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Abstract. Recent national concerns about student performance on PISA tests and
similar assessments appear warranted because of the direct relationship between
student cognitive skills and both individual earnings and national growth. The
evidence on the impacts of school quality indicates very large economic effects.
Available research shows, however, that improving school quality is difficult and not
closely related to spending levels. One approach supported by research is improving
teacher quality, which can yield sizable gains in student performance. Instituting
appropriate policies to alter the teacher force will necessarily take significant time.
JEL classification: I2, J2, O4.
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1. INTRODUCTION
No country in the world has been as attuned to issues of educational quality
as Germany has over the past few years. The national reaction to the
performance of German 15-year-olds on the PISA tests of 2000 went far
beyond that seen in other countries. Economic analysis suggests that the
attention given to school performance in Germany is warranted. School
quality has powerful effects on individual productivity and on national
growth. But further analysis suggests that achieving improvements in the
quality dimension will be difficult and will take long-term commitments to
change.
This article brings together economic analyses of school quality to provide
a picture both of the benefits to quality improvements and of the potential
costs of them. Much of the early and continuing development of empirical
work on human capital concentrates on the role of school attainment, that is,
the quantity of schooling. Quantity of schooling is easily measured, and data
on years attained, both over time and across individuals, are readily available.
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Nonetheless, today’s policy concerns in most corners of the world revolve
much more around issues of quality than issues of quantity.
It is somewhat common in policy debates simply to note that economic
analysis shows that schooling is very important (based on the returns to more
years of schooling) and then turn to policies that are designed to improve
quality of schooling. This approach, however, gives no guidance to how to
compare the costs and benefits of any program of school quality improvement. Indeed, it might be very misleading if the returns to quality are very
different than the returns to quantity of schooling.
One of the challenges in understanding the impact of school quality
differences in human capital has been simply knowing how to measure
quality. Much of the discussion of quality – in part related to new efforts to
provide better accountability – has identified cognitive skills as the important
dimension. And, clearly, much of the concern over PISA results and other
international test scores implicitly assumes this is an appropriate measure.
The question here is whether this proxy for school quality – students’
performance on standardized tests – is correlated with economic outcomes
including individuals’ performance in the labor market and the economy’s
ability to grow. Until recently, little comprehensive data have been available
to show any relationship between differences in cognitive skills and any
related economic outcomes. Such data are now becoming available.
It is important to understand what the evidence on quality says and to use
this in any policy discussions. Two very important conclusions emerge. First,
improving school quality can lead to dramatic economic gains – ones that
could in the aggregate pay for all of national expenditure on schooling after a
generation. But, second, realizing these gains will require more patience and
commitment than usually present in the political system.

2. IMPACTS OF QUALITY ON ECONOMIC GROWTH
Economic growth determines how much improvement will occur in the
overall standard of living of society. Moreover, the education of each
individual has the possibility of making others better off (in addition to the
individual benefits discussed below). Specifically, a more educated society
may lead to higher rates of invention; may make everybody more productive
through the ability of firms to introduce new and better production methods;
and may lead to more rapid introduction of new technologies. These
externalities provide extra reason for being concerned about schooling.
Economists have developed a variety of models and ideas to explain
differences in growth rates across countries – invariably featuring the
importance of human capital (see Barro and Sala-i-Martin, 2003). The
empirical work supporting growth analyses has emphasized school attainment differences across countries. Again, this is natural because, while
compiling comparable data on many things for different countries is difficult,
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assessing quantity of schooling is more straightforward. The typical study
finds that quantity of schooling is highly related to economic growth rates.
But, quantity of schooling is a very crude measure of the knowledge and
cognitive skills of people – particularly in an international context.1
Hanushek and Kimko (2000) go beyond simple quantity of schooling and
delve into quality of schooling.2 We develop a consistent measure of labor
force quality based on information about international differences in
mathematics and science knowledge. The basic statistical models relate
annual growth rates of GDP per capita (gc) to our measure of labor force
quality (Tc), the initial level of income (Y0 ), the quantity of schooling (Sc), and
a vector of other control variables (Zc, which includes in different
specifications the population growth rates, political measures, openness of
the economies, and the like):
gc ¼ a0 þ ZTc þ a1 Yc0 þ a2 Sc þ Zc f þ nc

