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Achievement Growth:
International and U.S.
State Trends

in Student Performance

ERIC A. HANUSHEK
PAUL E. PETERSON
LUDGER WOESSMANN

Executive Summary

“The United States’ failure to educate
its students leaves them unprepared to
compete and threatens the country’s ability
to thrive in a global economy.” Such was
the dire warning recently issued by a task
force sponsored by the Council on Foreign
Relations. Chaired by former New York City
schools chancellor Joel I. Klein and former
U.S. secretary of state Condoleezza Rice, the
task force said that the country “will not be
able to keep pace—much less lead—globally
unless it moves to fix the problems it has
allowed to fester for too long.”!

The report’s views are well supported
by the available evidence. In a 2010 report,
only 6 percent of U.S. students were found

to be performing at the advanced level in
mathematics, a percentage lower than those attained by 30 other countries.’
Nor is the problem limited to top-performing students. Only 32 percent of 8th-
graders in the United States are proficient in mathematics, placing the United
States 32nd when ranked among the participating international jurisdictions.™

Although these facts are discouraging, the United States has made substantial
additional financial commitments to K-12 education and introduced a variety
of school reforms. Have these policies begun to help the United States close the
international gap?

While 24 countries
trail the U.S. rate of
improvement, another
24 countries appear to
be improving at

a faster rate.

i. Independent Task Force, Council on
Foreign Relations (2012).

ii. Hanushek, Peterson, and Woessmann
(2010).

fii. Peterson, Woessmann, Hanushek, and
Lastra-Anadon (2011).
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iV. The four ongoing series are as follows:

1) National Assessment of Educational
Progress (NAEP), administered by the U.S.
Department of Education;

2) Programme for International Student
Assessment (PISA), administered by the
Organisation for Economic Co-operation
and Development (OECD); 3) Trends in
International Mathematics and Science Study
(TIMSS), administered by the International
Association for the Evaluation of Educational
Achievement (IEA); and

4) Progress in International Reading Literacy
Study (PIRLS), also administered by IEA.

International Assessment Data
To find out the extent of U.S. progress toward closure of the international
education gap, we provide estimates of learning gains over the period between
1995 and 2009 for the United States and 48 other countries from much of
the developed and some of the newly developing parts of the world. We also
examine changes in student performance in 41 states within the United States
between 1992 and 2011, allowing us to compare these states with each other.
Our findings come from assessments of performance in math, science, and
reading of representative samples in particular political jurisdictions of students who
at the time of testing were in 4th or 8th grade or were roughly ages 9-10 or 14-15.
The data come from one U.S. series of tests and three series of tests
administered by international organizations. Using the equating method
described in Appendix A, it is possible to link states’ performance on the U.S.
tests to countries’ performance on the international tests, because representative

samples of U.S. students have taken all four series of tests.”

Overall Results

The gains within the United States have been middling, not stellar. While 24
countries trail the U.S. rate of improvement, another 24 countries appear to be
improving at a faster rate. Nor is U.S. progress sufficiently rapid to allow it to
catch up with the leaders of the industrialized world.

In the United States, test-score performance has improved annually at a rate
of about 1.6 percent of a standard deviation (std. dev.). Over the 14 years, gains
are estimated to be about 22 percent of a std. dev. or the equivalent of about a
year’s worth of learning. By comparison, students in three countries—Latvia,
Chile, and Brazil—improved at an annual rate of 4 percent of a std. dev., and
students in another eight countries—Portugal, Hong Kong, Germany, Poland,
Liechtenstein, Slovenia, Colombia, and Lithuania—were making gains at twice
the rate of students in the United States. Gains made by students in these 11
countries are estimated to be at least two years’ worth of learning. Another 13
countries also appeared to be doing better than the U.S.

Student performance in nine countries declined over the same 14-year time
period. Test-score declines were registered in Sweden, Bulgaria, Thailand,
the Slovak and Czech Republics, Romania, Norway, Ireland, and France. The
remaining 15 countries were showing rates of improvement that were somewhat
lower than those of the United States.

vi educationnext.org
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Progress was far from uniform across the United States, however. Indeed,
the variation across states was about as large as the variation among the
countries of the world. Maryland won the gold medal by having the steepest
overall growth trend. Coming close behind, Florida won the silver medal
and Delaware the bronze. The other seven states that rank among the
top-10 improvers, all of which outpaced the United States as a whole, are
Massachusetts, Louisiana, South Carolina, New Jersey, Kentucky, Arkansas,
and Virginia.

Iowa shows the slowest rate of improvement. The other four states whose
gains were clearly less than those of the United States as a whole, ranked from
the bottom, are Maine, Oklahoma, Wisconsin, and Nebraska. Note, however,
that because of nonparticipation in the early NAEP assessments, we cannot
estimate an improvement trend for the 1992-2011 time period for nine
states—Alaska, Illinois, Kansas, Montana, Nevada, Oregon, South Dakota,
Vermont, and Washington.

The states making the largest gains are improving at a rate two to three
times the rate in states with the smallest gains. States that were further
behind in 1992 tend to make larger gains than initially higher-performing
states. However, their initial level of performance explains only about a
quarter of the variation among the states. Also, variation in state increases
in per-pupil expenditure is not significantly correlated with the variation in
learning gains.

States with the largest gains in average student performance also tend to
see the greatest reduction in the percentage of students performing below
the basic level. They also are the ones that experience the largest percent
shift of nonproficient students to the level of proficiency set by NAEP.
However, there are some exceptions to this overall pattern. At the 8th-grade
level, the gains by educationally disadvantaged students in Texas were larger
relative to other states, given the percentage of nonproficient students who
attained NAEP proficiency. Conversely, nonproficient students in Utah,
Nebraska, Pennsylvania, Maine, Wisconsin, and Minnesota were more
likely (relative to other states) to cross the proficiency bar, given the gains
being made by the most educationally disadvantaged students. Otherwise,
an educational tide within a state that lifted an average boat lifted all boats

fairly uniformly.

The gains within the
United States have been

middling, not stellar.
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Achievement Growth:
International and U.S. State Trends
in Student Performance

ERIC A. HANUSHEK
PAUL E. PETERSON
LUDGER WOESSMANN

Introduction

Policymakers in the United States have long recognized that improved
education was important to the nation’s future.! Immediately after the Soviet
Union launched the Sputnik satellite, the U.S. Congress passed the National
Defense Education Act in 1958 to ensure the “security of the Nation” through
the “fullest development of the mental resources and technical skills of its young
men and women.”* National security was no less on the mind of a 2012 task force
that inquired into the extent to which U.S. schools were competitive with those
in other countries. Sponsored by the Council on Foreign Relations and chaired
by former New York City schools chancellor Joel I. Klein and former U.S.
secretary of state Condoleezza Rice, the task force warned, “The United States’
failure to educate its students leaves them unprepared to compete and threatens
the country’s ability to thrive in a global economy.”?

In between the 1958 and 2012 proclamations has been a long series of
exhortations to restore America’s school system to a leading position in the
world. Concerns about the quality of U.S. schools intensified in 1983, when
a government task force submitted to the Ronald Reagan administration a
widely heralded report carrying the title “A Nation at Risk.”* In 1989, with
the calls for improvement continuing, President George H. W. Bush, together
with the governors of all 50 states, set goals that would bring U.S. education
to the top of world rankings by the year 2000.” In his first year in office, in
1993, President Bill Clinton urged passage of the Goals 2000: Educate America
Act “so that all Americans can reach internationally competitive standards.”
Two years later the legislation was enacted into law by a wide, bipartisan
congressional majority. When announcing his competitiveness initiative in
2006, President George W. Bush observed that “the bedrock of America’s

competitiveness is a well-educated and skilled workforce.””

“The educational
foundations of our society
are presently being
eroded by a rising tide of
mediocrity that threatens

our very future.”

—A Nation At Risk

Report issued to Ronald Reagan
Administration by the National
Commission on Educational
Excellence, 1983

1. Authors listed alphabetically. Ludger
Woessmann took primary responsibility for
the analysis of the trends across nations,
Eric A. Hanushek took primary responsibility
for the analysis of the trends among the U.S.
states, and Paul E. Peterson took primary
responsibility for overall direction of the project
and the preparation of the report.

