black stu-
dents perform better over time than would be expected from the trends in
black family factors. They attribute cthis performance to improvements in
schools. By contrast, white students perform worse than would be expected
over time, presumably leading to the opposite conclusion, that for the
majority of white studencs schools got worse over time.

Once again, there is reason to be skeptical about these results. First,
they do not observe or measure differences in schools, but instead simply
attribute unexplained residual differences in the predicted and observed
trends to school factors. In reality, any factor that affects achievement,
that is unmeasured, and thac has changed over their analysis period would
be mixed with any school effects. Second, in estimating the cross-sectional
models that provide the weights for the trending family factors, no direct
measures of school inputs are included. In the standard analysis of mis-
specified econometric models, this omission will lead to biased estimates
of the influence of family factors if school factors are correlated with the
included family factors in the cross-sectional data that underlie their esti-
mation. For example, better educated parents might systematically tend to
place their children in better schools. In this simple example, a portion of
the effects of schools will be incorrectly artributed to the education of par-
ents.'> Such biased estimates will lead to inappropriate weights for the
trended family inputs and will limit the ability to infer anything about the
true changes in student inputs over time. Third, one must believe either,
contrary to Mayer, that the factors identified are the true causal influ-
ences, or that they maineain a constant relationship with the true causal
influences. 't

In sum, a variety of changes in family inputs has occurred over time,
making it possible that a portion of the increased school resources has gone
to offset adverse family factors. The evidence is nonetheless quite incon-
clusive about the directions of any trend effects, let alone their magnitudes,
At the same time, the only available quantitative estimates indicate that
changing family effects are unable to offsct 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, mak-
ing the performance of schools appear better than it was, Thus the most

13. While it is sometimes possible to ascerrain how such statistical misspecification affects the esti-
mated results, in this case the complications—with multiple factors omitted from the modeling of
achicvement—muake that impossible.

14, Mayer (1097),
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. o . <roric resource
frequent explanation for the perceived incffectiveness of historic re
policies does not resolve the puzzle.

Special Education and the Changing Structure of Schools

The discussion until now has focused on pupil-teacher ratios, but thesc are
not the same as class size. Data on pupil-teacher ratios rcf!cct -tl.le tf)tal
number of teachers and students at a given time, but not their utilization.
To take a trivial example, consider a district that only has two teachers, one
of whom spends all day in class with the studer'us and the other of whom
is department head and spends all day evaluating thf: IC.SSOH plans of the
classroom teacher. In this case, the pupil-teacher ratio is hi'!lf that of the
class size experienced by the students. More to the point, if teachers are
required to meet fewer classes during the day th.an the number of classes
that each student takes, the pupil-teacher ratio will be less than .thc average
class size. Some teachers are also assigned to various duties outside the reg-
ular classroom. Thus typical class sizes observed in schools tend to be larger
than measured pupil-tcacher ratios. . '

The only data that are consistently available over time reflect pu!)ll—
teacher ratios. This is not surprising, because reporting on ?,Ctl.lal clftss sizes
requires surveying the assignment practices of individual .dlstr!cts.
Moreover, class sizes will also be influenced by the range of choices given
to students and the number of separate courses that indi\fidual sn.ldents
take. Measuring the actual class sizes faced by students requires a variety of
decisions about which classes to count and which not to count. For ex-
ample, should one count physical educati(?n and driver’s education? Class
size is generally best defined in the traditional clcmc'ntary school gmdv:s(i
where a single teacher is responsible for a self—co‘ntamcd cla.ssroom,' an
the definition gets progressively more problematical as the instructional
program becomes more complex. ' _

It remains to be seen, however, how large the influence of any diver-
gence of class size and pupil-teacher ratios might be on the aggregate trends
discussed above. In order to influence the trends (as opposcd. ) tl.lc
observed level during any period), it must be the case tl.lat the rcl:gnonshlp
between pupil-teacher ratios and class sizes is changing over time. .For.
example, Eugene Lewit and Linda Bak<.:r show t.hn.t while class sizes
reported in data from the National Education Association are greater than
pupil-teacher ratios, they follow a common downward wend.

EVIDENCE ON CLASS SIZE 141

While the relationship between class size and pupil-teacher ratios could
change for a variety of reasons, from altered work days for teachers to
expanded curricular offerings, the increased emphasis on special education
has received the most attention and deserves examination. The growth in
the number of students identified as handicapped, coupled with legal
requirements for providing them with educational services, has increased
the size of the special education sector since the late 1970s. Since this sec-
tor is relatively staff-intensive, its expansion could reduce the overall pupil-
teacher ratio without commensurate decreases in regular class sizes. To the
extent that mandated programming for handicapped students is driving
the fall in the pupil-teacher ratio, regular class sizes may not be declining
and, by extension, one might not expect any improvement in measured
student performance.'> This discussion that follows draws on carlier work
by Steven Rivkin and me and provides a simple analysis of the potential
importance of special education in explaining the decline in pupil-teacher
ratios and the commensurate increase in educational expenditure.'s

Concerns abour the education of children with both physical and men-
tal disabilities were translated into federal law with the enactment of the
Individuals with Disabilities Education Act in 1976."” The act prescribes
a series of diagnostics, counseling activities, and services for handicapped
students. To implement this and subsequent laws and regulations, school
systems expanded staff and programs, in many cases developing entirely
new administrative structures. The general thrust of the educational ser-
vices has been to provide regular classroom instruction where possible
(“mainstreaming”), along with specialized instruction to deal with spe-
cific needs. The existence of partial categorical funding from outside and
of intensive instruction for individual students creates incentives both for
school systems to expand the population of identified special education
students and for parents to seck admission for their children to special

15. It is frequently asserted that special education students are not generally included in tests and
other measures of performance. If so, it would be appropriate to link expenditure on regular-instruction
students alone with their test performance. On the performance side, however, if a larger proportion of
students is identified as needing special education, and if these arc generally students who Would perform
poorly on tests, the shift to increased special cducation over time should lead to general increases in test
scores, ceteris paribus, Direct analysis of special education in Texas indicates that many special education
students do take standard achicvement tests, although this varics widely by type of disability, duc to var-
ious stare and federal regulations (Hanushek, Kain, and Rivkin, 1998).