ð1Þ

We combine all of the international test scores available through 1991 into
a single composite measure of quality and consider statistical models that
explain differences in growth rates across nations during the period 1960 to
1990.3 In 1963 and 1964, the International Association for the Evaluation of
Educational Achievement (IEA) administered the first of a series of
mathematics tests to a voluntary group of countries. Five subsequent testings,
sponsored by the IEA and others including the OECD, assessed both math
and science and expanded on the group of countries that have been tested.
There is some movement in student performance across time of country
1. Critics of the existing research built on school attainment or school enrollment rates have
raised several questions. First, even though there might be a correlation between growth and
school attainment, it may not be a causal relationship. Growing countries may use a portion
of their wealth to buy more schooling, leading to the observed correlation (Bils and Klenow,
2000). Second, the estimated impacts are sensitive to the precise specification of the
underlying statistical analyses, and it is very difficult with the available data to distinguish
among alternative estimates (Levine and Renelt, 1992; Levine and Zervos, 1993; Benhabib
and Spiegel, 1994). Finally, the estimates of schooling on growth are significantly different
than what would be expected from the micro relationship between individual earnings and
schooling – possibly reflecting the misuse of education in socially unproductive ways
( Pritchett, 2001; Easterly, 2002). Other authors have shown, however, that a number of the
research anomalies disappear when measurement issues are dealt with (Topel, 1999; Krueger
and Lindahl, 2001; Soto, 2002). Importantly, these authors do not even directly address
what is perhaps the most important measurement issue – and the subject of this article.
Variations in cognitive skills and measured quality show that the knowledge at a given level
of schooling completion in some countries has virtually nothing in common with that in
other countries.
2. Barro and Lee (2001) provide an analysis of qualitative differences that also includes literacy.
3. We exclude the three TIMSS tests from 1995–2003 and the PISA tests from 2000–03 because
they were taken outside of the analytical period on economic growth. We combine all test
measures available for each country over the 1965–91 period into a single measure for each
country. (Note that the United States and the United Kingdom are the only countries to
participate in all of the testing.)
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performance on the tests, but for the one country that can be checked – the
United States – the pattern is consistent with other US data.4
Estimation across countries with test information explains a substantial
portion of the variation in economic growth across countries. Most important,
the quality of the labor force (Tc) as measured by math and science scores is
extremely important, both in statistical terms and in magnitude. One standard
deviation difference on test performance is related to 1 per cent difference in
annual growth rates of GDP per capita.5 Because the added growth compounds,
it leads to powerful effects on national income and on societal well-being.
The subsequent considerations of economic benefits to quality improvement employ these growth estimates. Before discussing the magnitude of
these effects, it is useful to consider their interpretation and credibility.
One common concern in analyses such as this is that schooling might not
be the actual cause of growth but, in fact, may just reflect other attributes of
the economy that are beneficial to growth. For example, the East Asian
countries consistently score very highly on the international tests, and they
also had extraordinarily high growth over the 1960–90 period. It may be that
other aspects of these East Asian economies have driven their growth and that
the statistical analysis of labor force quality simply is picking out these
countries. But in fact, even if the East Asian countries are excluded from the
analysis, a strong – albeit slightly smaller – relationship is still observed with
test performance. This test of sensitivity of the results seems to reflect a basic
importance of school quality, a factor that contributes also to the observed
growth of East Asian countries.
Another concern might be that other factors that affect growth, such as
efficient market organizations, are also associated with efficient and
productive schools – so that, again, the test measures are really a proxy for
other attributes of the country. In order to investigate this, we concentrate on
immigrants to the United States who received their education in their home
countries. We find that immigrants who were schooled in countries that have
higher scores on the international math and science examinations earn more
in the United States. This analysis makes allowance for any differences in
school attainment, labor market experience or being native English-language
speakers. In other words, skill differences as measured by the international
tests are clearly rewarded in the United States labor market, reinforcing the
validity of the tests as a measure of individual skills and productivity.
4. The National Assessment of Educational Progress (NAEP) in the United States is designed to
follow performance of US students for different subjects and ages. NAEP performance over
this period exhibits a sizable dip in the 1970s, a period of growth in the 1980s, and a leveling
off in the 1990s – exactly the pattern of US scores on the various international tests given
over the same time period.
5. The details of this work can be found in Hanushek and Kimko (2000) and Hanushek (2003b).
Importantly, the effect school quantity is greatly reduced by including quality, but adding
other factors potentially related to growth (including aspects of international trade, private and
public investment, and political instability) leaves the effects of labor force quality unchanged.
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Finally, the observed relationships could simply reflect reverse causality,
that is, that countries that are growing rapidly have the resources necessary to
improve their schools and that better student performance is the result of
growth, not the cause of growth. This issue is potentially important when
policy alternatives are considered below, but, as a simple test of this, we
investigated whether the international math and science test scores were
systematically related to the resources devoted to the schools in the years
prior to the tests. They were not. If anything, we found relatively better
performance in those countries spending less on their schools.
One final issue needs consideration: the United States has never done well
on these international assessments, yet its growth rate has been very high for
a long period of time. The reconciliation is that quality of the labor force is
just one aspect of the economy that enters into the determination of growth.
A variety of factors clearly contribute, and these factors work to overcome any
deficits in quality. These other factors may also be necessary for growth. In
other words, simply providing more or higher-quality schooling may yield
little in the way of economic growth in the absence of other elements, such as
the appropriate market, legal and governmental institutions to support a
functioning modern economy. Past experiences investing in less developed
countries that lack these institutional features demonstrates that schooling is
not itself a sufficient engine of growth.6
Three other factors immediately come to mind as being important in US
growth and as potentially masking to detrimental effects of low school
quality. First, almost certainly the most important factor sustaining the
growth of the US economy is the openness and fluidity of its markets. The
United States maintains generally freer labor and product markets than most
countries in the world. The government generally has less regulation on firms
(both in terms of labor regulations and in terms of overall production), and
trade unions are less extensive than those in many other countries. Even
broader, the United States has less intrusion of government in the operation
of the economy – not only less regulation but also lower tax rates and
minimal government production through nationalized industries. These
factors encourage investment, permit the rapid development of new products
and activities by firms, and allow US workers to adjust to new opportunities.
While identifying the precise importance of these factors is difficult, a variety
of analyses suggest that such market differences could be very important
explanations for differences in growth rates.7