2. Flattau et al. (2006).

3. Independent Task Force, Council on
Foreign Relations (2012).

4. National Commission on Excellence in
Education (1983).

5. Peterson (2010), p. 168.

6. President William Clinton, “Message to
the Congress Transmitting the ‘Goals 2000:
Educate America Act,” April 21, 1993,
(http://www.gpo.gov/fdsys/pkg/PPP-1993-
book1/pdf/PPP-1993-book1-doc-pgd77.
pdf). Accessed on June 6, 2012.

7. President George W. Bush, “President’s
Letter to the Nation Announcing ‘American
Competitiveness Initiative,” February 2,
2006, (http://georgewbushwhitehouse.
archives.gov/stateoftheunion/2006/aci/
index.html). Accessed on June 6, 2012.
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Data and Analytic Approach

President George H. W. Bush
set goals that would bring
U.S. education to the top

of world rankings by the
year 2000.

8. Hanushek, Peterson, and Woessmann
(2010).

9. Peterson, Woessmann, Hanushek, and
Lastra-Anadon (2011).

10. Howell, Peterson, and West (2009).
1. Independent Task Force, Council on
Foreign Relations (2012), p. 19.

12. National Center for Educational
Statistics (2011).

13. Peterson (2010), ch. 8.

Despite these proclamations, the position of the American school remains
problematic when viewed from an international perspective. In a report issued
in 2010, we found only 6 percent of U.S. students performing at the advanced
level in mathematics, a percentage lower than those attained by 30 other
countries.® And the problem is not limited to top-performing students. In 2011,
we showed that 32 percent of 8th-graders in the United States were proficient
in mathematics, placing the United States 32nd when ranked among the
participating international jurisdictions.’

Nor is the public unaware of the situation. When a cross section of the
American public was asked how well the United States was doing in math, as
compared to other industrialized countries, the average estimate placed the
United States at the 18th rank, only modestly better than its actual standing.'’
Americans do not find it difficult to agree with the summary words of the
Council on Foreign Relations task force report: “Overall, U.S. educational
outcomes are unacceptably low.” !!

In this report, we inquire as to whether there is evidence that the educational
situation in the United States has improved. We ask the simple question: “Is the
United States beginning to do better?”

American governments at every level have taken education-related actions
that would seem to be highly promising. Federal, state, and local governments
spent 35 percent more per pupil—in real-dollar terms—in 2009 than they had
in 1990." States began holding schools accountable for student performance in
the 1990s, and the federal government developed its own nationwide school-
accountability program in 2002."

And, in fact, U.S. students in elementary school do seem to be performing
considerably better than they were a couple of decades ago. Most notably, the
performance of 4th-grade students on math tests rose steeply between the mid-
1990s and 2011. Perhaps, then, after a half century of concern and efforts, the
United States may finally be taking the steps needed to catch up.

To find out whether the United States is narrowing the international education
gap, this report provides estimates of learning gains over the period between 1995 and
2009 for 49 countries from most of the developed and some of the newly developing
parts of the world. We also examine changes in student performance in 41 states

within the United States, allowing us to compare these states with each other.

Data and Analytic Approach
Data availability varies from one international jurisdiction to another, but

for many countries enough information is available to provide estimates of

2 educationnext.org
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Comparisons across Countries

change for the 14-year period between 1995 and 2009. For 41 U.S. states, one
can estimate the improvement trend for a 19-year period—from 1992 to 2011.
Those time frames are extensive enough to provide a reasonable estimate of the
pace at which student test-score performance is improving in countries across
the globe and within the United States.

Our findings come from assessments of performances in math, science, and
reading of representative samples in particular political jurisdictions of students
who at the time of testing were in 4th or 8th grade or were roughly ages 9-10 or
14-15. The political jurisdictions may be nations, states, or other subnational
units. The data come from one U.S. series of tests and three series of tests
administered by international organizations. Using the equating and estimation
methods described in Appendix A, it is possible to link states’ performance
on the U.S. tests to countries’ performance on the international tests, because
representative samples of U.S. students have taken all four series of tests.'*

Our international results are based on 28 administrations of comparable
math, science, and reading tests between 1995 and 2009 to jurisdictionally
representative samples of students in 49 countries and 4 subordinate
jurisdictions. Our state-by-state results come from 36 administrations of
math, reading, and science tests between 1992 and 2011 to representative
samples of students in 41 U.S. states. These tests are part of four ongoing
series: 1) National Assessment of Educational Progress (NAEP), administered
by the U.S. Department of Education; 2) Programme for International Student
Assessment (PISA), administered by the Organisation for Economic Co-
operation and Development (OECD); 3) Trends in International Mathematics
and Science Study (TIMSS), administered by the International Association
for the Evaluation of Educational Achievement (IEA); and 4) Progress in
International Reading Literacy Study (PIRLS), also administered by IEA.

Comparisons across Countries

Let us first consider in absolute terms the overall gains on NAEP that provide the
benchmark against which every state and all foreign jurisdictions are compared.
Americans will be pleased to learn that the performance of U.S. students in 4th and
8th grade in math, reading, and science improved noticeably between 1995 and
2009. Using information from all administrations of NAEP tests to students in all
three subjects over this time period, we observe that student achievement in the
United States is estimated to have increased by 1.6 percent of a standard deviation
(std. dev.) per year, on average. Over the 14 years, these gains equate to 22 percent
of a std. dev. When interpreted in years of schooling, these gains are notable. On

“Measured against
global standards, far too
many U.S. schools are
failing to teach students
the academic skills and
knowledge they need to

compete and succeed.”

— Independent Task

Force Report, p. 3,

Joel Klein, co-chair,

Council on Foreign Relations

14. Other, less comprehensive estimations
of trends in student performance across
nations include the following: OECD (2010);
Martin, Mullis, and Foy (2008); Mullis,
Martin, Kennedy, and Foy (2007); Mourshed,
Chijioke, and Barber (2010); OECD (2011).
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Comparisons across Countries

most measures of student performance, student growth is typically about 1 full std.
dev. on standardized tests between 4th and 8th grade, or about 25 percent of a std.
dev. from one grade to the next. Taking that as the benchmark, we can say that the
rate of gain over the 14 years has been just short of the equivalent of one additional
year’s worth of learning among students in their middle years of schooling.

Yet when compared to gains made by students in other countries, the progress
gains within the United States are shown to be middling, not stellar (see Figure 1
and Table B.1). While 24 countries trail the U.S. rate of improvement, another 24
countries appear to be improving at a faster rate. Nor is U.S. progress sufficiently
rapid to allow it to catch up with the leaders of the industrialized world.

Students in three countries—Latvia, Chile, and Brazil—improved at an

s . \ annual rate of 4 percent of a std. dev., and students in another eight countries—
In his first year in office

in 1993, President Bill

Portugal, Hong Kong, Germany, Poland, Liechtenstein, Slovenia, Colombia, and
Lithuania—were making gains at twice the rate of students in the United States.

Clinton urged passage of By the previous rule of thumb, gains made by students in these 11 countries are
the Goals 2000: Educate estimated to be at least two years’ worth of learning. Another 13 countries also
America Act “so that all appeared to be doing better than the U.S.

. Student performance in nine countries declined over the same 14-year time
Americans can reach

. . period. Test-score declines were registered in Sweden, Bulgaria, Thailand,
internationally

the Slovak and Czech Republics, Romania, Norway, Ireland, and France. The
competitive standards.”

Figure 1. Overall annual rate of growth in student achievement in math, reading, and science in

5.0%
4.0
3.0
2.0

1.0
0.0
-1.0

-2.0
-3.0

Estimated annual test-score gains
(percent of standard deviation)

Latvia

Chile

Brazil
Portugal
Hong Kong
Germany
Poland
Liechtenstein
Slovenia
Colombia
Lithuania
United Kingdom
Singapore
Switzerland
Greece
Mexico
Israel
Finland

Italy

New Zealand
Denmark
Korea, Rep.
Hungary

Note: See Table B.1 for numerical values
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Comparisons among States

remaining 15 countries were showing rates of improvement that were somewhat
but not significantly lower than those of the United States.

