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ABSTRACT

Proposals to use teachers performance incentives as the basis for school reforms have recently attracted
congderable attention and support anong researchers and policy makers. The main message is that the most
likely way to improve students’ achievements is to institute performance incentives, direct monetary
rewards for improvements in student outcomes. However, there has been very little experience with
applying performance incentives in schools. This paper provides empirical evidence on the causal effect
of aprogram that offered monetary incentivesto teachers as afunction of their students’ achievements. The
program offered incentives to schools in the form of performance awards, part of which were distributed
to teachers and school staff as merit pay and the rest, for the well-being of teachersin the school. | evaluate
the effect of the program during the first two full academic years of its implementation, 1996 and 1997.
Since participating schools were not chosen randomly, the issue of identification is central to the empirical
strategy. The second part of the paper evauates the effect of a‘twin' program, implemented s multaneoudy
and with the same objectives as the incentive program, but in different schools, and based on providing
additional resourcesto schools. The paper compares the effect and cost of the two aternative intervention
strategies and draws policy implications.
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l. Introduction
Proposals to useteachers’ or school performance incentives as the basis for school reforms have recently
atracted considerable attention and support among researchers and policy makers.* The main messagein
the relevant body of literature is that the most likely promising way to improve students’ achievementsis
to ingtitute monetary performance incentives, direct rewards for improvements in student outcomes. It is
argued that aternative interventions, implemented in the past, tend to increase costs with no commensurate
improvement in student performance. However, there has been very little experience with applying
performance incentives to schools.? Therefore, many authors emphasize that before making the introduction
of school incentives the next revolution in schools, much more concrete evidence is needed about the
optimal incentive structure in schools and their effect and cost.

This paper seeks to derive empirical evidence on the causal effect of a program that introduced

monetary incentives to teachers as a function of the relative improvement in their students’ achievements.

! Two recently published books focus on the role of incentives in improving American schools; Hanushek et al. (1994)
and Hanushek and Jorgenson (1996). The articles by Hanushek, Hannaway, and Bishop in the latter volume directly
address theoretical aspects of various schemes of incentives and student performance. See also Heckman (1998).

2 Various teacher- and school-incentive programs were implemented in the U.S., some as State initiatives (K entucky,
South Caroling) and others as locdl initiatives (Dallas, Batimore). Details on these and other programs are presented
in Clotfeller and Ladd (1996) and EImore, Abelmann and Fuhrman (1996). Some of these programs, especialy those
based on teachers' merit pay, have been studied (see areview by Cohen and Murnane, 1985), and the results are not
encouraging, being either inconclusive or suggesting no improvement. Incentives to teachers and schools in the form
of performance awards have been few. Richards and Sheu (1992), for example, anayze the school incentives-reward
program in South Carolina. The authors find modest improvements in students achievements and no significant
improvement in attendance patterns of students or teachers. Note, however, that the studies on merit pay and
performance incentives lack the strength of experimental evidence and none of them provide convincing estimates
of the causal effect of these programs. While studies in economics suggest that incentives in private firms have a
significant effect on effort and output (Lazear, 1996), these programs are seldom evaluated systematically (Milgrom
and Roberts, 1992).



The program was implemented in 62 secondary schoolsin Israel, which were selected non-randomly to the
program in 1995. The program offered incentives to schools in the form of performance awards, part of
which were distributed to teachers and school staff as merit pay, and the rest used for the well-being
(upgrading general work conditions) of teachersin the school. The total sum awarded was determined in
advance (about $1.4m) and was distributed among the top third performers. The competition was based on
various scholastic achievement criteria, including dropout rates.

Thisteachers incentives program fits closely the framework of arank order tournament analyzed in
Lazear and Rosen (1981) and Green an Stokey (1983): the scheme pays prizes to the winners of a contest
or atournament in which the prizes depends on the rank order of the winner. In this particular contest the
distance between winnersis aso taken into account in determining how the fix prize is distributed among
winners. Comparison of the results in this paper with some relevant predictions from the theory may be
insghtful.

This paper presents an evaluation of the effect of the program during the first two full academic years
of itsimplementation, 1996 and 1997. Since the participating schools were not chosen at random, the issue
of identification is central to the empirical strategy. Indeed, participating ( treated’) schools differed
considerably, in terms of pre-program characteristics and outcomes, from all other secondary schoolsin
Israel. Nonetheless, the Ministry of Education’s rules of selection into the program provide a potentia
quasi-natural experiment that could form the basis for credible identification strategy. Israel’s Hebrew
secondary state school system includes separate religious girls' and boys' schools and religious and non-
religious coeducational schools. The program was targeted at all schools that were the only one of their
kind in each local area (community). For example, if aparticular religious girls school was selected, there
was no other such school in that community. The number of alternatives of a given school type in a

community variesin Israel from 1 to over 25. Selection into the program can therefore be described as a



discontinuous (threshold) function of this observed distribution. The schools around the cut-off point, those

included in the group of ‘one’ and ‘two’ schools in the community, might be very similar in outcomes and
characteristics and therefore may form the basis for identification. This identification strategy can be
viewed as a natural experiment or as a natural application of the Campbell (1969) discontinuity-design
method.?