6. Indeed, some have questioned the precise role of schooling in growth. Easterly (2002), for
example, notes that education without other facilitating factors such as functioning
institutions for markets and legal systems may not have much impact. He argues that World
Bank investments in schooling for less developed countries that do not ensure that the other
attributes of modern economies are in place have been quite unproductive. Similarly,
Pritchett (2001) worries about socially unproductive uses of schooling.
7. See, for example, Krueger (1974), World Bank (1993) and Parente and Prescott (1994, 1999).
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Second, over the twentieth century, the expansion of the education system
in the United States outpaced that around the world. The United States
pushed to open secondary schools to all citizens. With this came also a move
to expand higher education with the development of land grant universities,
the GI bill, and direct grants and loans to students. In comparison with other
nations of the world, the US labor force has been better educated, even after
allowing for the lesser achievement of its graduates. In other words, more
schooling with less learning each year has yielded more human capital than
found in other nations that have less schooling but learn more in each of
those years. (This advantage has clearly ended as many OECD countries have
expanded schools to exceed that found in the United States; Organisation for
Economic Co-operation and Development, 2003.)
Finally, the analysis of growth rates across countries emphasizes quality of the
elementary and secondary schools of the United States. It did not include any
measures of the quality of US colleges. By most evaluations, US colleges and
universities rank at the very top in the world. A number of the economic models
of economic growth in fact emphasize the importance of scientists and
engineers as a key ingredient to growth. By these views, the technically trained
college students who contribute to invention and to development of new
products provide a special element to the growth equation. Here, again, the
United States appears to have the best programs. If this view is correct, US higher
education may continue to provide a noticeable advantage over other countries.
This detail on the modeling is important, because the results figure into the
analysis of school quality. The summary statement at this point is that the
relationship between math and science skills on the one hand and productivity and growth on the other comes through clearly when investigated in a
systematic manner across countries. The magnitude of the effect underscores
the importance of high-quality schooling.