In sum, the gains posted by the United States in recent years are hardly
remarkable by world standards. Although the U.S. is not among the 9
countries that were losing ground over this period of time, 11 other countries
were moving forward at better than twice the pace of the United States, and all
the other participating countries were changing at a rate similar enough to the

United States to be within a range too close to be identified as clearly different.

Comparisons among States
Progress was far from uniform across the United States. Indeed, the variation
across states was about as large as the variation among the countries of the world.
Maryland won the gold medal by having the steepest overall growth trend.
Coming close behind, Florida won the silver medal and Delaware the bronze.
The other seven states that rank among the top-10 improvers, all of which
outpaced the United States as a whole, are Massachusetts, Louisiana, South
Carolina, New Jersey, Kentucky, Arkansas, and Virginia. See Figure 2 for an
ordering of the 41 states by rate of improvement.

Iowa shows the slowest rate of improvement. The other four states whose

gains were clearly less than those of the United States as a whole, ranked from

49 countries, 1995-2009

While 24 countries
trail the U.S. rate of
improvement, another
24 countries appear

to be improving at a

faster rate.

Iran

United States

Belgium
Canada
Cyprus

Australia
Jordan
Russian Fed.
Indonesia
Austria
Spain
Iceland
Japan
Netherlands
Tunisia
Argentina
France
Ireland

Taiwan (Chinese Taipei)

Norway

Romania

Czech Rep.
Slovak Rep.
Thailand
Bulgaria
Sweden
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Comparisons among States

The variation across states
was about as large as
the variation among the

countries of the world.

15. After the 2002 federal law, No Child Left
Behind, mandated NAEP testing in every
state, these nine states participated in NAEP.

Between 2003 and 2011, the annual gains in std.

dev. were as follows: Nevada, 2.94; Montana,
2.06; Vermont, 1.93; Illinois, 1.92; Kansas, 1.43;
Washington, 1.30; Alaska, 0.83; South Dakota,
0.81; and Oregon, 0.32. Five of the nine states
performed below the national gains during this
period, which was 1.85 std. dev.

the bottom, are Maine, Oklahoma, Wisconsin, and Nebraska. Note, however,
that because of nonparticipation in the early NAEP assessments, we cannot
estimate an improvement trend for the 1992-2011 time period for nine states—
Alaska, Illinois, Kansas, Montana, Nevada, Oregon, South Dakota, Vermont,
and Washington."”

Cumulative growth rates vary widely. Average student gains over the 19-
year period in Maryland, Florida, Delaware, and Massachusetts, with annual
growth rates of 3.1 to 3.3 percent of a std. dev., yielded gains of some 59 percent
to 63 percent of a std. dev. over the entire time period, or better than two years
of additional learning. Meanwhile, annual gains in the states with the weakest
growth rates—Iowa, Maine, Oklahoma, and Wisconsin—varied between 0.7
percent and 1.0 percent of a std. dev., which translate over the 19-year period into
learning gains of one-half to three-quarters of a year. In other words, the states
making the largest gains are improving at a rate two to three times the rate in
states with the smallest gains.

Had all students throughout the country made the same average gains as
those in the four leading states, the United States would have been making
progress roughly comparable to the rate of improvement in Germany and
the United Kingdom, bringing the United States reasonably close to the top-

performing countries in the world.

Figure 2. Annual rate of growth in student achievement in math, reading, and science in 41 U.S.
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Florida

Delaware

Massachusetts
Louisiana
South Carolina
New Jersey
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Hawaii
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California
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Note: Outcomes are available for only four subnational jurisdictions outside the United States—England and Scotland in the United Kingdom and

Ontario and Quebec in Canada
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Gains by Low-Performing and High-Performing Students

Gains by Low-Performing and High-Performing Students
NAEP has set three benchmarks for student performance—advanced,
proficient, and basic. According to these standards, very few U.S. students are
performing at the advanced level and a clear majority of students score at a level
below that which the NAEP governing board deems is necessary to demonstrate
math proficiency. However, a substantial majority of students have what NAEP
regards as basic mathematics knowledge. (See sidebar for NAEP definitions of
the 8th-grade basic level and 8th-grade proficiency and examples of the kinds
of questions 8th-grade students are expected to be able to answer.) Among
4th-graders, 7 percent performed at or above the advanced level, 40 percent at
or above the proficiency level, and 82 percent at or above the basic level. By 8th
grade, these percentages had slipped. Although 8 percent were performing at

or above the advanced level, only 35 percent were scoring above the proficiency
bar, while 73 percent were performing at or above the basic level.

In this section we first report the success of states at reducing the percentage
of students performing below the basic level. If the percentage of students
scoring below basic in state A is reduced from 20 percent to 10 percent, the state
is identified as having reduced low performance by 50 percent. If in state B the
percentage of students below basic is reduced from 50 percent to 25 percent, it,

too, is identified as having reduced low performance by 50 percent.

Maryland won the gold
medal by having the
steepest overall growth
trend. Coming close
behind, Florida won the
silver medal and

Delaware the bronze.

states, 1992-2011
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Gains by Low-Performing and High-Performing Students

Examples and Definitions of Basic and Proficient Performance on
National Assessment of Educational Progress

Basic level example question
Basic level students in 8th grade are expected to answer questions like the following:
1/4 Cup 1/3 Cup 1/2 Cup

T O

1. A recipe requires 1"/ cups of sugar. Which of the following ways describes how the mea-
suring cups shown can be used to measure 1'/3 cups of sugar accurately?

A. Use the /2 cup three times.

B. Use the '/a cup three times.

C. Use the '/2 cup twice and the '/3 cup once.

D. Use the '/3 cup twice and the '/2 cup once.

E. Use the /a4 cup once, the /3 cup once, and the '/z2 cup once.
If you chose C from the list of five choices, you are in the company of the 80 percent

of U.S. 8th graders from the Class of 2011 who answered correctly.

Proficient level example question
Proficient students in 8th grade are expected to answer questions like the following:
“Three tennis balls are to be stacked one on top of another in a cylindrical can.
The radius of each tennis ball is 3 centimeters. To the nearest whole centimeter,
what should be the minimum height of the can? Explain why you chose the height
that you did. Your explanation should include a diagram.”

If you chose 18 cm from the list of five choices, you are in the company of the
28 percent of U.S. 8th graders from the Class of 2011 who answered correctly.i

Definition of basic level of performance in math at the 8th grade

Eighth-graders performing at the basic level should complete problems correctly with
the help of structural prompts such as diagrams, charts, and graphs. They should be
able to solve problems in all NAEP content areas through the appropriate selection and
use of strategies and technological tools—including calculators, computers, and geomet-
ric shapes. Students at this level also should be able to use fundamental algebraic and
informal geometric concepts in problem solving.

Definition of proficient level of performance in math at 8th grade

Eighth-graders performing at the proficient level should be able to conjecture, defend
ed.gov/nationsreportcard/itmrlsx/scarch. their ideas, and give supporting examples. They should understand the connections
aspx?subject=mathematics. Accessed June between fractions, percents, decimals, and other mathematical topics such as algebra
14, 2012 N ‘ and functions.... Quantity and spatial relationships in problem solving and reasoning
::fEiizjh‘f:f::::::ii;h;:f:;ng:zfls should be familiar to them, and they should be able to convey underlying reasoning skills
nationsreportcard/mathematics/achieveall. beyond the level of arithmetic.... These students should make inferences from data and
asp. Accessed June 14, 2012. graphs, apply properties of informal geometry, and accurately use the tools of technol-
ogy. Students at this level should...be able to calculate, evaluate, and communicate

i. Questions come from NAEP’s online
past questions database, http://nces.

results within the domain of statistics and probability.ii
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Gains by Low-Performing and High-Performing Students

Secondly, we rate each state’s success in lifting the percentage of nonproficient
students across the proficiency bar. If the percentage of students identified
as nonproficient in state C declines from 50 percent to 25 percent, state C is
identified as having halved the percentage of nonproficient students. If the
decrease is from 30 percent to 15 percent in state D, it too, is identified as having
halved the percentage of students who were nonproficient.