16. Fhanushek and Rivkin (1997).

17. PL - 182 was originally tiled the Education for All Handicapped Children Act.
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Tabde 7 20 Special Education Student Population and
Reliated School Personnel, 1978-90

nits as indicaed

Percentage of
clementary Special education personnel

Disabled and (thousands)

children® secondary Other Non-
Vear (thousands) students Teachers  instructional instructional
1978 3,777 8.7 195 140 32
1979 3.919 9.2 203 178 37
1980 4,036 9.7 221 159 56
1981 4,178 10.2 233 167 40
1982 4,233 10.6 235 168 46
1983 4,298 10.9 241 168 57
1984 4,341 1.1 248 173 53
1985 4,363 11.1 275 172 54
1986 4,370 11.1 292 183 47
1987 4,422 11.1 296 175 48
1988 4,494 11.2 301 192 49
1989 4,587 114 303 208 48
1990 4,688 1.6 308 220 53

Source: Data are from various annual reports on the Individuals with Disabilities Education Act of
1976. In particular, student numbers are from U.S. Department of Education (1991, p. 4).
a. Aged up to twenty-onc years.

cducation programs.' The result has been growth of children classified as
special education students, even as the total student population has been
falling.

The aggregate changes in the population identified as disabled between
1978 and 1990 are shown in table 7-2."” Despite the fact that overall public
school enrollment declined by over 1.5 million students between 1980 and
1990, the number of students classified as disabled increased from 4.0 mil-
lion to 4.7 million. Thercfore the percentage of students classified as dis-

18. Sec Hareman (1980); Monk (1990).

19. Data on special education come from annual reports required under the Individuals with Disa-
hilities Education Act of 1976. Prior to the act, there were no consistent data on handicapped students
o their schooling.
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abled increased from 9.7 to 116 percent during this period. Almost all of
this increase represents students classified as having “learning disabilities,”
a not very well defined category. Moreover, the number of special educa-
tion teachers increased much more rapidly than the number of children
classificd as disabled. Table 7-2 shows that the number of special education
teachers and other instructional staff increased by over 50 percent between
1978 and 1990: the number of special education teachers rose from
195,000 to 308,000, while the number of other special education instruc-
tional personnel (including teacher’s aides) rose from 140,000 to
220,000.%° The number of noninstructional special education staff grew
before 1980, but remained roughly constant during the 1980s.

These numbers suggest that the previously noted decline in pupil-
teacher and pupil-staff ratios during the 1980s might simply reflect the
growth in the number of students receiving special education services and
an increase in the intensity of special education—that is, a decrease in ef-
fective pupil-teacher ratios for special education. While it is not possible ro
calculate directly the intensity of special education, since many of the stu-
dents classified as disabled attend regular classes for much of the day, the
maximum impact of the special education changes on overall pupil-teacher
and pupil-staff ratios can be estimated. Specifically, by assuming historic
values for special education students, instructional staff, and classroom
teachers, one can roughly approximate the impact of the growth in special
education on the overall ratios. Results are reported in table 7-3.

As shown in the table, the actual pupil-teacher ratio, counting all stu-
dents and teachers, falls from 19.1 in 1980 to 17.2 in 1990, a decline of
10 percent. The next column estimates what the overall pupil-teacher ratio
would have been in 1990 if the observed special education pupil-teacher
ratio had remained at its 1980 level instead of falling, The right-hand col-
umn shows what the 1990 pupil-teacher ratio would have been if, addi-
tionally, the proportion of students classified as disabled had remained ac its
1980 level instcad of climbing. The simulations indicate that most of the
fall in the pupil-teacher ratio during this period was not caused by the
expansion of special education. If the proportion of students classified as
disabled and the observed pupil-teacher ratio for special education had
remained constant, the aggregate pupil-teacher ratio would have fallen at

20, Precise accounting for special education personnel is frequently difficult, suggesting that these
data contain more error than the other aggregate data presented.
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Table 7-3. Estimated Effects of Changes in Special Education on
Pupil-Teacher Ratios, 1980 and 1990

Overall pupil-teacher ratio if
the following remained at 1980 leveks:

Actual Special education
pupil-teacher Special education pupil-teacher ratio and
Year ratio pupil-teacher ratio proportion of disabled studenss
1980 19.1 19.1 19.1
1990 17.2 17.6 17.9

Source: Author’s calculations as described in text.

least to 17.9. In other words, just over one-third of the fall in the pupil-
teacher ratio could possibly be attributed to increases in special education.
This calculation reflects an upper bound on effects. Importantly, the graphs
of pupil-teacher ratios and survey information on class size reported by
Lewit and Baker do not appcar to show divergences in the two trends that
could be attributable to the introduction of special education.?'

The overall conclusion is that special education could have had some
significant effect on pupil-teacher and pupil-staff ratios, but that much
morc has also been going on during recent times. In terms of the basic
issue of flat student performance over recent decades, however, there have
clearly been reductions in class size and increases in the resources available
for regular classrooms.

Black-White Differentials

An alternative interpretation of the basic aggregate trends follows the
observation that there has been a narrowing of the racial gap in NAEP per-
formance, particularly during the 1980s. A variety of commentators have
taken this as evidence that school resources have an important effect. They
point, in particular, to the increase in federal compensatory programs dur-
ing the 1970s and 1980s, including Title 1 and Head Start. Since these
programs are aimed at disadvantaged students, and since blacks and
Hispanics are disproportionately disadvantaged, the narrowing of the dif-
ferential merely reflects the increased resources.

21 bewicand Baker (199 1y
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One problem with this argument, however, is the magnitude of specific
programs for the disadvantaged. At the federal level, compensatory educa-
tion spending amounted to just $7 billion in 1995. These programs target
poor students of all racial and ethnic groups, not merely minorities. More-
over, the amount s relatively small compared with total spending on cle-
mentary and secondary schools, which exceeds $300 billion.?

Michael Cook and William Evans analyze the black-white achievement
differential using the panel of NAEP data.” They attempt to decompose
the differences in performance into family, school, and other factors. Their
analysis indicates that school resources and specific schoolwide factors can-
not account for the narrowing of the gap. In related analysis, Jeffrey
Grogger analyzes the effects of specific school resources on black-white dif-
ferences in earnings.?* He also concludes that school resources have not
had a significant effect on these differences. Furthermore, there is no indi-
cation that pupil-teacher ratios have a significant cffect on students’ subse-
quent earnings.

Summary

The available evidence and data suggest some uncertainty about the under-
lying relationships among families, school organization, class size, and
achievement. Allowing for changes in family background and in special
education, however, it remains difficult to make a case for reduced class size
from the aggregate data. Pupil-teacher ratios and, as best one can tell, aver-
age class sizes have been falling significandly for a long time. The increases
in teacher intensity have been large enough that discernible impacts on
average student performance might reasonably be expected. Nonetheless,
overall achievement data do not suggest that it has been a productive pol-
icy. The aggregate data are, however, quite limited, restricted to a small
number of performance observations over time, and it has been difficult to
rule out conclusively other fundamental changes that might affect school
success. Therefore it is useful to turn to other evidence, including more
detailed school-level information.