3. THE BENEFITS OF QUALITY IMPROVEMENT
The impact of improved quality can be directly calculated from the
considerations of how quality affects growth rates for economies. Two
dimensions of quality improvement are important: how much improvement
in quality is considered and how fast is any change to be realized.
Most policy discussions do not pay much attention to the speed of change.
But, if student achievement is to be raised by improving the schools, it will
take time to introduce the school programs, it will take time for students to
gain the new knowledge and skills, and it will take time for them to enter
the labor market and have their impact felt. To start, we can simply look at
the effects under different assumptions about the speed of reform – 10 years,
20 years or 30 years to achieve the desired improvements in student performance. (The discussion below provides ways of assessing the realism of
differing speeds of reform.)
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Figure 1

Improved GDP with moderately strong knowledge improvement (0.5 S.D.)

For our purposes, it is also important to be clear about the magnitude of
improvement that is being considered. As a benchmark, we set a ‘moderately
strong’ reform at a 0.5 standard deviation improvement on the international
math and science tests that are used to index quality in the growth models. In
terms of the PISA scores in 2003, this moderately strong reform would move
Germany from the middle of the OECD distribution of math scores to around
the level of Belgium or Canada. This movement would not be the top of the
distribution but would be substantial.
Figure 1 illustrates the impact that reform could be expected to have over
time if it is successful at achieving such moderately strong knowledge
improvement. The curves sketch out the path of GDP improvement that
would occur with a reform plan that reaches its improvement goal within 10,
20 or 30 years.8
Consider just the slow improvement of schools over a 30-year period. In
2040, the GDP would be almost 4 per cent higher than projected without the
schooling reforms. This magnitude would cover total school spending in
many countries of the world. Of course, faster reforms would yield even
greater gains in GDP.

8. These calculations simulate a linear improvement across 12 grades in school that is sufficient
to obtain a 0.5 S.D. improvement in the given reform period. After the reform period, school
quality remains constant at the new higher level. Students enter the labor force each year
with the appropriate ‘reform quality’ of schooling, and they age over time so that the
average labor force quality gradually changes.
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4. IMPACTS OF QUALITY ON INDIVIDUAL PRODUCTIVITY
AND INCOMES
School quality also has direct implications for the productivity and earnings
of individuals.9 Recent analyses underscore this impact of quality.
Most attention has been, and still is, directed at the returns to years of
school or school attainment. Beginning with Mincer (1970, 1974), economists have employed readily available census data to do estimate what is now
simply referred to as a ‘Mincer equation’:
lnðyi Þ ¼ a0 þ rSi þ a1 exp þ a2 exp2 þ Xi b þ ei

ð2Þ

where yi is earnings, Si is years of schooling, expi is labor market (or potential)
experience, Xi is a vector of other individual attributes, and ei is an error term.
The object of attention, r, is interpreted as the rate of return to a year of
schooling, and this has been estimated for a very large number of countries
around the world (see Psacharopoulos, 1994).10
A variety of researchers, however, have investigated how quality enters,
and they document that the earnings advantages to higher achievement on
standardized tests are quite substantial.11 These results are derived from
different specific approaches, but the basic underlying analysis involves
estimating a standard ‘Mincer’ earnings function and adding a measure of
individual cognitive skills:
lnðyi Þ ¼ a0 þ rSi þ gTi þ a1 exp þ a2 exp2 þ Xi b þ ei