It is important to understand that the NAEP definition of proficiency used
here is different from the one set by each state under No Child Left Behind,
the federal law passed in 2002, which asked each state to take steps to ensure
that adequate progress was being made each year so that all students would be
proficient by 2014. That law allowed each state to set its own proficiency standard,
and as a result, state proficiency standards have varied widely.'® In 2009 only five
states—Massachusetts, Missouri, Washington, Hawaii, and New Mexico—set
their proficiency standards at levels roughly equivalent to the NAEP level of
proficiency.!” Meanwhile, Tennessee, Nebraska, Alabama, and Michigan, the states
with the lowest proficiency standards, set them closer to the NAEP basic level.

Since states set very different proficiency standards, it is possible they also
focused their attention on different segments of the student population. Some
may have concentrated on enhancing the performance of those who had not
attained the NAEP basic level, while others may have focused on those close to
the NAEP proficiency line.

As mentioned, we chart both the reduction in the percentage of students
performing in math below NAEP’s basic level and the percentage of students
brought across the NAEP math proficiency bar. We examine gains in
mathematics, because that is where students have made the largest advances
during this period of time.'® The percent reduction in the percentage of students
below basic and the percent reduction in the percentage of nonproficient

students who achieved NAEP proficiency are reported for each state in Table B.2.

We also include in this table the overall trend in average scores discussed in an
earlier section of this report.

The states that made the largest average gains tend to be the same states
that did the most to reduce the percentage performing below the basic level.
Where good things were happening on average they were also happening for
the most educationally disadvantaged. A similar connection between average
scores and the percentage crossing the proficiency bar exists, but as we shall
see, it is not quite as strong.

We show in Figure 3 the pattern in 4th-grade mathematics. Among this
group of students the correlation between trends in average scores across states

When announcing his
competitiveness initiative in
2006, President George W.
Bush observed that

“the bedrock of America’s
competitiveness is a
well-educated and skilled

workforce.”

16. The assessment language introduces
some confusion. NAEP sets performance
standards that it calls proficient but
different (usually lower) definitions of
proficiency are applied across the states to
meet the requirements of NCLB. Peterson
and Lastra-Anad6n(2010); Bandeira de
Mello, Blankenship, and McLaughlin
(2009); for international equivalents of
NAEP proficiency standards, see Peterson,
Woessmann, Hanushek, and Lastra-Anadon
(2011).

17. Peterson and Lastra-Anadén (2010).
18. Below note a relationship between
initial average test scores and subsequent
growth. Those who were furthest behind
initially made the most progress. But we
do not find a consistent pattern for percent
reduction in math performance at the basic
level or percent increase in proficiency on
the NAEP. The pattern is weak overall and
inconsistent between 4th and 8th grade.
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Gains by Low-Performing and High-Performing Students

“Human capital will
determine power in the
current century, and the
failure to produce that
capital will undermine

America’s security.”

— Independent Task

Force Report, p. 4,
Condoleezza Rice, co-chair,
Council on Foreign Relations

Figure 3. Relationship between gains in state average scores and
percent reduction in percentage performing below basic level in
math in 4th grade on NAEP
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and trends in the percent reduction in those performing below basic in math is a
solid 0.65. The steepness of the regression line in Figure 3 identifies the strength
of the relationship. In those states where the positive trend in 4th-grade math
performance was greater, so in many cases was the percent reduction in those
performing below the basic level.

Figure 4 shows the weaker connection between average gains in a state
and the percentage of nonproficient 8th-grade students moving above the
math proficiency bar (correlation = 0.33). Massachusetts, New Hampshire,
and North Carolina all enjoyed comparatively large increases in overall
performance and a substantial shift in the percentage of nonproficient
students brought up to NAEP proficiency levels. But the figure shows
that there were many exceptions to this pattern, as quite a number of the

observations stray a considerable distance from the regression line. Not every

10 educationnext.org

hks.harvard.edu/pepg



Gains by Low-Performing and High-Performing Students

Figure 4. Relationship between gains in state average scores and
percent reduction below proficiency in 8th grade on NAEP
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state’s record with the average student translates into an equivalent shift across
the proficiency line.

In Figure 5 the relationship between gains in 4th-grade math by low-
performing and high-performing students is directly compared. The steep
regression line (correlation = 0.77) shows that gains for higher-performing
students do not in general come at the expense of the educationally
disadvantaged. Those states that experience the greatest reduction in the
number of students performing below the basic level also see the largest
percentage shift across the NAEP proficiency bar. Yet some states depart
from this general pattern in one direction or another. On the one side, one
finds in Kentucky, Texas, Florida, and Delaware a much larger reduction

(relative to other states) in the percentage of students performing below basic,

given their increment in the percentages of nonproficient students attaining
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Figure 5. Relationship between percent reduction in percentage of
students in state performing below basic and below proficiency in
math at 4th grade on NAEP
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NAEP proficiency. On the other side, Connecticut, Maine, Wisconsin, and
Minnesota witnessed a relatively large shift in the percentage of students
crossing the NAEP proficiency bar, given the reduction in the percentage of
students performing below basic in the state.

This same direct comparison is shown in Figure 6, this time for 8th-graders.
Once again, it can be seen that states that see a relatively large percentage
crossing the proficiency bar also enjoy a relatively large reduction in students
performing below the basic level (correlation = 0.81). Yet a few states deviate
from the general pattern. Once again, it is Texas that sees a bigger reduction
(relative to other states) in the percentage of those performing below the basic
level, given the percentages crossing the math proficiency line. Conversely, Utah,

Nebraska, Pennsylvania, Maine, Wisconsin, and Minnesota (relative to other

states) were seeing a relatively large number of students becoming proficient
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Figure 6. Relationship between percent reduction in percentage of
students in state performing below basic and below proficiency in
math at 8th grade on NAEP
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at the NAEP level, given the amount of reduction in below basic performance
among the educationally disadvantaged.

It is this 8th-grade relationship displayed in Figure 6 that is particularly
meaningful, as it shows student readiness for high school. The data
demonstrate rather clearly that most states, if they make gains, do so across
the board—for higher- and lower-performing students alike. States can—
and do—work at “leaving no child behind” and yet at the same time see
an increment in the percentage of nonproficient students rising to a level
of NAEP proficiency. States in which the educationally disadvantaged are
gaining the most ground are the ones where higher-performing students are
doing the same, and vice versa.

In short, what is happening on average in each state is, more often than not,

happening to both those who are higher performing and those who are the most

States can—and do—
work at “leaving no child
behind” and yet at the
same time see an incre-
ment in the percentage
of nonproficient students
rising to a level of NAEP

proficiency.
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challenged. For that reason we focus in the remainder of the report on the factors
affecting the variation in average performance among the states.

Is the South Rising Again?

Some regional concentration is evident. Five of the top-10 states were in

the South, while no southern states were among the 18 with the slowest
growth. The strong showing of the South may be related to energetic political
efforts to enhance school quality in that region. During the 1990s, governors
of several southern states—Tennessee, North Carolina, Florida, Texas,

and Arkansas—provided much of the national leadership for the school
accountability effort, as there was a widespread sentiment in the wake of

the civil rights movement that steps had to be taken to equalize educational
opportunity across racial groups. The results of our study suggest those
efforts were at least partially successful.

Meanwhile, students in Wisconsin, Michigan, Minnesota, and Indiana
were among those making the smallest average gains between 1992 and
2011. Once again, the larger political climate may have affected the progress
on the ground. Unlike in the South, the reform movement has made little
headway within midwestern states, at least until very recently. Many
of the midwestern states had proud education histories symbolized by
internationally acclaimed land-grant universities, which have become the
pride of East Lansing, Michigan; Madison, Wisconsin; St. Paul, Minnesota;
and Lafayette, Indiana. Satisfaction with past accomplishments may have
dampened interest in the school reform agenda sweeping through southern,

border, and some western states.

Are Gains Simply Catch-ups?