22. The federal government has other relevane programs: Head Stare added $3.5 billion and child
nuttition was $7.6 billion. Such expenditures, cven if included in the totals for elementary and sec-
anidary spending, still yicld small selative total spending,

23, Cook and Evans (1996).

29, Gropger (1990),
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International Evidence

Somewlan surprisingly, similar kinds of results concerning the relacionship
hetween pupil-teacher radios and student performance are found across
commries. While icis difficult to develop standardized data that control for
the many differences in populations and schools across countries, interna-
tional comparisons have some appeal. The international variations in class
size and pupil-teacher ratios are larger than those found within the United
States, offering some hope that the effects of alternative intensities of
teacher usage can be better understood. Even given these wide differences,
there is no evidence that lower pupil-teacher ratios systematically lead to
increased student performance.

‘I'he Third International Mathematics and Science Study was conducted
during 1995. A series of mathemarics and science tests were given to stu-
dents in voluntarily participating nations. As a simple exercise, the cighth
prade math and science scores can be correlated with the primary school
pupil-teacher ratio in cach country.?® For the seventeen nations with con-
sistent data, there is a positive relationship between pupil-teacher ratios
and test scores, and it is statistically significant at the 10 percent level for
both tests. When Korea, the sampled country with the largest pupil-teacher
ratio, is left out of the analysis, the statistical significance disappears but the
positive resule remains. Nonetheless, while this international evidence
points to the surprising result that performance is better when there is less
intensive use of teachers, there cannot be much confidence that such dif-
lerences are more than statistical artifacts.

A more systematic attempt to investigate the relationship between stu-
dent performance and pupil-teacher ratios draws on the six prior interna-
tional tests in math or science, conducted between 1960 and 1990.%¢ Using
seventy country-test-specific observations of test performance, this analy-
sis finds 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
appear significantly to influence student performance.”’

25. Test scores are reported in Beaton and others (19963, 1996b). Primary pupil-tcacher ratios for
public and private schools are found in Organization for Economic Cooperation and Development
(1996).

26, Hanushek and Kim (1996).

27. Ac the same time, differences in test performance are extraordinarily important in determining
difierences in national growth rates (Hanushek and Kim, 1996).
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Finally, while uniform data on class size ditferences are not available,
some investigations have shown that class sizes vary more than pupil-
teacher ratios across countries. Specifically, Japan and the United States
have quite similar pupil-teacher ratios, but because of decisions about how
to organize schools and to use teachers, Japanese classes are much larger
than U.S. classes.?® Student performance in Japan is, on average, much bet-
ter than in the United States. There are many differences in the schooling
and societies of the sampled nations, so it would be inappropriate to make
too much of these results. They do, however, underscore the fact that com-
mon presumptions about the achievement effects of pupil-teacher ratios
and class size are not supported by the evidence.

Econometric Evidence

The most extensive information about the effects of class size comes from
attempts to estimate input-output relationships, or production functions,
for schools. The investigation of the effects of school resources began in
earnest in the late 1960s, after the publication of the Coleman report.?”
This congressionally mandated study by the U.S. Office of Education star-
tled many by suggesting that schools do not exert a very powerful influence
on student achievement. Subsequent attention was directed at both under-
standing the analysis of the Coleman report and additional evidence about
the effects of resources.*

Over the past thirty years, a steady stream of rescarch has buile up a
consistent picture of the educational process. The following summary con-
centrates on a set of published results available through 1994.%' The basic

28. Stevenson and Stigler (1992).

29. Coleman and others (1966).

30. These analyses suggest serious flaws in the seatistical methodology and interpretation of the
Coleman report, but most of that discussion is not relevant for the present purposes; see Bowles and
Levin (1968), Cain and Watts (1970), Hanushck and Kain(1972).

31. See Hanushek (1997) for greater detail. The tabulations do include results in Hanushek,
Rivkin, and Taylor (1996), since this updating was conducted as part of that sesearch. Some analyses
have been published subsequendy—for example, Betts (1995), Ehrenberg and Brewer (1995), Lamdin
(1995), Staley and Blair (1995), Ferguson and Ladd (1996), Grogger (1996), and Wenglinsky
(1997)—but their results will not affect the overall conclusions here (see Hanushek, 1997). While
they have some unique features, these studies are concepeually similar to prior studies and can be con-
sidered within the context of prior results. Morcover, given the number of studics sampled, a few addi-
tional results could not affect the overall conclusions reported here even if they uniformly pointed in
the same direction, which they do not.
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studies include all avaitable that meet mininal Gieeda o analytical desipn
and reporting of results. Specifically, the studies must be published in a book
or journal (to ensure a minimal quality standard), must include some mea-
surc of family background in addition to at least one measure of resources
devoted to schools, and must provide information about statistical reliabil-
ity of the estimatc of the effect of resources on student performance.

The summary relies on all of the separate estimates of the effects of
resources on student performance. For tabulation purposes, a “study” is a
separate estimate of an educational production function found in the lit-
erature. Individual published analyses typically contain more than one set
of estimates, distinguished by different measures of student performance,
different grade levels, and frequently entirely different sampling designs. If,
however, a publication includes estimates of alternative specifications
employing the same sample and performance measures, only one of the
alternative estimates is included.’? Thus the ninety individual publications
that form the basis for this analysis contain 377 separate estimates of pro-
duction functions. While several of the studies were produced in more or
less immediate reaction to the Coleman repor, half of the available stud-
ics were published since 1985.

These econometric estimates relate class size or teacher intensity to mea-
sures of student performance, while also allowing for the influence of fam-
ily and other inputs into education. The precise sampling, specification of
the relationships, measurement of student performance, and estimation
techniques differ across studies, but here I concentrate on the summary of
a relationship across studies. To do this, studies are aggregated according to
the estimared sign and statistical significance of the relationship.**

Table 7-4 summarizes the available results for estimates of the effects of
teacher-pupil ratios on student outcomes. OF the total of 377 available

32. Some judgment is required in sclecting among the alternative specifications. As a general rule,
the tabulated resules reflece the estimares that are cmphasized by the authors of the underlying papers.
In cases where this rule did ot Icad to a clear choice, the tabulation emphasizes statistically significant
tesults among the alternatives preferred by the original author. An alternative approach is followed by
Betis (1996), who aggregates the separate cstimates of a common parameter in a given study.