ð3Þ

where Ti is the individual’s measured cognitive skill and g is the return to
quality.
While these various analyses emphasize different aspects of individual
earnings, they typically find that measured achievement has a clear impact
on earnings after allowing for differences in the quantity of schooling, the
9. By implication, the distribution of schooling outcomes also enters into the distribution of
income in society, although those effects are not considered here.
10. There has been some controversy over exactly how to estimate the rate of return to school
attainment. The main issue has revolved around whether or not a causal interpretation can
be given to r. The argument has been that higher-ability students are more likely to
continue in schooling. Therefore, part of the higher earnings observed for those with
additional schooling really reflects pay for added ability and not for the additional
schooling. Early discussion of ability bias can be found in Griliches (1974). Economists have
pursued a variety of analytical approaches for dealing with this. The approaches have
included looking for circumstances where the amount of schooling is affected by things
other than the student’s valuation of continuing and considering the income differences
among twins (see Card, 1999). The various adjustments for ability differences typically make
small differences on the estimates of the value of schooling, and Heckman and Vytlacil
(2001) argue that it is not possible to separate the effects of ability and schooling.
11. A separate line of research investigates expenditure and resource differences across schools,
but these measures are known to be poor measures of school quality differences (Hanushek,
2002).
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experiences of workers, and other factors that might also influence earnings.12 In other words, higher quality as measured by tests similar to those
currently being used in accountability systems around the country is closely
related to individual productivity and earnings.
The magnitude of the effects is easiest to see from three recent US studies
that provide direct and quite consistent estimates of the impact of test
performance on earnings (Mulligan, 1999; Murnane et al., 2000; Lazear,
2003). These studies employ different nationally representative datasets that
follow students after they leave schooling and enter the labor force. When
scores are standardized, they suggest that one standard deviation increase in
mathematics performance at the end of high schools translates into 12 per
cent higher annual earnings.
Murnane et al. (2000) provide evidence from the High School and Beyond
and the National Longitudinal Survey of the High School Class of 1972. Their
estimates suggest some variation with males obtaining a 15 per cent increase
and females a 10 per cent increase per standard deviation of test performance.
Lazear (2003), relying on a somewhat younger sample from the National
Education Longitudinal Study of 1988 (NELS88), provides a single estimate of
12 per cent. These estimates are also very close to those in Mulligan (1999),
who finds 11 per cent for the normalized AFQT score in the National
Longitudinal Survey of Youth (NLSY) data. By way of comparison, estimates of
the value of an additional year of school attainment are typically 7–10 per cent.
These estimates are very significant: a person one-half standard deviation
above the current mean performance on these cognitive tests can expect to
earn 6 per cent per year more than the average person each and every year of
the working life.
There are reasons to believe that these estimates provide a lower bound on
the impact of higher achievement. First, these estimates are obtained fairly
early in the work career (mid-20s to early 30s), and other analysis suggests
that the impact of test performance becomes larger with experience.13
Second, the labor market experiences that are observed begin in the mid1980s and extend into the mid-1990s, but other evidence suggests that the
value of skills and of schooling has grown throughout and past that period.
Third, future general improvements in productivity are likely to lead to larger
returns to skill.14

12. The clearest analyses are found in the following references (which are analyzed in Hanushek, 2002). See Bishop (1989, 1991), O’Neill (1990), Blackburn and Neumark (1993, 1995),
Grogger and Eide (1993), Murnane et al. (1995, 2000, 2001), Neal and Johnson (1996),
Mulligan (1999), Altonji and Pierret (2001) and Lazear (2003).
13. Altonji and Pierret (2001) find that the impact of achievement grows with experience,
because the employer has a chance to observe the performance of workers.
14. These analyses typically compare workers of different ages at one point in time to obtain an
estimate of how earnings will change for any individual. If, however, productivity
improvements occur in the economy, these will tend to raise the earnings of individuals
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A limited number of additional studies are available for developed
countries outside of the United States. McIntosh and Vignoles (2001) study
wages in the United Kingdom and find strong returns to both numeracy and
literacy.15 Finnie and Meng (2002) and Green and Riddell (2003) investigate
returns to cognitive skills in Canada. Both suggest that literacy has a
significant return, but Finnie and Meng (2002) find an insignificant return to
numeracy. This latter finding stands at odds with most other analyses that
have emphasized numeracy or math skills. Even without a broader empirical
base, it seems plausible to believe that the kinds of returns to quality found in
the US are similar to those existing in other countries.
Without pursuing it in any detail, it is important to note that these returns
to higher skills also appear to hold across developing countries. The literature
on returns to cognitive skills in developing countries is restricted to a
relatively limited number of countries: Ghana, Kenya, Morocco, Pakistan,
South Africa and Tanzania.16 There are reasons for caution in interpreting the
precise magnitude of estimates. First, the estimates appear to be quite
sensitive to the estimation methodology itself. Both within individual studies
and across studies using the same basic data, the results are quite sensitive to
the techniques employed in uncovering the fundamental parameter for cognitive skills.17 Second, the evidence on variations within developing countries
is not entirely clear. For example, Jolliffe (1998) finds little impact of skills on
farm income, while Behrman et al. (forthcoming 2005) suggest an equivalence
across sectors at least on theoretical grounds. Nonetheless, the overall summary
is that the available estimates of the impact of cognitive skills on outcomes
suggest strong economic returns within developing countries.
Quantity of schooling also has a direct effect in the estimates of individual
earnings, implying that part of the full return to school quality can come
through continuation in school.18 There is substantial US evidence that
students who do better in school, either through grades or scores on
standardized achievement tests, tend to go farther in school. Murnane et al.
(2000) is perhaps most interesting because of its linkage to the earning effects