According to a perspective that we shall label “catch-up theory,” growth

in student performance is easier for those political jurisdictions originally
performing at a low level than for those originally performing at higher levels.
Lower-performing systems may be able to copy existing approaches at lower cost
than higher-performing systems can innovate. This would lead to a convergence
in performance over time. An opposing perspective—which we shall label
“building-on-strength theory”—posits that high-performing school systems
find it relatively easy to build on their past achievements, while low-performing
systems may struggle to acquire the human capital needed to improve. If that

is generally the case, then the education gap among nations and among states

should steadily widen over time.
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Figure 7. Relationship between a country’s initial level of student
achievement and its growth rate, 1995-2009
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Neither theory seems able to predict the international test-score changes
that we have seen, as nations with rapid gains can be identified among both
countries that had high initial scores and countries that had low ones. Latvia,
Chile, and Brazil, for example, were initially low-ranking countries in 1995
that made rapid gains, a pattern that supports catch-up theory. But consistent
with building-on-strength theory, a number of countries that have advanced
relatively rapidly were initially high-performing countries—Hong Kong and
Germany, for example. Overall, there is no significant pattern between original
performance and changes in performance across countries (see Figure 7).

But if neither theory accounts for differences across countries, catch-up theory
may help to explain variation among the U.S. states. The correlation between
initial performance and rate of growth is a negative 0.58; states starting with lower
initial scores tend to have larger gains. For example, students in Mississippi and

“We know what it takes to
compete for the jobs and
industries of our time.

We need to out-innovate,
out-educate, and out-build
the rest of the world.”

—President Barack Obama
“State of the Union Address,”
January 25, 2011
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Figure 8. Relationship between a state’s initial level of student
achievement and its growth rate, 1992-2011
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Louisiana, originally among the lowest scoring, showed some of the most striking
improvement. Meanwhile, Iowa and Maine, two of the highest-performing entities
in 1992, were among the laggards in subsequent years (see Figure 8). In other words,
catch-up theory partially characterizes the pattern of change within the United
States, probably because the barriers to the adoption of existing technologies are
much lower within a single country than across national boundaries.

Of course, catch-up theory, even if it were perfectly predictive of future
growth, would not provide much in the way of policy guidance. More
importantly, it explains only about one-quarter of the total state variation
in achievement growth. Notice in Figure 8 that some states—for instance,
Maryland, Massachusetts, Delaware, and Florida—score well above the line in

the figure that displays the variation explained by catch-up theory. Note also
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that Iowa, Maine, Wisconsin, and Nebraska rank well below that line. Closing
the interstate gap does not happen automatically.

What About Spending Increases?

According to another popular theory, additional spending on education will
yield gains in test scores. To see whether expenditure theory can account
for the interstate variation, we plotted test-score gains against increments
in spending between 1990 and 2009. As can be seen from the scattering

of states into all parts of Figure 9, the data offer precious little support

for the theory. Just about as many high-spending states showed relatively
small gains as showed large ones. Maryland, Massachusetts, and New

Jersey enjoyed substantial gains in student performance after committing
substantial new fiscal resources. But other states with large spending
increments—New York, Wyoming, and West Virginia, for example—had
only marginal test-score gains to show for all that additional expenditure.
And many states defied the theory by showing gains even when they did not
commit much in the way of additional resources. It is true that spending
and achievement gains have a slight positive relationship, but the 0.12
correlation between new expenditure and test-score gain is of no statistical
or substantive significance. On average, an additional $1,000 in per-pupil
spending is associated with a trivial annual gain in achievement of one-tenth
of 1 percent of a standard deviation.

Who Spends Incremental Funds Wisely?

Some states received more educational bang for their additional expenditure
buck than others. To ascertain which states were receiving the most from their
incremental dollars, we ranked states on a “points per added dollar” basis.
Michigan, Indiana, Idaho, North Carolina, Colorado, and Florida made the most
achievement gains for every incremental dollar spent over the past two decades.
At the other end of the spectrum are the states that received little back in terms
of improved test-score performance from increments in per-pupil expenditure—
Maine, Wyoming, lowa, New York, and Nebraska. However, we do not know
which kinds of expenditures prove to be the most productive or whether there
are other factors that could explain variation in productivity among the states.

Causes of Change
There is some hint that those parts of the United States that took school
reform the most seriously—Florida and North Carolina, for example—have

Michigan, Indiana, Idaho,
North Carolina, Colorado,
and Florida made the
most achievement gains
for every incremental
dollar spent over the past

two decades.
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Figure 9. Relationship between increments in state expendi-
tures per pupil and gains in student achievement, 1990-2008
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shown stronger rates of improvement, while states that have steadfastly
resisted many school reforms (Iowa and Wisconsin, for instance) are
among the nation’s test-score laggards. But the connection between reforms
and gains adduced thus far is only anecdotal, not definitive. Although
changes among states within the United States appear to be explained

in part by catch-up theory, we cannot pinpoint the specific factors that
underlie this. We are also unable to find significant evidence that increased
school expenditure, by itself, makes much of a difference. It is also

possible that changes in test-score performance could be due to broader
patterns of economic growth or varying rates of in-migration among states
and countries. None of these propositions have been adequately tested,
however, so any conclusions concerning the sources of educational gains

must remain suggestive.
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Have We Painted Too Rosy a Portrait?

Even the extent of the gains that have been made are uncertain. We have
estimated gains of 1.6 percent of a std. dev. each year for the United States

as a whole, or a total gain of 22 percent of a std. dev. over 14 years, a forward
movement that has lifted performance by nearly a full year’s worth of learning
over the entire time period. A similar rate of gain is estimated for the students
in all 49 participating countries. Such a rate of improvement is plausible, given
the increased wealth in the industrialized world and the higher percentages of
educated parents than in prior generations.

Still, this growth—normed against student performances on NAEP in 4th and
8th grades in 2000—is disproportionately affected by 4th-grade performance, The relative ranking of
possibly leading to too much optimism. When we estimate gains only from the United States remains
student performance in 8th grade (on the grounds that 4th-grade gains are essentially unchanged.
meaningless unless they are observed for the same cohort four years later),
our results show annual gains in the United States of only 1 percent of a std.
dev. annually. The relative ranking of the United States remains essentially
unchanged, however, as the estimated growth rates for 8th-graders in other
countries is also lower than estimates that include students in 4th grade (see
Appendix B, Figure B.1). Even this is above the rankings that would come from
using the direct test linkages of PISA, a different approach that would place
estimated annual growth rate for the United States at only one-half of 1 percent
of a std. dev. (see Appendix B, Figure B.1).

An even darker picture emerges if one turns to the results for U.S.
students at age 17, for which only minimal gains can be detected over the
past two decades. We have not reported the results for 17-year-old students
because the test administered to them does not provide information on
the performance of students within individual states and no international
comparisons are possible for this age group. Students themselves and the
United States as a whole benefit from improved performance in the early
grades only if that translates into measurably higher skills at the end of
school. The fact that none of the gains observed in earlier years translate
into improved high-school performance leaves one to wonder whether
high schools are effectively building on the gains achieved in the earlier
years of schooling. And while some scholars dismiss the results for 17-year-
old students on the grounds that high-school students do not take the
test seriously, others believe that the data indicate that the American high

school has become a highly problematic educational institution. Amidst

any uncertainties one fact remains clear, however: the measurable gains
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Education goal setting
in the United States
has often been utopian

rather than realistic.

19. Hanushek and Woessmann (2008,
forthcming) show that, once consideration
is given to the initial level of development,
most of the difference in long run growth
rates across countries can be explained

by the very measures of educational
achievement used here. (Considerations
of initial developments simply reflects that
countries starting behind can initially grow
faster because they just have to imitate the
technologies in more advanced countries
rather than to develop new technologies).
20. Hanushek and Woessmann
(forthcoming)

in achievement accomplished by more recent cohorts of students within
the United States are being essentially matched by the measurable gains by
students in the other 48 participating countries.