As noted above, the ‘incentive’ approach to school reform is suggested as an aternative to the
‘resources approach, whereby resources are added to schools and specific interventions are structured that
hopefully will lead to better outcomes. A comparison of the two approaches in terms of their effect and cost
isessentia in order to formulate policy implications. The second part of this paper therefore evaluates the
effect of a ‘twin’ program based on the ‘resources approach and compares its effect and cost to the
incentive-based program. Alongside the teachers incentives program, Isragl’s Ministry of Education
conducted athree-year programthat endowed 22 high schools with additional resources, mainly teaching
time and on-the-job school staff training. Here, too, the objective was to improve students’ performance,
and the 22 participating schools (selected from 75 applicants) planned and developed the intervention
individually and independently. | evaluate the effect of this parallel program in its three years of
implementation, and compare its effectiveness and cost with its ‘ twin', the teachers incentives intervention.
This comparison has the attractive feature that the two programs apply at the school level: al teachersin
the school face the same incentives and the resources are used at the school level. How isit made to work
within schools is unknown, for both programs.

The identification strategy is based on a comparison between treated schools and other applicants,

3 Van der Klaauw (1996), Angrist and Lavy (1999) and Lavy (1998) are recent examples of the application of the

regression discontinuity method in economics.



which were not admitted to the program.* Treated schools differed considerably in pre-program
characteristics and outcomes from other Isragli schools, but were similar to other unselected applicants.
To control for remaining observed and unobserved permanent differences between the treated and
comparison schools, panel data on schools are used to estimate school fixed effect models.

The data used in the study include characteristics and scholastic achievements of all high-school
graduatesin Isragl in 1993-97. The data are a pand at the school level. The teachers’ monetary incentives
are afunction of the achievements of studentsin their fina year of high school and of the dropout rate at all
high-school grades. Panel data on students were used in order to determine the dropout rate at each grade.

The paper is organized as follows. Following a description of the two programs and the Isragli high
school scholastic achievement data (Section I1), Section |11 presents a simple graphical presentation of the
identification strategy of the incentive program. Section IV describes the statistical model used for inference
for both programs. Section V presents the main results for the two intervention strategies, and Section VI
presents a cost-benefit comparison of the two policy dternatives. Section VII concludes. The results suggest
that teachers' monetary incentives had some effect in the first year of implementation (mainly in religious
schools), it caused significant gains in many dimensions of students’ outcomes in the second year (in
religious and non-religious schools alike). However, endowing schools with more conventional resources,
such as additional teaching time and on-the-job teacher training, also led to significant improvement in
student performance. The comparison based on cost-equivalency suggests that the teachers incentive

intervention is much more cost effective.

[I. Thelnterventionsand the Data

The two intervention strategies were designed to improve the performance of high-school graduatesin their

* There is no overlap between the four groups — the two treatment groups and the two contorl groups.
4



matricul ation exams and to reduce dropout rates at different grades in high school.> The post-primary state
school system in Isragl has two types of secondary school: the first, called ‘ secondary comprehensive

schooals, includes both the middle- and high school grades (grades 7-12); the second includes only high-

school grades (10-12). About 65 percent of all high-school students are enrolled in secondary
comprehensive schools. The incentives project was targeted exclusively at these secondary comprehensive
schools, while the resources project included both types of school.

Towards the end of the last year of high-school students sit for exams in various subjects, some
compulsory and some elective. In the 11th grade students choose one of three difficulty levels of study in
each subject, each awarding a different number of credit units: 3, 4 and 5. Choosing level 4 or 5 (credit
units) in agiven subject earns a bonus of 12.5% or 25%, respectively, in the test score of the matriculation
exam in that subject. A minimum of 22 credit units is required to qualify for a matriculation certificate,
which is a necessary though not sufficient requirement for admission to university.® About 42% of all 1997

high-school graduates received a matriculation certificate.

The teachers' incentive intervention

In February 1995 Isragl’ s Ministry of Education announced a new experimental competition that would
reward teachers and schools with monetary bonuses based on their students’ performance.” The objectives
of the program were to reduce dropout rates in secondary schools and improve scholastic achievements.