15.
16.

17.

18.

over time. Thus, the impact of improvements in student skills are likely to rise over the work
life instead of being constant as portrayed here.
Because they look at discrete levels of skills, it is difficult to compare the quantitative
magnitudes directly to the US work.
Moreover, a number of studies actually employ the same basic data, albeit with different
analytical approaches, but come up with somewhat different results. The available studies
are: Boissiere et al. (1985), Knight and Sabot (1990), Glewwe (1996), Angrist and Lavy (1997),
Jolliffe (1998), Moll (1998), Vijverberg (1999), Behrman et al. (forthcoming 2005).
The sensitivity to estimation approach is not always the case; see, for example, Jolliffe
(1998). A critique and interpretation of the alternative approaches within a number of these
studies can be found in Glewwe (2002).
This work has not, however, investigated how achievement affects the ultimate outcomes of
additional schooling. For example, if over time higher-achieving students tend increasingly
to attend further schooling, these schools may not be forced to offer as many remedial
courses.
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of quality. They separate the direct returns to measured skill from the indirect
returns of more schooling (through alternative specifications of equation (3))
and suggest that perhaps one-third to one-half of the full return to higher
achievement comes from further schooling.19
As with the estimation of the returns to the quantity of schooling, there are
potential concerns about the causal interpretation of the quality estimates.
The largest issue, which will be addressed below, is the impact of schools
versus other inputs such as families. The measured achievement employed in
the earnings models clearly represents a variety of influences.

