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Executive Summary
Of the various proposals under discussion for improving public education,
some of the most hotly debated have been those designed to reform
teacher compensation. This Brief addresses differential compensation
designed to attract and retain effective mathematics and science teachers;
it accomplishes this through a focus on approaches that integrate
performance-based reforms into an ongoing wage enhancement.

It is vital that the U.S. increase student achievement in science and
mathematics to the level attained by high-performing nations...
It is vital that the U.S. increase student achievement in science and
mathematics to the level attained by high-performing nations, such as
Finland, Korea, Japan and Estonia. Doing so would result in increased
U.S. economic growth of approximately 2/3 of a percentage point each
year.
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Teachers are critical to attaining world-class levels of performance in
mathematics and science. A growing body of research has documented
a wide range in the effectiveness of individual teachers with respect to
raising student achievement. The current compensation system rewards
WUDGLWLRQDOWHDFKHUTXDOL¿FDWLRQVWKDWKDYHEHHQGHPRQVWUDWHGDVXQUHODWHG
to raising achievement, including whether a teacher possesses a general
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HGXFDWLRQFHUWL¿FDWHDQDGYDQFHGGHJUHHRU\HDUVRI
H[SHULHQFHDIWHUWKH¿UVW6RPHRIWKHGLIIHUHQFH
in teacher effectiveness has been explained by prior
academic success (e.g., SAT or ACT scores) and
whether a science or mathematics teacher has a major
LQWKH¿HOG(YHQIRUPDWKHPDWLFVRUVFLHQFHWHDFKHUV
ZLWKWKHVHTXDOL¿FDWLRQVWKHUHUHPDLQVDVXEVWDQWLDO
range in effectiveness.

A growing body of research has documented
a wide range in the effectiveness of individual
teachers with respect to raising student
achievement.
A substantial proportion of high school and middle
school mathematics and science teachers do not
SRVVHVV D PDMRU LQ WKHLU ¿HOG RU LQ D UHODWHG ¿HOG
including, for example, approximately 43% of middle
school mathematics teachers. In addition, teachers
with higher SAT scores tend to leave teaching, while
those with lower SAT scores tend to remain.
2QH RI WKH FDXVHV RI WKLV VKRUWDJH LQ ZHOOTXDOL¿HG
science and mathematics teachers appears to be a
“wage gap” between salaries in the private sector
and those of teachers in public education. Depending
on the calculation, the gap in wages for those
with a science or mathematics degree has been
estimated to be between $5,000 and $24,000 in the
tenth year after college. Yet, wages are only one of
WKH LQÀXHQFHV RQ WKH UHFUXLWPHQW DQG UHWHQWLRQ RI
science and mathematics teachers. As one part of a
broader strategy to raise science and mathematics
achievement, we recommend that policymakers
explore an initial wage enhancement of approximately
$3,000 to $5,000, followed by a review to determine
if any further additions are necessary.

The current compensation system rewards
WUDGLWLRQDOWHDFKHUTXDOL¿FDWLRQVWKDWKDYH
been demonstrated as unrelated to raising
achievement...
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Due to the wide variation in teacher effectiveness,
we also recommend that the wage differential be
performance-based as well as focused on student
achievement gains. An increasing body of evidence
indicates that performance-based compensation can
raise student achievement. A performance-based
approach is more likely to encourage the best teachers
to remain, while perhaps also encouraging the least
effective to seek more productive employment
elsewhere.

A performance-based approach is more likely
to encourage the best teachers to remain, while
perhaps also encouraging the least effective to
seek more productive employment elsewhere.
Several elements should be addressed in the design of
such plans: a) incentives for both group performance
and individual performance; b) the involvement of all
relevant teachers, including those for whom no gain
scores are available from a state assessment; c) in
calculating test score gains, reliance on sophisticated
“value added models” (VAM) rather than simpler, lessDFFXUDWHFDOFXODWLRQVG XVHRIDKLJK¿[HGFULWHULRQ
for growth in determining individual awards, instead
of just rewarding the highest performers (enabling
more teachers to succeed over time).
However, without other complementary strategies to
improve math and science achievement, these amounts
ZLOOOLNHO\SURYHLQVXI¿FLHQW6XFKEURDGHUVWUDWHJLHV
LQFOXGH UHGXFLQJ EDUULHUV WR HQWU\ IRU TXDOL¿HG
FDQGLGDWHV E\ LPSURYLQJ DOWHUQDWLYH FHUWL¿FDWLRQ
programs; professional development in researchvalidated methods for classroom management (which
addresses a key cause of attrition), and; reforming
K-8 math standards and curriculum materials to make
them more focused on core skills and less repetitive.