33. 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 summatize the resules of different
studies, but these issues have little bearing on the present discussions; sec Greenwald, Hedges, and
Laine (1996) and Hanushck (1996a, 1997). Other issues concerning estimation strategics are raised in
Card and Krueger (1996), Heckman, Layne-Farrar, and Todd (1996), and Hanushek (1996b). These
latier issucs, while relevant, are very technical and in my opinion do not affect the policy conclusions
presented below.
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Table 7. Distribution of Estimated Influence of “leacher-Pupil Ratios on
Stucdent Performance, by Level of Schooling

Perceny, excepr as indicated

Number Seatistically insignificant
of Stavistically significant Unknown
School level estimates  Positive  Negative Positive  Negative  sign
All 277 15 13 27 25 20
Elementary 136 13 20 25 20 23
Secondary 141 17 7 28 31 17

Source: Author’s calculations. Sources of underlying data are detailed in Hanushek (1997).

econometric studies of the determinants of student performance, 277 con-
sider teacher-pupil ratios. (Estimates of the effect of class size or pupil-
teacher ratios are reversed in sign, so that conventional wisdom would call
for a positive effect in all cases.) The first row of the table shows that just
15 percent of all studies find a positive and statistically significant rela-
tionship berween teacher intensity and student performance. At the same
time, 13 percent of all studies find negative and staristically significant rela-
tionships with student performance. Ignoring the statistical significance, or
the confidence thar there is any true relationship, the estimates are almost
equally divided between those suggesting that small classes are better and
those suggesting that they are worse.* This distribution of results is what
one would expect if there was no systematic relationship between class size
and student performance. Fully 85 percent of the studies suggest cither
that fewer teachers per student are better (that is, they yield negative esti-
mates) or that there is little confidence of any relationship at all (that is,
they are statistically insignificant).

Some people have suggested that the effect of class size may differ ac dif-
ferent points in the schooling process (sce, for example, the interpretations
of Tennessee’s Project STAR study discussed below). To consider this possi-
bility, the overall estimates of the effects of teacher-pupil ratios are divided
into estimates for the elementary and secondary school levels. Table 7-4
shows that 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 ac the elementary level. For elementary

34. Twenty percent of the studics do not report the sign of any cstimaced relationship. Instead, they
simply note that the estimates were staistically insignificant.
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schools, more estimated ceffects are negative, that is, indicate that smaller
classes are worse. This is true for all studics and for those with statistically
significant estimates. Unfortunately, there are too few studies to permic one
to look at individual grades, as opposed to all elementary grades combined.

With these data, it is also possible to address explicitly the distinction
between the pupil-teacher ratio and class size. While these two concepts
differ, they arc highly related, and it remains to be seen whether they pro-
vide similar evidence about the effectiveness of smaller classes. The esti-
mates include both studics that measure class size and those that contain
aggregate measures of teacher-pupil ratios for a school, district, or state.
Studies that investigate performance within individual classrooms invari-
ably measure class size, whereas those ac higher levels of aggregation most
often mcasure average teacher-pupil ratios. In particular, studies that are
highly aggregated, such as those investigating performance across entire
districts or states, are almost always forced to consider only the overall
teacher-pupil ratio.

Table 7-5 displays the results of estimates according to the level of aggre-
gation of the teacher-pupil measure. As the table shows, analyses con-
ducted at the state or district levels are more likely to indicate that teacher-
pupil ratios have a positive and statistically significant relationship to
student performance. Nonetheless, while this pattern coincides with the
less precise measure of class size at the classroom level, it is more likely to
come from other fundamental analytical problems than from the pure
measurement issues. The more aggregated analyses are subject to a series of
specification problems (independent of the ones considered here) that are
exacerbated by the aggregation of the analysis.** In particular, these analy-
ses leave out all consideration of state-by-state differences in school poli-
cies, which appears to bias the results toward finding stronger effects of
teacher-pupil ratios and school resources in general. At a minimum, one
can conclude that the insignificance of the results appears rcal and is not
just an artifact of measuring teacher-pupil ratios instead of actual class size.
The best studies, with the most precise measurements of class size and
school resources, arrive at the same general conclusions, indicating that the
results are not easily explained away by poor data or research methods.

Statistical investigations that employ a value-added specification are
generally regarded as conceptually superior and likely to provide the most
reliable estimates of education production functions. These studies relate

35. See Hlanushek, Rivkin, and Taylor (1996).
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‘Vable 7-5. Distribution of Estimated Influence of Teacher-Pupil Ratios on
Student Performance, by Aggregation of Resource Measure

Percent, except as indicated

Number Staristically insignificant
of Statistically significant Unkenoiwn

Aggregation essimates Positive  Negative Positive  Negative  sign
Total 277 15 13 27 25 20
Classroom 77 12 8 18 26 36
School 128 10 17 20 28 19
District 56 21 16 39 20 4
County 5 0 0 40 40 20
State 1 64 ] 27 9 0

Source: Author's calculations. Sources of underlying data are detailed in Hanushek (1997).

an individual’s current performance to his or her performance at some
prior time and to school and family inputs during the intervening period.
The superiority of this approach comes from the use of prior achievement
to mitigate any problems arising from missing data about past school and
family factors and from differences in the innate abilities of students.*
Table 7-6 provides a summary of value-added results, both for all
seventy-cight estimates of class-size effects and for the twenty-three esti-
mates that come from samples in a single state. On the one hand, there are
many fewer such estimates than in the overall set, and thus any conclusions
are subject to more uncertainty. On the other hand, because of the superi-
ority of these analyses, each study deserves more weight than one of the
general studies reviewed above. The restriction to samples within single
states corrects for differences in school policies to avoid the biases previ-
ously discussed. From the results in table 7-6, there is little reason to believe
that smaller classes systematically lead to improvements in student achieve-
ment. Of the best available studies (single-state, value-added studies of indi-
vidual classroom achievement), only one out of twenty-three, or 4 percent,

36. For a more thorough discussion of estimation approaches, sce Hanushek (1979). Krueger
(1997) points out that value-added studics cannot identify any impact of resources prior to the peried
of study. While he argues from this that onc should not use value-added models, the very essence of
such models is to provide more precise estimates of the magnitude and timing of any resource effects
on student performance. Statistical models of the level of student performance that do not include mea-
sures of prior achievement will tend to be biased by all time-varying historical factors, such as prior class
size or teacher quality, that are not explicitly measured.
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Yubbe 7 6. Distribution of Other Estimated Influences of leacher-Pupil
Ratins on Student Performance, Based on Value-Added Models

P'eteent, except as indicated

Number Statistically insignificant
of Statissically significant Unlenown
School level estimates  Positive  Negative Positive  Negative  sign
All 78 12 8 21 26 35
Within a
single state 23 4 13 30 39 13

Source: Author's calculations. Sources of underlying data are detailed in Hanushek (1997).

(inds char smaller classes have a statistically significant positive effect on stu-
dent performance.