5. REFORM PROGRAMS
Policy-makers around the world have taken up the pursuit of improved
school quality. Sometimes it is based on concerns about the observed
performance on assessments – ones like PISA that provide direct information
on relative performance. Sometimes it is based simply on their instincts or on
the political popularity of discussing school quality issues.
One important feature, however, pervades much of the existing
reform discussion. Reform policies have generally been expensive, but they
have not led to widespread improvements in student performance. The
United States experience in seeking school quality improvement probably is
not representative. Nonetheless, after truly substantial increases in the
resources to school, measured performance went up only slightly between
1970 and 2000.20
The existing evidence suggests that common improvement strategies
center on such things as increasing teacher qualifications or reducing class
size do not have a powerful effect on student outcomes (see discussion in
Hanushek, 2003a). Although clearly controversial, the past analyses of
resource policies do not indicate that continuation of these as a very hopeful
way to achieve student performance increases.
19. Other relevant work, including Rivkin (1995), finds that variations in test scores capture a
considerable proportion of the systematic variation in high school completion and in
college continuation, so that test score differences can fully explain black–white differences
in schooling. Bishop (1991) and Hanushek et al. (1996), in considering the factors that
influence school attainment, find that individual achievement scores are highly correlated
with continued school attendance. Neal and Johnson (1996) in part use the impact of
achievement differences of blacks and whites on school attainment to explain racial
differences in incomes. Their point estimates of the impact of cognitive skills (AFQT) on
earnings and school attendance appear to be roughly comparable to that found in Murnane
et al. (2000). Behrman et al. (1998) find strong achievement effects on both continuation
into college and quality of college; moreover, the effects are larger when proper account is
taken of the various determinants of achievement. Hanushek and Pace (1995) find that
college completion is significantly related to higher test scores at the end of high school.
20. Between 1960 and 2000, real spending per pupil in the United States more than tripled.
These increases are compared to scores of 17-year-olds on the National Assessment of
Educational Progress.
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One possible explanation for past failure, supported by research into the
determination of achievement, is that insufficient attention has been given
to teacher quality. By many accounts, the quality of teachers is the key to
student performance. But the research evidence suggests that many of the
policies that have been pursued have not been very productive. Specifically,
while the policies may have led to changes in measured aspects of teachers,
they have not improved the quality of teachers when identified by student
performance.21
Output-based measures of teacher quality are rather new, and they are nonexistent for research outside of the United States. Thus, this part of the analysis
is based entirely on the US teacher market and the quality distribution found
there.
Rivkin et al. (2005) describe estimates of differences in teacher quality on
an output basis. Specifically, the concern is identifying good and bad teachers
on the basis of their performance in obtaining gains in student achievement.
An important element of that work is distinguishing the effects of teachers
from the selection of schools by teachers and students and the matching of
teachers and students in the classroom. In particular, highly motivated
parents search out schools that they think are good, and they attempt to
place their children in classrooms where they think the teacher is particularly
able. Teachers follow a similar selection process (Hanushek et al., 2004). Thus,
from an analytical viewpoint, it is difficult to sort out the quality of the
teacher from the quality of the students that she has in her classroom. The
analysis of teacher performance goes to great lengths to avoid contamination
from any such selection and matching of kids and teachers.22 In the end, we
estimate the distribution of teacher quality: one standard deviation in teacher
quality is at least 0.11 standard deviations of annual growth in student
achievement.
It is useful to put this estimate of the variation in quality into perspective.
This estimate implies that having a ‘good’ teacher (one standard deviation of
quality above the mean) as compared to the mean teacher quality would lead
the average student to move up over four percentile points in the year. If a
student had a good teacher as opposed to an average teacher for five years in a
row, the increased learning would be sufficient to close entirely the average
gap between a typical low-income student and a higher-income student (i.e.
one not on free or reduced lunch).
21. For a review of existing literature, see Hanushek and Rivkin (2004). This paper describes
various attempts to estimate the impact of teacher quality on student achievement.
22. The analysis uses annual test score data on all public school students in the State of Texas.
Several entire cohorts of students (over 200,000 per cohort) are tracked across time. To deal
with selection, it concentrates on differences among teachers within a given school in order
to avoid the potential impact of parental choices of schools. Moreover, it employs a strategy
that compares grade-level performance across different cohorts of students, so that the
matching of students to specific teachers in a grade can be circumvented. As such, it is very
much a lower-bound estimate on differences in teacher quality.
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In another attempt to estimate the variation in teacher quality, we analyze
variations across classrooms within a large school district in Texas (Hanushek
et al., 2005). In this, we match individual teachers and students and look at
achievement-based quality measures of each teacher compared to all of the
teachers in the district or, alternatively, all of the other teachers in each
school. On a basis comparable to the prior estimates, we obtain an estimate of
teacher quality between 0.15 and 0.18 standard deviations of student
achievement.
These estimates of the importance of teacher quality permit calculations of
what would be required to yield the reform results discussed earlier.
Specifically, consider what kinds of teacher policies might yield a 0.5 standard
deviation improvement in student performance. Obviously an infinite number
of alternative hiring plans could be used to arrive at any given end point. A
particularly simple plan is employed here to illustrate what is required.
Consider a steady improvement plan where the average new hire is chosen
at a constant amount better than the average existing teacher in each year.23
For example, the average teacher in the current distribution is found at the
50th percentile. Consider a policy where the average of the new teachers
hired is set at the 56th percentile and where future hires continue to be at this
percentile each year of the reform period. (Note that, because better teachers
are being hired each year, the mean rises. Thus, always hiring at the 56th
percentile means that the average new hire in each year is better than the
average in the previous year.)
What kinds of teacher replacement policies would be feasible? To illustrate
an overall reform policy, the calculations simply assume that replacement
rates are the same as found in the United States. In 1994–95 school year, 6.6
per cent of all teachers left teaching; 13.8 per cent of all teachers either left
teaching or moved to a new school.
By maintaining the lower replacement rate of all teachers exiting teaching
(6.6 per cent annually) but retaining all other teachers each year, a
replacement policy set at the 56th percentile would yield a 0.5 standard
deviation improvement in student performance after a 20-year period. If
instead we thought of applying these new standards to all teacher turnover
(exits plus the 7.2 per cent who change schools), a 0.5 S.D. improvement in
student performance could be achieved in 10 years.
Figure 2 displays the annual hiring improvement that is necessary to achieve
a 0.5 standard deviation improvement under a 10-, 20- and 30-year reform plan
and based on applying it to either just those exiting or the higher turnover rates
that include transfers. As is obvious, the stringency of the new hiring is greater
when there is a shorter reform period and when fewer new (higher quality)
teachers are brought in each year. Achieving a 0.5 S.D. boost in achievement in
23. Because the previous estimates ignore teacher quality differences between schools in the
central city and suburban areas, these calculations use an estimate of the standard deviation
of teacher quality of 0.22 S.D. of student performance.
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Annual required hiring percentile for moderately strong improvement in
student achievement