Introduction
6DODULHVDQGEHQH¿WVGHYRWHGWRLQVWUXFWLRQW\SLFDOO\
form the largest part of school district operating
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budgets.1 Among the multitude of proposals for
improving public education, some of the most hotly
debated are those to fundamentally reform teacher
compensation systems. While the overwhelming
majority of America’s educators are still paid much
the same way as they have been for nearly a century,
bold and far-reaching reforms are now receiving a
respectful hearing in many states as well as at the
national level. In fact, an unprecedented number of
communities and states are putting into effect, in some
cases even taking to scale, changes in compensation
that question fundamental premises of the standard
model. A key area of focus for many of these reforms
is the compensation of teachers of science and
mathematics.

Bold and far-reaching reforms are now
receiving a respectful hearing in many states as
well as at the national level.
The traditional compensation system starts all teachers
in a school district at essentially the same salary,
then adds increments based on graduate degrees as
well as annual raises based on years of experience.
First used in 1921 in Denver and Des Moines, this
model was implemented to assure “…pay equity,
professionalism, and employee satisfaction across
grade levels, political wards, districts, and disciplines
and to displace prior pay systems negotiated between
individual teachers and local school boards”.2
The new compensation reforms generally fall into
two categories:
Differential compensation is usually based on the
PDUNHWSULQFLSOH²WKDWSD\VKRXOGEHÀH[LEOHUDWKHU
than uniform, varying based on the amount necessary
WR UHFUXLW DQG UHWDLQ VWDII ZLWK KDUGHUWR¿QG
TXDOL¿FDWLRQV RU IRU PRUH FKDOOHQJLQJ DVVLJQPHQWV
Teachers with a college major or subject credential in
science or mathematics are examples of the former,
while schools serving primarily disadvantaged
students are representative of the latter. Differential
compensation can also involve differentiated roles

for educators within the school environment, such as
master teachers that accept additional responsibilities
for coaching other teachers.
Performance-based compensation rewards the
attainment of targeted results, or behavior that is
helpful in achieving the desired results. Results often
include student achievement growth and, at the high
school level, a higher graduation rate; additional
targeted results may include such things as increased
parent satisfaction and a safer, more focused school
culture. Other measures of teacher performance,
such as enhanced observations of classroom teaching
by school administrators and the acquisition of
knowledge and skills relevant to improving student
achievement, may also be useful when considering
performance-based systems.
Reforms of both types share the same fundamental
premise that compensation should be aligned with
important organizational goals—that you “get what
you pay for” and, therefore, should make sure
that you pay for what you want. If schools need to
DWWUDFWFDQGLGDWHVZLWKKDUGWR¿QGVNLOOVRUWRPHHW
FKDOOHQJLQJJRDOVFRPSHQVDWLRQVKRXOGUHÀHFWWKDW
Until fairly recently, these two types of reforms were
considered quite separate strategies; they might be
complementary, but they involved different reforms.
Increasingly, however, there is an appreciation for the
value of reforms that integrate elements from both
categories.
For example, the federal Teacher Incentive Fund (TIF)
created by Congress in 2006 to disburse nearly $100
million in grants3 to support teacher compensation
reforms included the following competitive priority
in a request for proposals (emphasis added):
Provide differentiated levels of compensation to
recruit or retain effective teachers … (as measured
by student achievement gains) … in hard-tostaff subject areas such as math and science (5
points).4
The TIF, which funds many state and district reform
initiatives, is encouraging differential pay reforms
that address not only initial recruitment of teachers in
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mathematics and science, but also their retention. In
doing so, the TIF is also encouraging that differentiated
compensation focus on high-performing teachers in
the shortage areas, those deemed effective according
to measures of academic achievement growth.
Similarly, a recent publication offering advice to
policymakers also recommends focusing differential
pay for mathematics and science teachers solely on
those determined to be “effective.”5

Compensation reform ...though critical, is
just one element of a comprehensive strategy
QHHGHGWRHIIHFWLYHO\DQGHI¿FLHQWO\LQFUHDVH
student learning in math and science.
This Brief is divided in three sections and will supply
support for an approach to teacher compensation that
integrates differential pay for hard to staff subjects,
VSHFL¿FDOO\PDWKDQGVFLHQFHZLWKSHUIRUPDQFHEDVHG
PHDVXUHV 7KH ¿UVW VHFWLRQ SURYLGHV SROLF\PDNHUV
with essential background information connected to
compensation reform for math and science teachers:
1) summary of important recent research on the need
WRVLJQL¿FDQWO\LQFUHDVHWKHPDWKHPDWLFVDQGVFLHQFH
achievement of U.S. students; 2) impact of teachers
DQGWHDFKHUTXDOL¿FDWLRQVRQUDLVLQJPDWKHPDWLFVDQG
science achievement; 3) a review of the “earningsgap” between teaching and the private sector for those
with a degree in the sciences or mathematics. The
second section discusses the current range of options
to approach differential compensation, the range of
options for performance-based compensation, and
the issues policymakers will need to address when
implementing any type of compensation reform.
The third section will address teacher compensation
reform as part of a broader context of reform of
science and mathematics education. We will make the
case that compensation reform, though critical, is just
one element of a comprehensive strategy needed to
HIIHFWLYHO\DQGHI¿FLHQWO\LQFUHDVHVWXGHQWOHDUQLQJLQ
math and science.