The achievement measures specified were: the average number of credit units per student, the proportion

® The matriculation certificate is similar to the Baccaauréate in France and to the “Certificate of Maturity”
(Reifezeugnis) in Germany.

® A weighted average of al the matriculation test scores and the score in a psychometric test serve as admission
criteria by universitiesin Israd.

" Details are provided in a publication of the Chief Scientist of the Ministry of Education, The Differential
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of students taking the matriculation track,® the proportion of students receiving a matriculation certificate,
and the school’ s dropout rate.

Sixty-two schools were selected to the program, with a few more added later. The condition for
selection was that the school should be the only one of its kind in its community, and that it be a secondary
comprehensive school. In principle, al the Hebrew system school s that met these criteria should have been
included in the project, but in practice some eligible schools in the religious Hebrew education system and
in the Arab education system were excluded, leaving only the Hebrew secular schools where this rule was
strictly implemented. Participating schools competed for a total of about $1.44m in awards in 1996.
Schools were ranked each year according to their improvement in the various performance measures,
relative to an expected base predicted from regressions controlling for the socio-economic background of
the student body. Only the top third performers gained awards. The distribution of cash incentives among
award-winning schools was determined according to their ranking in terms of relative improvement (in
1996 the highest scoring school won $105,000 and the lowest award was $13,250). 75% of the award was
distributed among the teachers (proportionaly to their grossincome) as a saary bonus; the remainder was
used to improve all-faculty facilities, such as teachers common rooms. In 1996 the highest bonus per
teacher was $715, and the lowest, $200 (the average starting annual salary of a high school teacher is
$20,000, the mean is $30,000). Although the program was only announced in the spring of 1995, teachers
received awards for the 1994/5 school year, mainly in order to enhance the credibility of the program and

draw teachers’ attention to the program.

Compensation: Principles for Allocation, 1995, Jerusalem, Isragl (Hebrew).

® There are two tracks in high school: the matriculation track and the technical track. The latter, offered only in
technical schools, leads to a high school completion certificate that is generally deemed inferior to the matriculation
certificate in the labor market and in post secondary schooling ingtitutions.
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Group performance incentives in economics

Formal economic theory usually justifies incentives to individuals on the grounds that it is the individual
who must be motivated to work. In practice, however, the most common explicit incentive contracts are
applied across groups of employees. The program evauated here belongs to the category of group
incentives, where the combined performance of a group determines the total incentive payment, whichis
divided among individuals regardless of individual performance. The most common types of group
incentives are profit-sharing and gains-sharing plans. The teachers incentive plan is atype of gains-sharing
plan: when a group meets or exceeds a predetermined target, all its members receive bonuses according
to the extent to which goals were exceeded.

There are severa reasons why group incentives might be no less (or even more) effective than
individua incentives. First, it is often the case that the contribution of an individual member cannot be
measured. Secondly, groups of employees often have better information about their constituent individuals
and their respective contributions, enabling the group to monitor members and encourage effort or other
appropriate behavior. Third, individuals who share a common goa are more likely to help each other and
exert greater effort when amember of the group is absent. On the other hand, standard free-rider arguments
cast serious doubt on whether group-based plans provide a sufficiently powerful incentive, especialy when
the group is quite large.’

The teachers' performance incentive program considered in this paper does not provide an answer to

the free-rider problem. However, since schools are relatively (at least in Isragl) small organizations,

° Despite the potential free-rider problem, however, group incentive plans are fairly widespread. One explanation is
that employees might be reluctant to harm co-workers by shirking on the job. In this case, guilt and social opprobrium
might motivate employees even if they do not face any direct financia consegquences of shirking (Kandd and Lazear,
1992).



teachers can effectively monitor each other for lack of effort or sub-standard performance.”® Also, many
teachers teach each student, so that cooperation and teamwork are natural in a school. On the other hand,
teamwork comes from cohesion, from perfect substitution or coordination among inputs but in schools
substitution between teachers is mostly imperfect (for example, the math teacher cannot teach language).
The influence of several teachers on each student makes it very difficult to measure individual teacher
performance while the performance of a group of teachers can be measured at low cost. In our example,
monitoring student performance adds no additional cost since the information is aready available as an
integral part of the system.