The Political Economy of Student Achievement

Few doubt that the quality of a nation’s educational system is critical for its
economic and political well-being. But too often the quality of an educational
system is judged by the percentage of students graduating from high school

or the percentages enrolled in college. While not denying the importance of
attaining a high school diploma and a college degree, these credentials are
meaningless unless they are accompanied by the acquisition of a set of skills that
can prove useful later in life. And it turns out that those skills can be measured by
the kinds of tests we have relied upon in assembling this report.

Hanushek and Woessmann demonstrate that a nation’s growth rate of
GDP is very closely related to the level of international test scores in math and
science. The strong relationship displayed there is observed even after taking
into account a variety of other factors that affect economic growth, including
openness to international trade, regulations in labor and capital markets,
security of property rights, and level of overall development. Significantly,
educational attainment (number of years of schooling) appears to have little
effect on economic growth, once the effects of educational achievement have
been identified."

Here we focus on improvements in test scores for countries, not on the level
of scores. If there is a causal relationship between test scores and growth, we
should find that countries that test score improvement should be correlated with
an improvement in their growth rates. In other words, trends in test scores should
be related to trends in growth rates. In Figure 10, taken from a paper by Hanushek
and Woessmann, is displayed the relationship between trends in a nation’s test
score performance and its trend in the rate of economic growth over the period
1975 to 2000.%° It shows a very strong correlation between the two trends.

Because rates of economic growth have a huge impact of the future well-
being of the nation, there is a simple message: A country ignores the quality of its
schools at its economic peril.

Some would excuse the mediocre U.S. performance by claiming that it
provides a more equal education to a much more diverse population than
other countries do. It is claimed that test scores in the United States are
lower than those in many other countries because they are not providing an
education to all their students. That argument might have made some sense
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Figure 10. International trends in test scores and trends in
economic growth
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fifty or seventy-five years ago, but it is a seriously dated view of the world. The
data included in this report come from students who are between the ages of
8 and 15, and in virtually all the 49 countries participating in this study, only
tiny percentages of the population within these age cohorts are not in school.
And when it comes to high school completion rates, the United States, with a
72 percent graduation rate within four years of entering high school, performs
no better than the average industrialized nation. Indeed, the countries

that eclipse the United States in math and science have done it while also
expanding dramatically their high school graduation and college enrollment
rates, many reaching levels noticeably higher than those in the United States.

Educating a broad swath of the population does not necessarily prevent high

levels of performance.
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The failure of the United States to close the international test-score gap,
despite assiduous public assertions that every effort would be undertaken
to produce that objective, raises questions about the nation’s overall reform
strategy. Education goal setting in the United States has often been utopian
rather than realistic. In 1990, the president and the nation’s governors
announced the goal that all American students should graduate from high
school, but two decades later only 75 percent of 9th-graders received their
diploma within four years after entering high school. In 2002, Congress
passed a law that declared that all students in all grades shall be proficient in
math, reading, and science by 2014, but in 2012 most observers found that
goal utterly beyond reach. Currently, the U.S. Department of Education has
committed itself to ensuring that all students shall be college or career ready
as they cross the stage on their high-school graduation day, another overly
ambitious goal.

Perhaps the most unrealistic goal was that of the governors in 1990 when they
called for the United States to achieve number-one ranking in the world in math
and science by 2000. As this study shows, the United States is neither first nor is
it catching up.

Consider a more realistic set of objectives for education policymakers, one
that comes from our experience. If all U.S. states could increase their performance
at the same rate as the highest-growth states—Maryland, Florida, Delaware, and
Massachusetts—the U.S. improvement rate would be lifted by 1.5 percentage
points of a std. dev. annually above the current trend line. Since student
performance can improve at that rate in some countries and in some states, then,
in principle, such gains can be made more generally. Those gains might seem
small, but when viewed over two decades they accumulate to 30 percent of a std.
dev., enough to bring the United States within the range of the world’s leaders—
unless, of course, they, too, continue to improve.

Such progress need not come at the expense of either the lowest-performing or
the highest-performing students. In most states, a rising tide lifted all boats. Only
in a few instances did the tide rise while leaving a disproportionate number stuck
at the bottom, and most, if not all of the time, the high flyers moved ahead as well.
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Our international results are based on 28 administrations of comparable

math, science, and reading tests between 1995 and 2009 to jurisdictionally
representative samples of students in 49 countries and 4 subordinate
jurisdictions. Our state-by-state results come from 36 administrations of math,
reading, and science tests between 1992 and 2011 to representative samples of
students in 41 of the U.S. states. These tests are part of four ongoing series: 1)
National Assessment of Educational Progress (NAEP), administered by the U.S.
Department of Education; 2) Programme for International Student Assessment
(PISA), administered by the Organisation for Economic Co-operation and
Development (OECD); 3) Trends in International Mathematics and Science
Study (TIMSS), administered by the International Association for the Evaluation
of Educational Achievement (IEA); and 4) Progress in International Reading
Literacy Study (PIRLS), also administered by IEA.

Estimating Trends across Countries

First, we introduce the international tests and describe our sample of countries.
Next, we describe the methodology used to express all international tests on a
common scale that is also comparable to the state NAEP performance. Third,
we discuss the methodology used to estimate each country’s performance trend
from the rescaled international test data.

The International Tests and the Sample of Countries. PISA was initiated in 2000
and has been conducted every three years since. Each cycle tests representative
samples of 15-year-old students in mathematics, science, and reading. As a result,
we can use 12 separate PISA tests: three subjects in four waves (2000, 2003, 2006,
20009; for several countries, the 2000 version of the test was administered in 2002,
which we consequently use as an observation in the year 2002).*

TIMSS has been conducted every four years since 1995. It provides
intertemporally comparable measures of 4th-grade and 8th-grade students in
mathematics and science. Given its four testing waves (1995, 1999, 2003, and 2007)
administered in two subjects at two grade levels (except that TIMSS did not test
4th graders in 1999), performance information is available for 14 separate TIMSS
tests.”> PIRLS was conducted in 2001 and in 2006 by the IEA. It tests the reading
performance of 4th-graders, providing two tests to be used in the analysis.

In sum, 12 PISA tests, 14 TIMSS tests, and 2 PIRLS tests constitute 28

separate test results for those countries that participated in all surveys.

In most states, a rising tide
lifted all boats.

21. OECD (2010). The assessment of
whether the performance of an individual
country on a specific test is deemed
comparable over time is taken from Table
A5.1 in this publication. To this, we have
added the math score in 2000/2002, the
science score in 2000/2002 and 2003, and
remaining matched 2006/2009 scores from
the corresponding publications of the
respective PISA waves.

22. The TIMSS data are mostly taken
from Mullis, Martin, and Foy (2008) and
Martin, Mullis, and Foy (2008), which also
provide the assessment of intertemporal
comparability of individual country
performance on a specific test. For countries
not participating in TIMSS 2007 but in at
least two previous cycles, we take the data
from the corresponding publications on the
respective previous TIMSS trends. As for the
TIMSS performance of the United Kingdom,
we use the population-weighted mean of
England and Scotland, which participate
separately in the TIMSS test. To ensure
international comparability of tested ages
and to avoid testing very young children,
TIMSS has the rule that the average age of
children in the grade tested should not be
below 9.5 and 13.5 years old, respectively,
in grades 4 and 8; otherwise, the next older
grade will be tested in a country.

The PIRLS data, including the assessment
of country-specific comparability across the
two PIRLS waves, are taken from Mullis,
Martin, Kennedy, and Foy (2007).
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Unfortunately, only two countries (Hong Kong and Hungary) participated in
all 28 tests. Twenty-seven tests are available for the United States. The U.S. did
not report the results for the 2006 PISA test in reading, because problems in
the administration of the test produced results that were deemed erroneous.
The average number of test observations across the 49 countries covered in our
analysis is 17.2 tests.