4

I. Background
A. U.S. Mathematics and Science Achievement in
a Global Context
Since the release of A Nation At Risk report in
19836, employers and economists have argued for
the importance of enhancing the skills of American
students in mathematics and science. National
Education Goals adopted by the nation’s governors
and President George H. W. Bush in 1989, later
FRGL¿HG LQWR IHGHUDO ODZ E\ *RDOV  LQ 
adopted as a goal that U.S. students would lead the
world in mathematics and science by 2000.7
Since the 1960’s, several international studies of
student achievement in mathematics and science have
documented the relatively mediocre performance of
U.S. students when compared to students from other
developed countries. The most recent international
comparison—the Programme for International
Student Assessment (PISA)—was conducted in
2003.8

Since the 1960’s, several international studies of
student achievement in mathematics and science
have documented the relatively mediocre
performance of U.S. students when compared to
students from other developed countries.
Unfortunately, the U.S. did not meet the goal of
leading the world in mathematics and science by
2000 and our students have never reached the top tier
of international performance. U.S. students remained
stuck near the middle of the pack among developed
countries and, in fact, slipped a bit when compared
to their peers. The continuing emphasis on students
performing as well as those from high-scoring nations,
however, is not just an issue of national pride.
A new study that emphasizes the impact of student
skills in science and mathematics on U.S. economic
growth has reinforced the urgency of improving our
student achievement.9 By analyzing the economic
growth measured by Gross Domestic Product (GDP)
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of 50 countries that participated in the international
studies of mathematics and science achievement
from the 1960s to the present day, economist Eric
Hanushek and his colleagues were able to determine
the impact of student skills in these subject areas; the
result is quite large, up to 2/3 of a percentage point of
GDP growth each year. Further, it appears that this is
due both to the skills of top-scoring students (future
“rocket scientists”) as well as the general competence
of everyone else. To provide a sense of the magnitude
RIWKHSRWHQWLDOEHQH¿WWRWKH86HFRQRP\WKHVWXG\
notes:
But had [U.S. students matched the performance of
those in top-scoring nations] by 2000, our results
suggest that GDP would by 2015 be 4.5 percent
greater than in the absence of any such gains. That
4.5 percent increment in GDP is equal to the total
the U.S. currently spends on K-12 education…In
words, had that money effectively raised cognitive
skills…the economic returns to the country would
probably have been enough to cover the entire
cost of education in 2015 and after.10

In middle school mathematics, approximately
43% of teachers have neither a major in their
VXEMHFWQRULQDUHODWHG¿HOG
%,PSDFWRI7HDFKHUV 7HDFKHU4XDOL¿FDWLRQV
on Achievement
Beginning with the work of value added assessment
pioneer Bill Sanders in the 1990s, and continuing with
a broader group of researchers to the present day, a
substantial body of research has documented the impact
RILQGLYLGXDOWHDFKHUVDVZHOODVWKHLUTXDOL¿FDWLRQV
on raising student achievement.11 Conducted
independently by a diverse range of investigators, this
“teacher effects” research found that quite a few of
the commonly held assumptions about the importance
RIFHUWDLQWHDFKHUTXDOL¿FDWLRQVVLPSO\GRQRWKROGXS
under careful scrutiny. The following appear to have
no impact on raising student achievement: 1) whether
RUQRWDWHDFKHUKROGVDJHQHUDOHGXFDWLRQFHUWL¿FDWLRQ

2) advanced degrees beyond a Bachelors; 3) years of
H[SHULHQFHWHDFKLQJDIWHUWKH¿UVWWZRWRWKUHH12 Yet,
the traditional licensing and compensation system
still relies on precisely these factors in determining
who should teach and what should be rewarded!

After just three years, the difference
in the effectiveness of the teachers had
resulted in a performance gap of almost
50 percentile points...
While the teacher effects research disproved many of
the conventional assumptions about what mattered
for teacher quality, researchers also discovered
that student growth was less dependent on “student
demographic factors”. That is, teachers were
enormously varied in their effectiveness at raising
student achievement. Some teachers were highly
effective, while others were highly ineffective. The
effect on students receiving instruction from teachers
of either type was found to be profound. For example,
one study monitored two similar groups of 3rd grade
students, both functioning near the national norm;
one started at the 55th percentile (Group 1), while the
second started at the 57th percentile (Group 2). Group
1 received instruction from three effective teachers
and ended up at the 76th percentile. Group 2 received
instruction from three ineffective teachers and ended
up at the 27th percentile. After just three years, the
difference in the effectiveness of the teachers had
resulted in a performance gap of almost 50 percentile
points, even though the two groups had started at
approximately the same level.13
Precisely what teacher characteristics would produce
these huge differences? The evidence that subject
area content knowledge matters, strongest for middle
and high school science and mathematics, has led
to increased attention to recruiting and retaining
teachers who have majored in those subjects (if
possible, from candidates with high test scores or
who attended selective colleges). Data from the 2008
National Science Foundation’s annual Science and
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Engineering Indicator report provides a view of the
extent of the problem. In high school mathematics,
approximately 11% of teachers do not have a major
HLWKHULQPDWKHPDWLFVRULQDUHODWHG¿HOGZKLOHRYHU
15% of those teaching low-income students do not.
In middle school physical science, approximately
29% of teachers do not have either a major in their
VXEMHFWRUDPDMRULQDUHODWHG¿HOG,QPLGGOHVFKRRO
mathematics, approximately 43% of teachers have
neither a major in their subject nor in a related
¿HOG14