Another complicating factor is the multifaceted nature of teachers' effort in school, which may involve
moral hazard issues and strategic behavior on their part (Holmstrom and Milgrom, 1991). Teachers' tasks
in the program involve the improvement of several, sometimes-conflicting, performance measures. For
example, reducing the dropout rate may result in lower scores in cognitive achievement measures (and
qualifying for matriculation certificates) since students who are prevented from dropping out might be less
able academically. Another moot element in the program is that not al schools that demonstrate an
improvement in performance receive bonuses. This may discourage some schools, especially those with
less margin for improvement. For the same reason it may be difficult to achieve high improvement ratesin

consecutive years.

The ‘school resources program
In July 1994 the Isragli Ministry of Education announced another new experimental project based on

endowing schools with additional teaching time and teachers on-the-job training. This project had the same

1% Gaynor and Pauly (1990) provide empirical evidence suggesting that group incentives are more effcieint the smaller
the group.



objectives as the incentive project. Schools enjoyed complete freedom in designing their intervention; the
Ministry intended to identify the successful programs and apply them in other schools. About 70 secondary
schools applied to participate in this program. Each applicant submitted a proposal detailing the specific
uses to which the additiona resourceswould be put. A Ministeria steering committee reviewed and ranked
the applicants, finally selecting 25 schools, but only 22 schools ultimately participated in the program.

Hebrew religious and non-religious schools and Arab schools were selected according to their proportion
in the population of schools. Schools used the additiona resources to add teaching time, to split classesinto
smaller study groups, to provide extra coaching for weak students and to arrange marathon sessions of
intensive preparation for the matriculation exams. Ministry of Education experts provided on-the-job
teacher training focused on handling (academic) class heterogeneity. The project started in September 1995
and ended three years later. Each school received a voucher of weekly hours of teachers' time (50 hours
for large schools and 30 hours for smaller schools) and about 8 hours a month of teacher training (on the
school premises). 50 teaching hours is equivalent to 2.5 additional full time teachers, which is about 3
percent of the mean number of teachers per school in Isragl. Thetota annual cost of the program was about

$1.15 million.

The data

The Ministry of Education provided the data for this study. The data are for the three years preceding the
two programs, 1993-95, and for the two full years of implementation, 1996 and 1997. The micro student
filesincluded information on achievement measures and student characteristics (gender, parental schooling,
family size, immigration status). A student identification number allowed determination of the dropout rate
from grades 9 to 12. The school data file included information on schools (size, number of teachers,

boarding school facilities) and teachers’ characteristics (age, experience, education) in the last year of both



programs (1997). School ID numbers were used to match and merge school files with student files. Whereas
the teachers incentives program included 62 schools (37 non-religious, 18 religious and 7 Arab schools),
the school resources program included 22 schools (13 non-religious schools, 4 religious schools and 5

Arab schools). Thereis about 320 high school in Israel, of which 170 are comprehensive high schools.

[11. A Graphical Presentation of the Identification Strategy

The idedl strategy for evaluating the effect of the teachers performance incentives intervention (or any
similar intervention) would involve the random assignment of pupilsto either treatment or control groups,
with those in the treatment group being taught by teachers who stand to benefit from performance bonuses.
Random assignment insures that pupils in the control group are indeed comparable to pupils in the treatment
group, so that any post-experiment difference between pupils in the two groups could be confidently
atributed to the intervention. In the absence of random assignment, statistical methods must be used to
control for differences between pupilsin treated and non-treated schools.

Table 1, panel A, columns 1 and 4, present the mean of achievement measures and students’ and school
characteritics of the treated and all the non-treated non-religious secondary comprehensive schools in
Israel. Clearly, the two samples differ considerably in al dimensions of outcomes and characteristics. For
example, the mean average score in the treated schools (line 3) is 73 and in al other schoolsit isover 78.
Thet test for the equality of meansis 14.9 (column 5), indicating that they are different at conventiond level
of significance. Large and significant differences are also evident in student characteristics. These
differences suggest that the student body in treated schools comes from alower socio-economic background
(lower parental schooling, larger family size). The comparison of means also indicates that the treated
schools are smaller and have younger teachers who have less experience and education. It could also be

that the two groups differ in other, unmeasured dimensions, which render the comparison of the two groups
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useless for evaluation.

However, there might be a subgroup of schools that could be an appropriate comparison group for
identifying the effect of the intervention. The selection rules into the teachers performance incentives
project suggest a natural way to select such a conparison group. Two ruleswere used to select participants:
First, the school must be the only one of its kind in the community. Four types of schools were considered:
secular Hebrew secondary schools, boys’ and girls' religious secondary schools, and Arab secondary
schools. The distribution of the number of schools in the community of each of these four types of schools
was used to select potential schools for treatment, namely, those of which there is only one in the
community. The second rule, being a comprehensive secondary school, was then applied to the potential
list of schools. Therefore, a school was selected to the program if it was a secondary comprehensive school
and the only one of its kind in its community, but not if it was one of two or more schools of itskind in the
community.