We excluded all countries for which results from fewer than nine separate tests
were available and established additional rules for inclusion designed to ensure
the trend analyses are based upon an adequate number of observations. First, a
country’s performance on any given test cycle (PISA, 4th-grade TIMSS, 8th-grade
TIMSS, and PIRLS) is only considered if the country participated at least twice in
the respective cycle, because otherwise no trend information would be contained
in that cycle. Second, to ensure that any trend estimate is based on an adequate
period of time, a country is excluded if the time span between its first and its last
participation in international testing is less than seven years. Third, we do not
consider a country if it did not participate after 2006 so as to ensure that all trend
estimates extend to recent observations. Together, these rules exclude countries

that did not participate in international testing prior to 2003.%

Deriving a Common Scale for All Tests. The international tests are measured on
scales that are not directly comparable across the testing cycles. To transform the
different international tests to a common scale, we follow procedures similar to
those used in prior studies by Hanushek and Woessmann (2008, 2009, 2011). The
following paragraphs describe the way in which these procedures were applied to
the current analysis.

For the estimations reported in Figure 1, trends over time are expressed in
terms of the 2000 wave of the NAEP testing cycle. Because the scores on the
different subjects and grade levels of the NAEP are not directly comparable to one
another, we first have to propose a method for making the trends on the NAEP
subtests comparable. To do so, we express each testing cycle (of grade by subject)
in terms of standard deviations of the U.S. population on the 2000 wave of each
testing cycle. That is, within each testing cycle (which is comparable over time),
the new scale is such that the U.S. performance has a standard deviation of 100
and a mean of 500 (the latter is arbitrary and without substance for the analysis
of trends over time). This is a simple linear transformation of the NAEP scale on
each testing cycle.

23. In fact, with the exception of Argentina,

" ‘ For example, the U.S. performance on the original NAEP score in
all countries in our analysis have at least 10

individual test observations. mathematics in 8th grade is 273.1 (with a std. dev. of 38.1) in 2000 and 282.9
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(std. dev. 36.4) in 2009, i.e., the 2009 performance is 9.8 points or 25.8 percent
of a 2000 std. dev. above the 2000 performance. By definition, the performance
in 2000 on the transformed scale is 500 (std. dev. 100). The performance in 2009
on the transformed scale is 528.5, i.e., again 25.8 percent of a 2000 std. dev. above
the 2000 performance, now expressed on the transformed scale. Similarly, we can
put the 2009 std. dev. on the transformed scale, which is 95.6 (simply the original
2009 std. dev. expressed relative to the original 2000 std. dev.).

We express each international test on this transformed NAEP scale by
performing a simple linear transformation of each international test based on
the U.S. performance on the respective test. Specifically, we adjust both the
mean and the std. dev. of each international test so that the U.S. performance
on the tests is the same as the U.S. NAEP performance, expressed on the
transformed NAEP scale. Specifically, the following steps are taken: First, from
the international test expressed on the original international scale, subtract the
U.S. mean on that scale. Second, divide by the U.S. std. dev. on that scale. Third,
multiply by the U.S. standard deviation on the respective transformed NAEP
scale for that year, subject, and grade (interpolated linearly within two available

).2* Fourth, add the U.S. mean on the respective

years if year is not a NAEP year
transformed NAEP scale for that year, subject, and grade.” Once these steps have
been taken, all international tests are expressed on the transformed NAEP scale,
where the U.S. population on the international test now has the performance
(mean and std. dev.) that it has on the transformed NAEP scale, and all other
countries are expressed relative to this U.S. performance on the respective
international test. This allows us to estimate trends on the international tests on a
common scale, whose property is that in the year 2000 it has a mean of 500 and a

standard deviation of 100 for the United States.

Estimating Trends in Performance. The aim of our analysis is to estimate how
each country’s performance has changed over time. For that, we use all data
points that a country has on the international tests, expressed on the transformed
scale. Since a country may have specific strengths or weaknesses in specific
subjects, at specific grade levels, or on specific international testing series,

our trend estimation holds such differences constant by regressing, for each
country, the test scores on a year variable, indicators for the international testing
series (PISA, TIMSS, PIRLS), a grade indicator (4th vs. 8th grade), and subject
indicators (mathematics, reading, science). This way, only the trends within each
of these domains are used to estimate the overall trend of the country. This trend
is indicated by the estimated coefficient on the year variable. It represents the

24. To rescale the TIMSS 1995 tests,

we use the 1996 U.S. NAEP performance
(1998 in reading), which is the earliest
available intertemporally comparable NAEP
score. For science performance beyond
2005, we use the 2005 U.S. NAEP science
performance, which is the latest available
intertemporally comparable NAEP science
score. For the rescaling of the PISA tests, we
use NAEP tests for 8th-graders.

25. The data on the U.S. means and std.
dev. on the different NAEP tests are taken
from http://nces.ed.gov/nationsreportcard/
naepdata/ (accessed January 23, 2012). The
data on the U.S. std. dev. on the different
international tests are taken from the
respective publication of each international
testing cycle. The U.S. std. dev. on the
rescaled 1995 TIMSS performance (which
was subsequently expressed on a different,
intertemporally comparable scale, without
the rescaled U.S. std. dev. being published)
was kindly provided by Michael Martin

and Pierre Foy from the TIMSS & PIRLS
International Study Center at Boston College.
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26. Note that, by construction, the
international trend estimate for the United
States is effectively a weighted average of
the U.S. trend in NAEP performance (in
the same regression, controlling for grade
and subject), where the weights are the
international test occurrences (which are:
3.6% 4m96 [4th-grade mathematics test in
1996], 3.6% 4m03, 3.6% 4m07, 3.6% 4596,
2.1% 4500, 5.0% 4505, 1.8% 4r00, 1.8% 4r02,
1.8% 4r05, 1.8% 4r07, 4.5% 8m96, 6.3%
8m00, 7.1% 8m03, 1.8% 8m05, 5.4% 8m07,
3.6% 8m09, 4.5% 8596, 10.5% 8500, 13.6%
8505, 1.8% 8r98, 1.8% 8r02, 3.6% 8r03, 1.8%
8105, 1.8% 8r07, 3.6% 8r09).

annualized change in a country’s test performance, expressed as a percentage of
the standard deviation of the performance of the U.S. population in 2000. 2

To see whether the results reported in Figure 1 are affected by
the decision to norm all scales on NAEP 2000, we also compared the
performance of countries on an alternate scale that is fully independent of
NAEP information. We used the TIMSS and PISA tests (and ignored the two
PIRLS observations), both of which have been performed in 2003, and used
the U.S. performance (mean and standard deviation) on both tests in 2003
in order to splice the two series together. PISA scores are left just as they
are. Then, we rescale the TIMSS 2003 tests so that the U.S. has the U.S. mean
and standard deviation on the PISA 2003 test (in the respective subject).
Then, we rescale the other TIMSS waves so that the U.S. performance (mean
and standard deviation) on them is such that its difference to TIMSS 2003
is simply rescaled according to the rescaled TIMSS 2003 scale. What this
ultimately provides is a series in which the TIMSS tests are rescaled in a
way that the U.S. performance in 2003 is the same as in PISA, and where
the TIMSS trends are the original trends, only that their size is expressed
according to the U.S. std. dev. in PISA 2003. The rankings of the countries
remain essentially the same as those reported in the main analysis. On
this scale, the U.S. ranks number 26 among the 49 countries. However,
the annual gain of the United States is only 0.46 percent of a std. dev.,
substantially less than 1.53 percent of a std. dev., as estimated in the main
analysis. Gains for other countries are also substantially reduced in size. In
other words, the most reliable information that we report are the gains made
relative to those of other jurisdictions, not the absolute size of the gains,
which vary depending on the scale that is used. Full results are reported in
Appendix B, Figure B.2.

We also performed the analysis separately for each subject, for each testing
series, for each grade level, and for mathematics and reading (dropping the
science observations). Results are qualitatively similar. Results that exclude gains
for 4th-graders and nine-year olds are reported in Appendix B, Figure B.2. The
following procedure was used to estimate the statistical significance of trend
lines. Step 1: Calculate the difference between the point estimates of the trends
of two countries. Step 2: Calculate the square root of the sum of the variance of
the two trend estimates (i.e., the standard error of this difference is given by the
square root of the sum of the squared standard errors of the two estimates). The
result from step 1 divided by the result from step 2 yields the t-statistic for the
significance of the difference.