...the teachers that tend to remain in teaching
also tend to be disproportionately those with
lower levels of prior academic success.
Further, the teachers that tend to remain in teaching
also tend to be disproportionately those with lower
levels of prior academic success. One study that
analyzed a large group of teachers entering the
profession in 1994 found that while they started with
an average SAT score of 967, by 2003, the average
SAT score of those who had remained was 929.15
Teachers with higher SAT scores left teaching at
higher rates than those with lower SAT scores.
C. Earnings Gap Between Private Sector and
Teaching
Does money matter? While high earnings may not
be the primary goal for many teachers, teachers
GR UHVSRQG WR ¿QDQFLDO LQFHQWLYHV16 For college
graduates with a major in science or mathematics, a
career in teaching provides lower compensation than
a typical career in the private sector. While there is
some dispute regarding its size, most observers agree
that—especially after several years in teaching—
WKHUH GHYHORSV D VLJQL¿FDQW JDS EHWZHHQ WKH ZDJHV
of science and mathematics teachers and those with
science or mathematics majors in the private sector.
One analyst calculated the gap ten years after college
using two different methodologies, with one method
yielding a difference of approximately $5,000-$6,000
and the other yielding a difference of approximately
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$24,000. In both cases, the difference was quite small
in the early years soon after college.17 Since signing
bonuses or other short term incentives do little to
address the wage gap in later years, when it becomes
most substantial, policymakers should consider
differential pay models that provide for an ongoing
wage adjustment.

Especially after several years in teaching—there
GHYHORSVDVLJQL¿FDQWJDSEHWZHHQWKHZDJHV
of science and mathematics teachers and those
with science or mathematics majors in the
private sector.
Even if there were a clear consensus on the size of the
wage gap, it is not obvious what the proper amount of
a pay differential should be. It may not be necessary to
HQWLUHO\HOLPLQDWHWKHJDSLQRUGHUWR¿OOWKHQHFHVVDU\
SRVLWLRQV ZLWK ZHOOTXDOL¿HG FDQGLGDWHV 'LIIHUHQW
researchers have suggested very different amounts.
Most actual differentials in school systems have
been in the range of $1,000 to $2,000, which appears
small relative to the size of the wage gap. One study
investigated a pay differential for math, science and
special education of $1,800 in North Carolina and
found only modest effects.18 Another study surveyed
college sophomores and juniors intending to major
in science or mathematics to determine whether they
would consider becoming a teacher and, if so, whether
different salary levels would impact their decision.
Although the implications of this study should be
interpreted with caution until it is replicated, it is
interesting to note that the researchers found a linear
relationship between interest in teaching and higher
salary levels. That is, as the prospective teaching
salary increased in equal increments, a steadily larger
proportion of students who intended to major in math
and science indicated they would consider becoming
a teacher.19
One analyst recommends pay differentials “…of at
least $5,000 per teacher per year…”.20 As one part
of a broader strategy, our recommendation is that
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a $5,000 annual differential is the maximum that
policymakers should consider, at least initially, until
they’ve had an opportunity to evaluate the success of
such a differential. While the more common $1,000 to
GLIIHUHQWLDOLVXVXDOO\WRRORZIRUDVLJQL¿FDQW
impact, a differential in the range of $3,000 to $4,000
PD\ZHOOEHVXI¿FLHQWHVSHFLDOO\LILWLVLPSOHPHQWHG
in conjunction with other reforms that address the
issue at lower cost (these are discussed in section
three of this Brief).

II. Compensation Reform for Math and
Science Teachers
A. Current Approaches to Differential Pay:
Wide Range of Options for Differential
Compensation
Differential compensation programs, at both the state
and district levels, vary enormously in their design
and features. As of January 2008, one review listed
sixteen states as having in place policies or initiatives
encouraging districts to implement differential pay for
targeted teaching-assignment areas, such as science or
PDWKHPDWLFV6RPHRIWKHVHDUHTXLWHVSHFL¿FVXFK
as loan forgiveness or a signing incentive.21 Below
are summaries of several programs.