As noted by Alan Krueger, if the effects of class size on performance are
small, a number of the reported cconometric studies may not have ade-
quate dara to distinguish between “small effect” and “no effect,” possibly
leading to the pattern of statistically insignificant results reported.”’
Preliminary analysis of achievement data for several cohorts of students in
the State of Texas provides partial support for this hypothesis.”® From over
300,000 observations of gains in student performance across the schools of
Yexas, statistically significant positive results are found for smaller classes in
fourth and fifth grade mathematics and reading performance.”” Even with
such large samples, however, class size is a scatistically insignificant deter-
minant of sixch grade performance in either subject. More important, the
cstimated magnitudes are very small. A class size reduction of ten students,
which cuts average class size approximately in half and represents a
2 1/2 standard deviation movement, is never estimated to yield more than
0.11 standard deviation of improvement in student achievement for the
resules that are statistically significant. When one separates out the resules
for students eligible for frec or reduced lunches, the performance of these
disadvantaged students is found to be more sensitive to class size: a targeted

37. Krueger (1997).

38, Rivkin, Hanushek, and Kain (1998).

39. “Ihe analysis of student performance is based on complicated statistical analysis involving
sepression of achicvement growth with individual fixed effects, a design employed to climinate bath
unmeasured differences in individual ability and the potential effects of student selection into specific
«hools. The small results reported hete are also consistent across alernative estimation stratcgies based
on simple models of achievement growth.
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class size reduction of wen students could yiehl as much as 0.18 standard
deviation of improvement in fourth grade math performance. Estimated
class size cffects for students incligible for free or reduced lunch, however,
are less than half as big as those for disadvantaged students and are more
frequently insignificant.

A final sct of questions about the econometric studies of teacher-pupil
ratios involves the underlying mechanism for cstablishing small and large
classes. I, for example, a school districe uses a subjective method of assign-
ing “weaker” students to small classes and “stronger” students to large
classes, the econometric methods might not provide an accurate assess-
ment of the direct, causal influcnce of class size.*

The econometric evidence is clear. There is litcle reason to believe that
smaller class size systematically yiclds higher scudent achievement. While
some studies point in thac direction, an almost equal number point in the
opposite direction. Moreover, restricting attention to the best of these stud-
ies, including those with the most accurate measurement of individual class
size, merely strengthens the overall conclusion.

Project STAR

In the mid-1980s, because of ambiguity about the effects of class size on
student performance, the State of Tennessee launched a random assign-
ment experiment on the effects of reducing class size on student achieve-
ment called Project STAR.#! The design was heavily influenced by an early
summary of research by Gene Glass and Mary Lec Smith."? Glass and

40. Hoxby (1998) employs other information about the source of decisians about class size in
order to correct for such problems, but she finds that class size still has no consistent effect on student
outcomes. Note, morcover, that this problem arises only when decisions are made on the basis of
unmeasured student characteristics. 1, for example, students arc assigned to classes on the basis of
thir early test scores, and if these test scores are controlled for in the cconometric analysis as in the
value-added estimation, these problems do not arise. The statistical analysis in Rivkin, Hanushek, and
Kain (1998) provides an alternative approach to the sclection problems. In another attempt to coteect
for possible influences of school decisionmaking, Angrist and Lavy (1999) do find significant class size
effects. Their study considers special features of Isracli law that permit alternative statistical approaches
to identifying small class cffects. "The applicability to U.S. schools is unclear. An alternative instru-
mental variable approach is found in Akethiclm (1995). Taken together, these analyses do not sugest
that the prior results are merely statistical artifacts.

41. STAR stands for student-teacher achievement ratio. See Word and others (1990); Finn and oth-
ers (1990); Finn and Achilles (1990).

42. Glass and Smich (1979).
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Smith combined evidence from different expenmental studies and sug-
pested that student achievement is roughly constant across class sizes until
the pupil-teacher ratio gets down to approximately 15 o 1. Beyond this,
reductions in class size appeared to yield significant gains in student per-
[ormance. Project STAR is a large and complicated program. Beginning in
1985, a group of students from kindergarten through third grade was ran-
domly assigned to either regular classes of twenty-two to twenty-five stu-
dents or small classes of thirteen to seventeen students. The regular classes
were divided into two groups, one with teacher’s aides and one without. To
be eligible to participate in the experiment, a volunteer school had to be
large enough to ensure that there was at least one small and one large class
of cach type. The experimental design placed students in the same ran-
domly assigned treatment group from kindergarten through third grade—
although, as discussed below, attrition, experimental replacement, and
change of treatment group were considerable over the coursc of the exper-
iment. Over 11,000 students in seventy-nine schools eventually partici-
pated in the program; 48 percent of the 6,324 original students who
started in kindergarten remained in the experiment for the full four-year
period.

A varicty of natural and design factors, discussed below, introduce
uncertainty into the analysis and interpretation of the results of Project
STAR. The most obvious issue is that many popular interpretations of the
results are not supported by the basic data. Most importane, even though
the experiment ran through the third grade, any beneficial impact of small
classes on achievement is confined to the first year of treatment.

The basic data from Project STAR indicate that, at best, very specific
and limited achievement effects might follow from reductions in class size.
Figure 7-4 illustrates the basic achievement results of the program. The
two panels of the figure plot average reading and math scores from kinder-
garten through third grade for students randomly assigned to the three dif-
ferent classroom situations.* Three facts are immediately obvious from
these graphs. First, for both reading and mathematics, students in small
classes have significantly greater average achievement at the end of kinder-
garten. Second, on average, the performance of students in regular classes
is virtually the same as that of students in regular classes with aides

43. For a morc complete description of the experiment, sce Word and others (1990). A series of dif-
lerent tests was given. Figure 7-4 reports results from the nationally normed Stanford Achievement
‘Test. Using daca from the alcernative tests would not change the patterns or conclusions.
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Figure 7 4. Stanford Achicvement Tést Scores in Project STAR