26 educationnext.org
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Estimating Trends across U.S. States
For the analysis of U.S. states, observations are available for only 41 states. The
remaining states did not participate in NAEP tests until 2002. Annual gains for
states are calculated for a 19-year period (1992 to 2011), the longest interval that
could be observed for the 41 states.
Trends for each U.S. state are estimated by using procedures similar to those
used to estimate country trends. That is, the NAEP data are first transformed
to the common scale that has a mean of 500 and a standard deviation of 100
for the United States population in the year 2000. Then, for each U.S. state, the
transformed test scores are regressed on a year variable, a grade indicator (4th vs.
8th grade), and subject indicators (mathematics, reading, science). The overall
trend of the state is indicated by the estimated coefficient on the year variable.
International comparisons are for a 14-year period (1995 to 2009), the longest
time span that could be observed with an adequate number of international
tests. To facilitate a comparison between the United States as a whole and other
nations, the aggregate U.S. trend is estimated from that same 14-year period and
each U.S. test is weighted to take into account the specific years that international
tests were administered. Because of the difference in length and because
international tests are not administered in exactly the same years as the NAEP
tests, the results for each state are not perfectly calibrated to the international
tests, and each state appears to be doing slightly better internationally than would
be the case if the calibration were exact. The differences are marginal, however,

and the comparative ranking of states is not affected by this discrepancy. ®m
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Appendix B:
Alternative Estimations of Trends in Student Math Achievement

Table B.1 Annual growth in test scores in 49 countries

Annual test score

change as Number of

State % of std. dev.* Std. err. e observations Time span

Latvia® 4.70% 0.77 6.07 26 1995-2009
Chile 4.37 2.21 1.98 13 1999-2009
Brazil 4.05 1.47 2.75 12 2000-2009
Portugal® 3.99 0.93 4.31 12 2000-2009
Hong Kong' 3.93 0.90 4.36 28 1995-2009
Germany' 3.77 0.85 4.45 14 2000-2009
Poland! 3.72 1.18 3.16 12 2000-2009
Liechtenstein 3.67 1.74 2.10 12 2000-2009
Slovenia® 3.58 0.99 3.61 20 1995-2009
Colombia 3.33 1.34 2.48 10 1995-2009
Lithuania 3.21 1.02 3.13 20 1995-2009
United Kingdom 2.84 1.04 2.72 22 1995-2009
Singapore 2.80 1.06 2.63 16 1995-2007
Switzerland 2.33 0.84 2.77 12 2000-2009
Greece 2.25 1.34 1.68 12 2000-2009
Mexico 2.21 1.43 1.54 12 2000-2009
Israel 1.98 1.43 1.38 17 1999-2009
Finland 1.97 1.15 1.71 12 2000-2009
Italy 1.83 0.79 2.33 24 1999-2009
New Zealand 1.73 0.73 2.36 26 1995-2009
Denmark 1.62 0.81 2.00 12 2000-2009
Korea, Rep. 1.61 0.88 1.82 20 1995-2009
Hungary 1.61 0.57 2.82 28 1995-2009
Iran 1.59 1.21 1.31 16 1995-2007
United States 1.57 0.39 4.04 27 1995-2009
Taiwan 1.30 1.14 1.14 16 1999-2009
Belgium 1.24 0.98 1.26 12 2000-2009
Canada 1.07 0.72 1.47 16 1995-2009
Cyprus 1.02 1.73 0.59 12 1995-2007
Australia 0.99 0.58 1.70 24 1995-2009
Jordan 0.88 1.20 0.73 12 1999-2009
Russian Fed. 0.83 0.88 0.94 26 1995-2009
Indonesia 0.73 1.43 0.51 18 1999-2009
Austria 0.67 0.67 1.00 13 1995-2007
Spain 0.65 1.24 0.52 12 2000-2009
Iceland 0.62 0.79 0.79 14 2000-2009
Japan 0.55 0.62 0.89 26 1995-2009
Netherlands 0.45 0.65 0.69 23 1995-2009
Tunisia 0.18 1.78 0.10 19 1999-2009
Argentina 0.14 2.16 0.06 9 2002-2009
France' -0.13 0.69 -0.19 14 2000-2009
Ireland’ -0.47 1.03 -0.46 12 2000-2009
Norway" -0.61 0.74 -0.82 26 1995-2009
Romania® -1.12 0.84 -1.33 19 1995-2009
Czech Rep.’ -1.25 0.71 -1.76 22 1995-2009
Slovak Rep." -1.33 1.08 -1.24 17 1995-2009
Thailand?® -1.54 0.78 -1.96 16 1999-2009
Bulgaria® -1.81 1.65 -1.10 18 1995-2009
Sweden' -2.55 0.76 -3.35 20 1995-2009

*Annual test score change as % of std. dev.
**significantly different from zero
U significantly different from United States
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Table B.2 Average gain and percent change in percentage below basic and percentage
proficient, 1992-2011, by state

4th Grade 8th Grade
Average % reduction % reduction % reduction % reduction
gain as in percentage in percentage in percentage in percentage

State % of std. dev.* below basic below proficiency below basic below proficiency
Maryland 3.3% 69% 36% 44% 26%
Florida 3.2 66 28 37 15
Delaware 3.2 64 26 46 20
Massachusetts 3.1 76 46 61 36
Louisiana 2.8 56 20 42 16
South Carolina 2.8 60 27 43 20
New Jersey 2.7 65 35 53 30
Kentucky 2.7 69 30 42 20
Arkansas 2.6 63 31 46 21
Virginia 2.6 69 33 48 25
Hawaii 2.6 59 29 40 19
North Carolina 2.6 76 36 53 28
Mississippi 2.5 57 20 37 14
Georgia 2.5 56 26 40 17
Ohio 2.5 68 35 49 25
Pennsylvania 2.3 62 33 31 22
California 2.3 51 24 22 11
Texas 2.3 67 28 61 27
New York 2.2 53 23 30 12
Colorado 2.2 60 36 45 28
Alabama 2.1 56 19 35 11
Tennessee 1.9 53] 22 33 14
New Hampshire 1.8 73 43 36 25
Wyoming 1.8 61 31 40 21
Idaho 1.8 b5 28 30 19
Minnesota 1.8 59 36 35 24
Missouri 1.7 54 28 27 15
Rhode Island 1.7 65 34 39 22
Indiana 1.7 67 34 42 18
Connecticut 1.5 45 28 31 17
Arizona 1.4 51 24 30 19
New Mexico 1.4 50 21 32 14
Utah 1.4 56 30 19 16
North Dakota 1.3 63 31 30 19
Michigan 1.3 45 20 30 15
West Virginia 1.1 54 22 34 13
Nebraska 1.0 48 23 14 9
Wisconsin 1.0 52 30 27 19
Oklahoma 0.9 57 23 30 13
Maine 0.7 47 24 24 18
lowa 0.7 48 23 0 3

Note: Data unavailable for nine states
* Annual test score change as % of std. dev. for math, reading, and science (see methodology section for calculations.)
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Figure B.1 Overall annual rate of growth in student achievement in math, reading, and science,
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Figure B.2 Overall annual rate of growth in student achievement in math, reading and science in

© Q9909 9 Q99 Qo
W <Ema~O0 7T a @

6.0%

(UoI3RIASD piepuels Jo Juadiad)
suieb 2103s-}$93 |enNUUE PajeWI}ST

‘day ‘ealoy
e|sauopuj
Ajey
snidA)
puejIaz}IMs
929919
alodebuls
uel|

Joels|
02IXaN
ueplior
wopbury pajun
ul93suslyoal
Auewusg
puejod
buoy buoH
BIUBAO|S
jebniiod
lizelg
eIA}eT]
3llyd
eluenyy

eIqWojo)

*See Appendix A, pp. 23-25 for details on this specific methodology

hks.harvard.edu/pepg

educationnext.org

30



Appendix B: Alternative Estimations of Trends

1995-2009 (excluding 4th grade and 9-year-old performances)
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49 countries, 1995-2009 (normed on performances on PISA 2003)
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Figure B.3 Overall annual rate of growth in student achievement in math and reading in 41 U.S.
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Figure B.4 Overall annual rate of growth in student achievement in math and reading in 41 U.S.
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states, 4th grade

states, 8th grade
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