Since signing bonuses or other short term
incentives do little to address the wage gap
in later years...policymakers should consider
differential pay models that provide for an
ongoing wage adjustment.
The Oklahoma Teacher Shortage Employment
Incentive Program (TSEIP) is a state-established
program administered by the Oklahoma State Regents
for Higher Education. It offers reimbursements
of student loans or equivalent cash payments to
individuals who complete a traditional program of
teacher education leading to a degree in math or
science education. Participants must also agree to
WHDFKLQDQ2NODKRPDSXEOLFVFKRROIRU¿YH\HDUV

Mississippi offers a variety of “Critical Needs
Incentives.” Among these is Housing Assistance for
Teachers (H.A.T.), which offers loans of up to $6,000
and pays closing costs for teachers in critical shortage
areas. The obligation is 1 year of service for 1/3 of the
amount of the loan.
Brevard Public Schools, Florida, posts critical
shortage areas and offers new hires in these
DUHDV D ERQXV RI  7KH ¿UVW  LV SDLG
thirty days after the teacher completes a 97-day
probationary period and returns for the second
semester. The second $1,000 is paid the following
September when the teacher is reappointed and
returns for the second year. Shortage areas include
high school math and science, middle school math,
and a wide range of special education positions.

Researchers found a linear relationship between
interest in teaching and higher salary levels.
Some information exists on differential compensation
initiatives that were designed to recruit high quality
teachers to hard-to-staff schools serving disadvantaged
students. Because of the design similarities with
programs targeting science and mathematics, a
discussion of two such initiatives follows.
In 2000, Chattanooga implemented a differential
pay plan to attract some of its best teachers to nine
of its lowest performing schools. The teachers were
LGHQWL¿HG LQ SDUW WKURXJK GDWD IURP WKH 7HQQHVVHH
value added assessment system. Differential
incentives included a $5,000 annual bonus, free
tuition toward a Master’s degree, a $10,000 loan
toward a down payment on a house (forgivable if the
WHDFKHUWDXJKWDWWKHVFKRROIRU¿YH\HDUV DQG
to every teacher in the school that boosted student
WHVWVVFRUHVVLJQL¿FDQWO\7KH%HQZRRG)RXQGDWLRQ
a local philanthropic organization, provided funding.
7KH LQLWLDWLYH PRYHG VLJQL¿FDQW QXPEHUV RI KLJK
performing teachers into troubled schools while
moving out 100 underperforming teachers. Some
positive results have occurred; all nine schools
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increased the proportion of 3rd graders reading at or
above grade level by at least 10 percentage points.22

As the prospective teaching salary increased in
equal increments, a steadily larger proportion
of students who intended to major in math and
science indicated they would consider becoming
a teacher.
In 1998, a Massachusetts Initiative for New Teachers
(MINT) was established that included a $20,000
signing bonus to recruit high-quality candidates to
enter the profession who might not otherwise consider
a career in teaching. According to the Massachusetts
Department of Education, nearly 4,000 candidates
from forty states and eight countries applied for the
program.23 While the program had some successes,
critics believed that it stumbled in several respects.
$ VLJQL¿FDQW QXPEHU RI WKH UHFUXLWHG WHDFKHUV IHOW
frustrated by a lack of support at their schools,
leading several to quit before completing their fouryear commitment. Unfortunately, several induction
programs at the participating districts were limited
RU LQ VRPH FDVHV G\VIXQFWLRQDO 7KH ¿QDQFLDO
payment also did not appear to motivate at least
some of the teachers. Instead, many teachers reported
YDOXLQJ WKH DFFHOHUDWHG FHUWL¿FDWLRQ SURFHGXUH XVHG
to enable them to enter teaching.24 Initially the state
fully funded the program for three years. However,
amid statewide budget concerns and growing costs,
the program was dramatically reduced for subsequent
years. Currently, only two districts participate and the
future of state funding is unclear. Yet, until recently,
the program was still regarded as the largest provider
of math and science teachers in the state.
B. Performance-based Compensation
As suggested above, policymakers should consider
incorporating an element assessing “effectiveness”
in any ongoing differential compensation for
mathematics and science teachers. The extraordinarily
wide variation in teacher effectiveness encourages
focus on retaining only those teachers who are, in

8

fact, capable of increasing student learning. The
rationale for performance-based compensation has
traditionally been cast in terms of increasing staff
motivation. While promoting motivation is important,
another, often overlooked, reason for performancebased compensation is that it encourages staff to
self-sort according to the targeted outcome. Broader
ODERU PDUNHW VWXGLHV ¿QG WKDW SHUIRUPDQFHUHODWHG
compensation systems also achieve their results by
attracting and retaining those employees who are
good at the targeted activity. Employees who are
consistently ineffective will leave the profession
to seek out other opportunities, raising the overall
quality of the remaining team.25