10 years by upgrading just those who exit each year implies hiring at the 61st
percentile, but this declines to the 52nd percentile for a 30-year plan where the
higher turnover population is subject to these new hiring standards.
These calculations are meant to illustrate two points. First, existing
research into student achievement and teacher quality shows that teachers
have significant leverage on performance. By implication, if better teachers
can be hired and retained, significant changes in student achievement can be
obtained. Second, without dramatic changes in policies about teacher
retention, feasible reform will take a quite long period of time. Specifically,
unless larger numbers of current teachers are fired and replaced, changing the
character of the teaching force takes time.

6. CONCLUSIONS
The previous analysis shows that a country can get substantial gains in
student performance if it can adopt policies that will improve the teaching
force. But, a clear message is that patience and persistence are required.
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If policies are aimed at the quality of teachers, one cannot simply eliminate
all current teachers and start over. Instead, if the changes come through
selective hiring and retention policies whenever there are replacements, it
takes a considerable length of time before the teaching force is likely to be
different. And then it takes time for students to experience these differences.
This contrasts with policies that simply aim at lifting the quantity of
schooling completed. Through just expanding the system (adding more
schooling opportunities on top of the old ones) and inducing current
students to stay in school longer, the average attainment can be increased
fairly rapidly. The changes in completion of upper secondary schools that
have been accomplished over the past three decades in OECD countries
illustrate the rates of increase possible when talking about quantity of
schooling. On average, contrasting the completion rates for upper secondary
schooling of 25–34-year-olds with 55–64-year-olds, countries increased the
completion rate by 0.8 percentage points per year for 30 years (Organisation
for Economic Co-operation and Development, 2003).
Policies aimed at student achievement and school quality cannot feasibly
obtain such rapid changes. This means that policy-makers will have to stay
with policies for a very long period of time – a time during which economic
effects will be difficult to discern.
Nonetheless, it is worth it. Individuals will see higher productivity and
earnings. And national income will grow substantially. As illustrated in Figure
1, as an increasing number of new, higher-quality graduates are found in the
labor market, GDP growth can be expected to lead to sizable gains. Under
reasonable scenarios, most countries would be able to pay for all the primary
and secondary school spending when the policies have had time to play out.
The underlying empirical analysis into student achievement allows for
direct inputs of families into education along with indirect impacts through
the selection of a school and possibly a teacher within a school. Thus, it
reinforces the basic point that the observed scores of students – either within
a country or across countries – only partly reflects the value-added of schools.
Nonetheless, from a policy viewpoint, the analysis assumes that effective
policies to change schooling through the families are difficult and that the
only policy option is to deal through the schools.
This paper has also not dealt with the question of how the quality of the
teaching force can be improved. A variety of alternative incentives schemes
have been suggested, although we have little experience with any of them
(Hanushek and Rivkin, 2004).24 Nonetheless, the magnitude of gains
suggests that a wide range of substantial incentive schemes could be
introduced with the gains from an improved economy.

24. Additionally, teacher-training institutions will undoubtedly have to change if the overall
quality of the teaching force is to increase by the substantial amounts discussed.
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