Score

Reading

600 |-

550

500

450

Regular
with aide

Kindergarten 1 2 3
Grade
Score
Math
600
550
500

Kindergarten

Grade

Source: Word and others (1990).
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Hoouphonr the experiment Gnd students were ol reely reassigned
et these treatments afier the first year of dhe l‘kl'l'lilllt‘lllj. T'hird, che
kinderparten pap between small and regular classrooms is maintained at
<~s.s:-n.|ti;|l|y the same level chrough the first, second, and third grades.
»l he original analyses of the experiment reported the differences in per-
‘Iurllmm’c between the small and regular classes at each grade, giving the
impression that the added classroom resources at each grade level led to sig-
nificane gains in achievement in each grade. This interpretation is rein-
[orced by the widely cited review of the study’s findings by Harvard statis-
tician Frederick Mosteller. He writes, for example, that “after four years, it
was clear chat smaller classes did produce substantial improvement in ea,rly
lf-;u-ning and cognitive studies.” In reality, the differences appeared in the
hrs(‘ year of the experiment and simply reappeared in subsequent years.
‘ For policy purposes, the key to the interpretation of Project STAR
involves expectations about student performance over time. Perhaps the
most standard interpretation from learning theory begins with the view
that education is a cumulative process, building on past achievement. If
students learn certain skills in, say, the first grade, they tend to carry them
over to later grades, even if with some depreciation, and to build on this
lns > as they progress. According to this view, the basic evidence of Project
S TAR suggests that while smaller classes may be importanc ac kindergarten
(hc)" have no average effect subsequently. Specifically, since the growth in’
;l.chlcvcment across experimental and control students is the same from
lirst through third grades, the added resources of the smaller classcs appear
to add nothing to student performance. Early differences remain the same
over time. If resources had a continuing impact, one should observe a
preater 4isparity of achievement as more and more resources are applied.
I'he :\Cth.\lean[ curves in figure 7-4 should fan out if smaller classes have
an on-going, cumulative impact. Thus the cumulative effect learning
model is rejected.
‘ Alternatively, some have argued that the observed pattern could be con-
sistent with small classes making a difference in all grades if students are

'i‘i.. There is some ambiguity about the effect of small classes in first grade. The Project STAR
u'sull.\‘. in Word and others (1990) indicate some faster growth in achicvement during che fisst grade fo
those n small classes, and slower growth from first through chird grades for students in smaﬁ c]:nss;:sr
IhAu this finding is complicated by the lack of universal kindergarten in Tennessee and the intmduct.ion.
of ulew studcnt:s into thchcxpcn;:mlcm in the first grade. Krueger (1997) demonstrates that the overall
1esults are consistent with small classes havin, i i

. Ml (1586 118y g an effect only in the first year of schooling.
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expected o fdl back o a common mean performance each year. This is
cquivalent to saying that educational performance is not cumulative.
Under this set of expectations, maintaining the difference in performance
at the end of kindergarten requires the continued infusion of resources.
Lowered class size might be effective if it stemmed the “inevitable” rever-
sion of achievement to lower levels when resources were removed. Such
interpretations are most common in discussions about the education of
disadvantaged students, since they provide (a largely untested) way of
explaining achievement reversions from initial gains in Head Start and
other early childhood programs for the disadvantaged.* In this contex, it
is important to remember that Project STAR was a program for the broad
spectrum of Tennessee children. Therefore interpretation of its results must
be consistent with underlying notions of the learning process for all chil-
dren, not just the disadvantaged.

In the presence of these alternative interpretations, the way to identify
the effects of class size would be to assign randomly some of the experi-
mental children to larger classes after they had been in small classes in the
carliest grades. Unfortunately, this was not done systematically within che
experiment (even though some movement across treatment groups did
occur, in violation of the experimental protocol). However, follow-ups of
Project STAR students after they had returned to regular class settings pro-
vide important information. The Lasting Benefits Study, which has traced
students after Project STAR finished, shows that students from the small
classes in kindergarten through third grade maintained most of the prior
differences through the sixth grade.”” Experimental comparisons of small
versus regular classes yield effect sizes on norm-referenced third grade tests
in reading and math of 0.24 standard deviation and 0.21 standard devia-
tion, respectively.” In the sixth grade, three years after the end of any dif-
ferential resources for the two groups, the effect sizes for comparisons of
students previously in small versus regular classrooms were 0.21 standard
deviarion and 0.16 standard deviation for reading and math, respectively.”
In other words, the differentials in performance found at kindergarten
remain essentially unchanged by third grade after class size reductions of

46. See, for example, Barere (1992).
47. Nye and others (1993). These results should be treated with caution, because the data have

never been made available to other rescarchers; see Hanushek (1999).

48. Word and others (1990). Effect sizes indicate the differences in average performance for che two
groups measured in units of standard deviations of the test; sce Mosteller (1995).

49. Nyc and others (1993).
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one third were continuously applied (see lipue ), and they remain
lilrgdy unchanged by sixch grade, after regalar class sizes had been resumed
for three years. This latter finding leads to rejection of the fall-back model
and indicates that class size reductions after kindergarten have little poten-
tial effect on achievement.

A third interpretation is that small classes, particularly early in che
schooling process, have a one-time effect on student performance that is
not linked to the acquisition of cognitive skills per sc. This one-time effect
could reflect early training in the “activity of school.” Students in small
classes learn norms, behavior, and learning patterns chat are useful in sub-
sequent years, so that they arc able to continue achieving at a higher level.
In fact, this last interpretation is the one most consistent with the Project
STAR data, ignoring the other possibilities of flaws in the underlying
experimental design and data collection.* It provides a parsimonious
explanation of why there is a one-time but lasting effect of class size reduc-
tions in kindergarten. It also has powerful implications for policy.

The most expansive conclusion that can be reached from Project STAR
:md. the Lasting Benefits Study is that they might support an expectation of
positive achievement effects from moving to small kindergartens, and
maybe small first grades. None of the Project STAR dara support a whole-
sale reduction in class size across grades. Morcover, the achievement resules
come from large reductions (one-third of the existing regular class size)
that make the small classes quite small (fftcen students) compared with
most existing classroom situations. The data do not provide evidence about
what might happen with lesser changes that take class sizes down to levels
above the Tennessec experiment, say, to between eightcen and twenty stu-
dents. (Recall tha the original motivation for Project STAR involved
research results suggesting no effects for class sizes greater than fifteen stu-
dents.) This policy interpretation is quite different from that commonly
attributed to analysis of the Project STAR data, which many cite to justify
almost any sort of reduction in class size at almost any school grade.

Project STAR and its related programs do support one aspect of the
cconometric results from Texas noted above: disadvantaged students
appear more sensitive to variations in class size than the majority of stu-

' 50. Krueger (1997) reanalyzes the Project STAR dasa and finds that chere is a large first-year effect
Imt? reduced class size, but little continuing cffecr. Krueger incorporates the fact that some students
begin small classes in the first grade, rather than in kindergarten. If students were not in small kinder-
gartens, he suggests that chey achicve gains from small classes in first grade, that is, in their first year
with small classes. Sce also Hanushek (1999). ‘ e
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denest Again, however, disadvantaged stadems, on average, are not cur-
rendy in larger classes than more advantaged students, and the effects
appear small relacive to the costs of programs and alternative policy
approaches.