All nine schools increased the proportion of 3rd
graders reading at or above grade level by at
least 10 percentage points.
Much has been learned from well-documented
experiences designing and implementing performance
based compensation plans. While most pay-forperformance plans have been initiated by school
districts, states are becoming increasingly involved.
$VRI-DQXDU\RQHVXUYH\LGHQWL¿HGVHYHQVWDWH
programs supporting pay-for-performance plans of
varying types, including Alaska, Arizona, Arkansas,
Florida, Minnesota, North Carolina, and Texas.26
Since then, Utah has also appropriated funds ($20
million) to encourage districts to experiment with
pay-for-performance plans.27
The design of performance-based compensation plans
has varied widely, ranging from plans that reward
differentiated roles for teachers (e.g., mentor teacher)
to models that reward teachers for increasing their
own knowledge and skills to approaches that provide
incentives for increased student achievement. It is
beyond the scope of this Brief to cover all types of
performance-based compensation. Instead, we focus
on designs that reward educators for raising student
achievement and consider how these might be applied
to justify ongoing wage differential for teachers of
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science and mathematics.
There is a growing body of evaluative research
showing generally positive results for approaches that
reward educators for increased student achievement.
A 2006 review sifted through the available studies
DQGLGHQWL¿HGHYDOXDWLRQVFRQGXFWHGDFFRUGLQJWR
ULJRURXV VFLHQWL¿F PHWKRGRORJ\ 7KRXJK WKH WRWDO
number of rigorous evaluations is not large, it found
DSURPLVLQJOHYHORIFRQVLVWHQF\LQWKH¿QGLQJV2I
the nine studies, there were unambiguously positive
results for seven. Even for the two that were found to
KDYH³PL[HG´UHVXOWVERWKVLJQL¿FDQWO\LPSURYHGWKH
behavior that was rewarded; however, the planners for
those two initiatives had hoped that other behaviors
(which were not rewarded) would also improve.
Interestingly, two of the studies were conducted in a
manner permitting comparison between the relative
impact of group rewards and individual rewards;
individual rewards were found to have substantially
higher effects than group rewards. Another study used
a different assessment for the evaluation than the one
used to determine rewards, addressing concerns about
narrow “teaching to the test”; it too found positive
results on the separate measure.28

Policymakers should consider incorporating
an element assessing “effectiveness” in
any ongoing differential compensation for
mathematics and science teachers.
An even more recent 2008 review from the National
Mathematics Advisory Panel, summarized in the
Report of the Task Group on Teachers and Teacher
Education, similarly found consistently positive
results. Of the fourteen research studies that met
WKHUHYLHZHUV¶ULJRURXVVWDQGDUGVWKLUWHHQLGHQWL¿HG
positive effects from efforts to reward educators for
high student performance.29
C. Issues for Policy Design
When designing compensation policies that will
integrate differential and performance-based pay, it
is important policymakers consider four key issues:

1) What type of differential compensation (and how
much) will be provided?
Policymakers should decide if the differential portion
of the compensation package will provide math and
science teachers a one time signing bonus, higher
start pay, or other incentives with a cash value, such
as housing or low interest loans. For example, an
evaluation of the MA MINT program suggested that
the cost of the program (i.e. $20,000 per recruit) was
too burdensome for the state to maintain given the
VKHHUQXPEHUVRISHRSOHQHHGHGWR¿OOWKHPDWKDQG
science teaching positions.

There is a growing body of evaluative
research showing generally positive results for
approaches that reward educators for increased
student achievement.
2) How are teachers without state standardized test
results included in the performance-based system?
Many mathematics teachers and science teachers are
in grades without any state-mandated assessments.
In mathematics, states typically assess in grades 3-8
and then only once in high school, while in science,
most states only assess once in elementary school,
once in middle school, and once in high school. In
science, even for those grades with state assessment
results, inferring the contribution to student learning
made by individual teachers (their “value added”) is
limited by the lack of results from the prior grade for
those students. From a measurement standpoint, the
ideal solution is for districts to implement their own,
curriculum-aligned assessments. If that is not feasible,
another option is illustrated by Denver’s ProComp
pay-for-performance plan. Under ProComp, teachers
ZRUNZLWKWKHLUSULQFLSDOVWRGHYHORSKLJKO\VSHFL¿F
measurable growth objectives for student achievement.
Some objectives are based on assessments embedded
in the curriculum or instructional materials, while
RWKHUV DGGUHVV VSHFL¿F VWXGHQW VNLOOV H[SUHVVHG LQ
measurable terms. While some judgment by the
principal is ultimately involved in determining
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whether objectives were met, it is not entirely
subjective if the objectives are designed properly and
are measurable. Such objectives may even be a good
idea for grades in which gains may be measured by
state standardized tests in order to provide a more
complete picture of student achievement. Thus,
for teachers in grades or classes without test score
gains, the best solution may be a combination of
individual rewards for student achievement growth
on measurable learning objectives combined with
group rewards for school-wide performance on the
state assessment.

Individual rewards were found to have
substantially higher effects than group rewards.
3) Which is best? Individual or Group rewards
There has been somewhat less resistance to group
rewards in public education than individual awards.
Sometimes, concerns about individual awards have
been based on fears about the accuracy of measures
at the level of the individual. More often, concerns
KDYH EHHQ H[SUHVVHG WKDW VFKRROV EHQH¿W IURP
collaboration among teachers, which, it is thought,
will be discouraged by individual rewards.
The accuracy of individual teacher results can
be addressed successfully if policymakers avoid
simplistic calculations and, instead, opt for quality
“value added models”. These approaches typically
rely on results from three years of data associated
with an individual teacher (though they can be
implemented in just one year, if a school system has
prior data).30 While there is some cost associated with
these methodologies, it is not high; the expense will
certainly not be a large proportion of the overall cost
of a typical performance compensation plan unless
the total number of teachers involved is very small.
The alternative—simple non-statistical calculations
of test scores—results in determinations with a high
degree of error, often rewarding individuals who are
not effective and failing to reward teachers who are.
With respect to group dynamics, while it is true that
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productive collaboration among teachers is very
useful in schools, fears that individual rewards will
discourage collaboration can be addressed. It is not
necessary to pit teachers against each other in payfor-performance plans. Value added calculations
have historically been used to identify the most
effective teachers (usually 20%-30%), as well as the
least effective teachers (again, usually 20%-30%).
Well-known value added models in Tennessee and
Dallas were implemented in this way. Arguably,
using such an approach in the context of pay-forperformance could lead to discouraging teachers
from collaboration, since one teacher helping another
ZLOO PDNH LW WKDW PXFK KDUGHU IRU WKH ¿UVW WHDFKHU
to score in the top group. While it should be noted,
KRZHYHU WKDW ZH FRXOG ¿QG QR DFWXDO HYLGHQFH
supporting such an effect, policymakers can address
WKLVIHDUE\DGRSWLQJDKLJKEXW¿[HGFULWHULRQIRUWKH
student achievement gains that merit reward for any
teacher. In addition, policymakers should consider
weighting both individual results and group results
in determining awards. Inclusion of a component
based on group success provides a direct incentive
IRU FROODERUDWLRQ ,I D ¿[HG FULWHULRQ IRU JURZWK
is combined with weighting group and individual
results, a solution can be designed to allay fears that
collaboration among teachers might be discouraged.
4) What performance is good enough? A High, Fixed
Growth Standard for Teacher Success
Value added models based on standardized test
results, such as state assessments, can work with a
¿[HGFULWHULRQDQGKDYHVRPHWLPHVEHHQLPSOHPHQWHG
in such a fashion.31 In such an approach, value added
calculations identify the degree of possible error for
each teachers’ student gain results, and determinations
of whether a teacher met the standard are adjusted
for this amount. In this model, no teacher helping
another reduces his or her chance of success. Over
time, if the initiative is successful, more teachers will
meet the standard and earn the reward, so this needs
to be accounted for in setting the initial standard, as
well as budget planning.
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Of the fourteen research studies that met the
UHYLHZHUV¶ULJRURXVVWDQGDUGVWKLUWHHQLGHQWL¿HG
positive effects from efforts to reward educators
for high student performance.
,I D ¿[HG FULWHULRQ LV WR EH HVWDEOLVKHG IRU JDLQV LW
is a policy judgment how high to set that standard.
At a broad conceptual level, this is similar to the
policy judgment involved in establishing standards
IRU³SUR¿FLHQF\´RQVWDWHDVVHVVPHQWV,QWKHFDVHRI
establishing a growth standard for teacher success,
a carefully designed process should be followed to
analyze available prior data and establish a challenging
but realistic benchmark.32 The growth performance of
all teachers can be sorted and the impact of multiple
proposed standards can be considered. Any such
standard should be reviewed after a few years of
program implementation.

For teachers in grades or classes without test
score gains, the best solution may
be a combination of individual rewards
for student achievement growth on measurable
learning objectives combined with group
rewards for school-wide performance
on the state assessment.
In instances where value added calculations for
individual teachers are not possible (e.g., science
DVVHVVPHQWV DW RQO\ WKUHH JUDGHV LQ .  ¿[HG
criteria can still be set for school-wide performance.
Such targets should address improvement, not
simply a single performance goal. If the assessment
KDV PRUH WKDQ WZR WDUJHWV LH SUR¿FLHQWQRQ
SUR¿FLHQW  LW PD\ DOVR EH EHQH¿FLDO WR VHW PRUH
than a single improvement target. For example, by
setting performance categories for improvement
according to the proportion of students achieving an
“advanced” level, as well as improvement according
WRWKHSURSRUWLRQDFKLHYLQJ³SUR¿FLHQF\´WZRWDUJHWV
are established.