Up to this point the discussion has taken the reported results ar face
value, but some aspects of the experimental design and implementation of
Project STAR introduce additional uncertainty into the analysis.>* The
most important concerns are as follows. First, not all students started the
experiment at the same time, in part because kindergarten is not manda-
tory or universal in Tennessee, and in part through the replacement of chil-
dren who dropped out of the experiment. Second, sizable attrition
occurred over the course of the experiment, due to mobility and other fac-
tors, and this attrition was likely not random. Third, parents, teachers, and
schools knew they were part of an experiment, and parental pressure led to
part of the experiment being compromised by the reassignment of stu-
dents: approximately 10 percent of the students in small classes in grades
one through three had been in regular-sized classes the previous year.”
Fourth, no student took an achievement test prior to entering the experi-
ment, so it is difficult to analyze whether elements of the random assign-
ment process contributed to any observed differences in achicvement dur-
ing the program.* Fifth, in any given year, up to 11 percent of students did

51, Mosteller (1995).
52. A full description and preliminary analysis of the cffects of these issucs is found in Hanushek

(1999). Sec also Prais (1996); Goldstein and Blatchford (1998); Krucger {1997).

53. Afier the first year, students in the regular classes and the regular classes with aides were ran-
domly reassigned. Preliminary analyses from kindergarten had indicated that these two trearments did
not result in significantly different performance, but the reassignment made analysis of aide effects dif-
ficult. A much more serious problem is that some students in regular classes were moved to the small
class treatment (and a smaller number were moved in the opposite direction). Such transfers were
“intended tw separate incompatible children and ‘to achieve sexual and racial balance™ (Mosteller, 1995,
p. 124), Such transfers potentially bias simple comparisons of small and regular classrooms, because
treatments are no longer independent of student characteristics.

Virtually no attention has been given to how teachers responded to the experiment. Each teacher
clearly knew whether they were part of the small or regular class portion of the experiment. And, teach-
ers in general would prefer smaller to larger classes. Whether these faciors influenced work cffort or
behavior is not known.

$4. Considerable controversy exists about how carly in schooling reliable achicvement testing is
possible, but few people suggest that it is cither reliable or uscful before kindergarten. Nonetheless,
approximately half of the students who ever participated began the experiment in the firse grade or
latcr—that is, when tests were readily available within the experiment itself. Krueger (1997) demon-
strates that there docs appear to be random assignment based on key student characteristics, such as
race or cligibility for free or reduced-price lunch, providing a prima facic case that kindergarten differ-
ences arc not just the result of simple biases in treatment assignment.
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not take the examinations, although there i linle i ation that this pro-
portion differs by treatment group. Finally, there was some drift from the
targee class sizes of thirteen to sevenceen and twenty-two to twenty-five
students, so that there is actually a distribution of realized class size out-
comes over time in both treatment groups. Each of these issues has been
raiscd by the initial rescarchers and by later interpreters of the results, but
the experimental data do not provide information that permits one to
:ns'ccrtain fully the effects of such possible problems.’ One indication of
bias comes from the smaller cffects of class size for students in the experi-
ment for the full four years, as compared with each sample taken sepa-
rately, but this is not conclusive.’¢
It is particularly important to note that Project STAR has never been
replicated. The contaminating conditions described above clearly suggest
thac further experimentation would be useful in reducing uncertainties aris-
ing from the original study. Indeed, practical problems of implementation
suggest that no single experiment is likely to be entirely free of ambiguities.
Nonetheless, the power of random assignment experimentation should
not be ignored. One of Mosteller's strongest messages is the ability of ran-
fl()m assignment experiments to circumvent some of the difficulties of rely-
ing on statistical analyses of observations from natural outcomes of the
schooling process.*” It has been argued that there has been no replication
or extension of the approach taken by Project STAR because experiments
are expensive. Project STAR involved appropriations of about $3 million
per year.”® Yet the proper frame of reference is the cost of a full-scale pro-
gram, such as the 1996 California class size initiative for kindergarten
through third grade, which involves annual expenditures of over $1 billion.
!’roposed national programs go far beyond this. The potential costs of
fmpl.cmenting an ineffective policy on that scale dwarf the costs of design-
ing, implementing, and evaluating a serics of extensive random assignment
studies designed to investigate alternative policy proposals.’? Further, when
class size reductions are implemented for an entire state, they defy subse-

55. .“fcc. for example, Finn and Achilles (1990); Mosteller (1995); Krueger (1997)

' 56,' See Hanushek (1999). Because the annual samples and the four-year sample hn;/c various selec-
lfulnll?mscs. it is difficult to estimate the magnitude of any one type of bias. Nonctheless, i.f(hc pl)lcn-
;:.L h::lsﬁ.; ,:l:;: ;\:“:faflcitf; c(::.lhe treaament estimates, the four-year effects should be as high as or

57. Mosteller (1995). See also Hanushek and athers (1 994).
58. Word and others (1990).
59. Hanushck and others (1994).
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quent analysis of their ebfectiveness. In other words, itis unlikely that one
will ever obtain reliable evaluations of whether the $1 billion spent annu-
ally in California is achieving any positive educational results. But if reduc-
tions in class size are viewed as policies with political rather than educa-
tional objectives, it is perhaps the case that policymakers do not want to
know whether performance improves.

Interpretation and Conclusions

The extensive investigation of the effects of class size on student perfor-
mance has produced a very consistent picture. There appears to be little
systematic gain from general reductions in class size. This story comes
through at the aggregate level, where pupil-teacher ratios and class sizes
have fallen dramatically over the past three decades and student perfor-
mance has remained virtually unchanged. It also comes through from
international data, where one finds extraordinarily large differences in class
sizes without commensurate differences in student performance. But since
the aggregate analyses could be misleading for a variety of analytical rea-
sons, more weight should be put on school-level analyses and on experi-
mental data. From production function estimates, there is little reason to
belicve that overall reductions in class size will yield much in the way of
positive achievement gains. Across several hundred separate cstimates of
the cffects of reduced class size, positive and negative effects almost balance
each other out, underscoring the ineffectiveness of overall class size policies
such as those being currently advocated. Finally, the one major random
assignment experiment, Tennessee’s Project STAR, provides no support for
widespread reductions in class size, although it holds out hope for gains
from smaller kindergartens.

None of this says that smaller classes never matter. Indeed, the micro-level
evidence, which shows instances where differences in teacher-pupil ratios
appear to be important, suggests just the opposite. My own interpretation is
that there are likely to be situations—defined in terms of specific teachers,
specific groups of students, and specific subject matter—where small classes
could be very beneficial for student achievement. At the same time, there are
many other situations where reduced class size has no important effect on
achievement, even though it always has very significant impacts on school
costs. Thus, for example, across-the-board policies of class size reductions,
such as those enacted in 1996 in California for elementary education
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thiouph grade thee, are unlikely o have a beneficial ellecr on overall student
achievemene

The real difticulty is that we do not know how to describe, a priori, sit-
wations where reductions in class size will be beneficial. Thus it is not pos-
sible to legislate only good outcomes from the state capital, or to institute
only good outcomes from the courtroom. Policies developed in these con-
texts can only expect average gains, which appear to be very small or
nonexistent.

The California policy, which many other states are apparently on the
verge of emulating, illustrates another aspect of the relationship between
rescarch evidence and policymaking. This program was designed to reduce
class sizes close to the regular-sized classes in the Tennessee experiment. No
evidence from Project STAR relates to the likely effects of such a policy
change, as opposed to moving classes down to the level of fifteen students.
Morcover, Glass and Smith's original analysis, on which Project STAR was
based, casts serious doubts on the potential for any improvement in stu-
dent performance from such a policy.®!

Much of the case for reduced class size rests on common sense. Wich
fewer students, teachers can devote more attention to each child and can
tailor the matcrial to an individual child’s necds. But consider, for example,
a change from classes of twenty-six students to classes of twenty-three. This
represents an increase of over 10 percent in teacher costs alone (and most
likely would raise other costs as well). It is relevant to ask whether teachers
would in fact notice such a change and aler their approach. The observa-
tional information from teacher and classroom process effects of the one-
third class size reductions in Project STAR suggest no noticeable changes.?

The policy issuc is not defined exclusively by whether one should expect
positive effects from reducing class size. Class size reduction is one of the
most cxpensive propositions for change in the schools. Project STAR
involved increasing the number of classroom teachers by one-third, a pol-

60, In the short run, it is quite conceivable that the California program could have negative effects,
Because it was introduced unexpectedly and with little lead time, many districts found themsclves
without the necessary classrooms of teachers to permiit the desired reductions in class sizes, leading to
wansitional difficulties with consequences for 2 number of years. Unfortunately, i¢ will never be possi-
ble 1o analyze the effects of this program because it was available to all school districts. Although some
districes did not immediately lowcr class sizcs, these surely were not otherwise comparable to the dis-
teicts thae did.

61, Glass and Smith (1979).

62. Finn and Achilles (1990).
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icy with massive expenditnre implications if implemented on a widespread
basis. ‘I'he expense of such policies puts natural limits on what is feasible,
so that many reductions are ultimately racher marginal. Marginal changes,
however, are even less likely to lead to underlying changes in the behavior
of teachers.®

But could reducing class size hure? Many argue (correctly) that improv-
ing the quality of U.S. schools should be a very high priority for policy at
the local, state, and national levels. Morcover, this argument is supple-
mented by concerns about equity and equality of opportunity that follow
from significant disparities in outcomes across economic and racial groups.
Faced with these real concerns and given the strong advocacy for reducing
class sizes from teachers and parents, many politicians appear to find pro-
posals to reduce class size simply irresistible. After all, some students will
undoubtedly benefit from smaller classes cven if all do not.

The primary argument against pursuing policies with little chance of
success is that bad policy drives out good policy. There are clear limits to
the amount of funds and attention available to education. Squandering
public and political attention on policies that reinforce existing inefficien-
cies and promise little hope of success is likely to have long-term conse-
quences, although these will not be apparent until some time in the future.

The available evidence indicates that the ultimate effect of any large-
scale program to reduce class size will depend much more importantly on
the quality of the new teachers hired than on the effects of smaller classes
per sc. Variations in teacher quality have been shown to be extraordinarily
important for student achievement, and econometric studies indicate that
these variations completely dominate any effects of altered class size.* Thus

63. The magnitude of achicvement effects versus expenditure can be put into perspective from the
analysis of Texas schools by Rivkin, Hanushck, and Kain (1998). In that study, an increase in spend-
ing of $1,000 per student would yield a seduction in class size by from three to six students, depend-
ing on how it was accomplished. Such an expenditure, which represents a 14 percent increase from the
1996 national average of $7,000 per student, is estimated to yicld an increase of 0.05 t0 0.10 standard
deviation of performance for low-income students in the fourth grade and half that amount in fifch
grade. For students not eligible for frec o reduced-price lunches and for low-income students in later
grades, there is no reason to expect any average improvement for such an increase. Reductions of the
magnitude considered in Project STAR would cost cven more than those considered here.

64. Rivkin, Hanushek, and Kain (1998) demonstrate that class size variation can explain just a very
small portion of the variation in student achicvement and that variations in teacher quality are much
more significant. Hanushck (1992) estimates variations in total ccacher differences (measured and
unmeasured) and shows that the differences in student achicvement with a good versus a bad teacher
can represent more than one grade level within a single school year. Sce other references in Hanushek
(1997).
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i new hires resulting from a class size reduction policy are above the aver-
ape quality of existing teachers, average student performance is likely to
increase; il below the average teacher quality, average student performance
is likely to fall with class size reductions. But from past experience there is
little reason to believe that the quality of new teachers will be significancly
different from chat of existing teachers unless the incentives facing schools
also change.®

"lo many in the system, one appeal of simple class size policies is that
they maintain the existing structure of schools while simply adding more
resources. Yet the existing organization and incentives have proved very
incflective at translating resources into student performance. Moreover,
much of the expenditure growth in the past came from pursuing the very
policies being proposed today. If such policies failed previously, why should
the next round be any differene?

‘I'he uncerrainty about the specific circumstances that lead to desirable
student performance through smaller classes and the ineffectiveness of cur-
rent selection, hiring, and retention policies for teachers are exactly what lie
hehind calls for improved incentives in the schools.® The current school
structure provides few incentives for improving student performance. In
essence, nobody’s job or economic reward depends on student perfor-
mance. In such a situation, nobody really expends much effort to discover
in which situations small classes will succeed. Decisions about class size are
discussed in terms of fairness rather than student performance or cost con-
trol. Would it be fair to allow one group of students or teachers to have
small classes while others must have large classes? Such logic, which totally
ignores consideration of effectiveness, has almost certainly contributed to
the growth in expenses and use of resources underlying the currently in-
cHlective school operations.

Most discussions of class size reductions begin with the assertion that
student performance will increasc only if class sizes are reduced, a proposi-
tion generally shown to be erroneous. These discussions then move quickly
to policies of large-scale reductions in pupil-teacher ratios that offer no
direct linkage between specific decisions about class size and student per-

65. Under some circumstances, such as the large unexpected hiring in 1996 for the California class
sire reduction program, one might cxpect the average quality to fall. In general, however, there is no
shortage of trained teachers, and the ceal issuc is sclection from the substantial pool not currendy
employed in the schools. Sec Ballou and Podgursky (1997); Murnane and others (1991).

66. Hanushek and others (1994).
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lormance, The sitnagion in the schools and the resulting educational out-
comes mipht change significandy il everyone had stronger incentives to
use budgets wiscly and to improve student performance.
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