III. Improving Pay Only Goes So Far—
The Broader Context
Given the goal is to improve student learning by
¿OOLQJ WHDFKLQJ SRVLWLRQV ZLWK TXDOLW\ FDQGLGDWHV DW
the lowest additional cost, policymakers should also
consider: a) drastically reforming teacher licensure;
b) promoting the use of research-based classroom
management strategies; c) revising curricular standards
with respect to breadth and depth coverage.
A. Reform teacher licensure requirements
First, reduce or eliminate traditional requirements
for licensure and determine if the pool of potential
candidates can be expanded using minimal
regulations. While states and districts cite the use
RI DOWHUQDWH FHUWL¿FDWLRQ URXWHV DV D ZD\ WR UHGXFH
barriers to entry, many of these programs require
the candidate to complete numerous credit hour
requirements in the evening or on weekends. These
“seat-time” obligations when added to the normal
demands of a new teacher, say for a career-changing
engineer, may still be too high for some candidates.
Policymakers should explore accelerated routes that
still maintain quality, such as the American Board
IRU&HUWL¿FDWLRQRI7HDFKHU([FHOOHQFHDIHGHUDOO\
sponsored initiative to create a rigorous alternate
FHUWL¿FDWLRQURXWHWKDWSODFHVDOLJKWHUEXUGHQRQQHZ
teachers. Eliminating regulatory burdens associated
ZLWKFHUWL¿FDWLRQDVVLVWVWKRVHLQWHUHVWHGLQHQWHULQJ
the profession. Yet, it is also necessary to create the
conditions to retain high quality teachers.
B. Use research-based classroom management
strategies
A second strategy to complement differential pay
would address the reasons why many promising new
KLUHV VRRQ OHDYH WHDFKLQJ SRVLWLRQV 1RQ¿QDQFLDO
factors contribute to attrition that helps to cause the
teacher shortage in science and mathematics. Among
the key factors of teacher attrition is student behavior
and classroom management.33 The report by Public
Agenda in 2000,“A Sense of Calling”, found that
teachers believe their preparation programs lack the
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training needed to manage a classroom, bring classes
alive and make sure their students actually learn.
In a more recent Public Agenda report, “Teaching
Interrupted”, teachers admit that their teaching would
be a lot more effective if they didn’t have to spend
so much time dealing with disruptive students. One
of the more common reasons cited for leaving the
profession or changing schools, especially in schools
VHUYLQJGLVDGYDQWDJHGVWXGHQWVLVGLI¿FXOW\PDQDJLQJ
classroom behavior. New hires with high academic
credentials appear to be especially vulnerable to the
frustrations of classroom management in a challenging
environment.34 New teachers sometimes indicate that
they feel that they have been left to “sink or swim”
in their new duties (though classroom management
is not the only reason for this). While there exists a
variety of options for assisting new teachers (e.g.,
assigning a mentor), one that is sometimes overlooked
is to provide focused professional development on
research-validated models of behavior management.
The research on positive student behavior supports,
second only to the depth of the reading research,
consists of a robust knowledge base addressing the
most effective principles and methods.35 Some of
the better-designed, school-wide programs can assist
veterans as well and enable them to focus more on
academic instruction.
C. Improve curriculum
In addition to strategies addressing recruitment
and retention of mathematics and science teachers,
policymakers grappling with the broader question
of improving student achievement in those subjects
should also consider reforms to local curricula
or even state standards. The same international
studies that have compared student achievement in
different countries have also gone beyond testing
to investigate the causes of the different results.
2QH RI WKH PRVW LPSRUWDQW ¿QGLQJV WR FRPH RXW RI
WKHVH DQDO\VHV LGHQWL¿HG NH\ GLIIHUHQFHV EHWZHHQ
the K-8 mathematics curriculum in high-performing
countries and the U.S. curriculum. Compared to the
math curricula in other nations, the U.S. approach is
IUDJPHQWHGFRYHUVIDUWRRPDQ\WRSLFVVXSHU¿FLDOO\DW
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each grade level, does not focus on the most essential
content, and includes excessive repetition.36

,ID¿[HGFULWHULRQIRUJURZWKLVFRPELQHG
with weighting group and individual results,
a solution can be designed to allay fears
that collaboration among teachers might be
discouraged.
States and districts interested in improving the
effectiveness and coherence of their mathematics
VWDQGDUGV DQG FXUULFXOD FDQ ¿QG D ZHDOWK RI
useful information in the Report of the National
Mathematics Advisory Panel, especially the “Report
of the Task Group on Conceptual Knowledge and
Skills.”37 $PRQJ WKH PRUH LQWHUHVWLQJ ¿QGLQJV ZDV
that even the better mathematics standards developed
by U.S. states and teacher professional associations
VWLOO FRQWDLQ VLJQL¿FDQW GHVLJQ ÀDZV RU OLPLWDWLRQV
when compared to the mathematics standards of
top-performing nations.38 In addition, the provided
skill-level analyses may be invaluable to reformers
interested in using the best sources from around the
world to enhance mathematics curricula for high
performance.
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