It is useful to present the rationale of this identification strategy graphically. Figures 1-6 present the
1993 and 1994 pre-program averages of all achievement measures for the distribution of schools by the
number of school aternativesin the community (for all secular schools). The horizontal axis measures the
number of schoolsin the community, starting from one school in the community, then two, and then averages
for the following groups: 3-4, 5-6, 7-8, 9-10 and 11+ schools in the community.

All the figures show that the mean achievement increases with the number of schools in the community
(in some of the achievement measures the trend assumes a monotonic step function). This trend probably
reflects the correlation between the size of the locality and variables that affect school quality, such as
family and community wealth or parental education, aswell as the effect of the level of competition among
schools on school quality (assuming that the level of competition increases with the number of schoolsin

the locality). We aso observe in dl figures that the mean achievements of the one-school-per-community
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group are higher than those of the two-schools-per-community group. However, when only secondary
comprehensive schools are included (the second admission rule used for selection to the program), the
differences between them vanish amost completely. These results are seen in Figures 1-6, where T denotes
the treated schools and C denotes the comprehensive schools, which are part of the two-schools-per-
community group

Column 2 in Table 1 presents the means of the comprehensive schools that comprise the group of two
schools per community, which should be compared to column 1. The striking similarity between the two
groups adjacent to the cutoff point suggests that it is appropriate to choose the group of secondary
comprehensive two-schools-per-community group as a comparison group for identification. This
identification strategy can be viewed as a natural experiment or as an example of treatment being
determined by a known discontinuous function of an observed covariate (the number of schools in the
community). Campbell (1969) was first to consider the later strategy, denoting it as a regression
discontinuity (RD) design. Angrist and Lavy (1999) formulated the RD design in terms of an instrumental
variable estimation, an approach also applied in Lavy (1998), and, in a different version, by van der
Klaauw (1996). In the current application there is only one point of discontinuity, or only one threshold
value: the one between belonging to the group of one or two schools per community. Therefore it is
appropriate and sufficient to use only the discontinuity sample, namely those schools who are nearest to the
threshold or the point of discontinuity, without having to extrapolate and use the whole distribution of
schools. The question that arise in this regard is why not use all the schools in the data for estimation,
perhaps select a matched sample based on observables and even control for the number of schoolsin the
locality. The argument against this identification strategy isthat the very large differences in abservables
between the treated schools and al other schools may suggest also large differences in unobservables. The

potential correlation between treatment and unobservables makes a strong case for preferring the natural
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experiment for identification and therefore choosing schools in smal towns as a comparison group and then
perhaps match on observables.

Figure 1 can be used to illustrate this identification strategy in greater detail. Forty-one secular
secondary schools are single schools in the community. The mean number of credit units in these schools
is not equal to the mean of the two-schools-per-community group. Of the 41 one-school group, al the 37
secondary comprehensive schools were selected to the program. Of the 18 secondary schools in two-
schools group, only 8 are comprehensive schools. Comparing the first group’ s 37 treated schools with the
second group’ s 8 schools reveals striking similarities in mean achievement: the mean of credit unitsis
almost identical (19.3), compared with 21.9 for al non-treated Hebrew secular secondary comprehensive
schoolsin Isragl. The similarity between these two *adjacent’ groups of schools is replicated in all the
other achievement measures. The t tests of the means (Table 1) indicate that for al the six achievement
measures the differences between the means of the two groups are barely significantly different from zero
even though the sample is very large. This stands in sharp contrast to the t-test statistics for equality of
means between the treated one-school group and al other non-treated schools (column 5).

The middie panel of Table 1 compares the mean demographic characteristics of the students in the two
groups of schools: mother’ s and father’ s years of schooling, gender and immigration status. There are some
small but significant differences, particularly with respect to differences between the treated schools and
al other schools in the country. For example, the difference between mother’ s and father’ s schooling
between the one- and two-school groupsis less than half a year; the percentage of immigrant and female
studentsis almost identical. Similarities between the two groups are aso evident in school characteristics
(school size, number of teachers) and in teachers characteristics (age, experience, and education).

Using the 1993 instead of the 1994 data leaves this result unchanged: the group of treated ‘single

schoolsisamost identical in achievement measures to the group of untreated ‘two' schools (Figures 1-6)
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in the community. Likewise with regard to student and school characteristics. The stability of the pattern
in both pre-treatment years may be an indication that these similarities are permanent, enhancing the
credibility of the identification model. These similarities can also be viewed as a reasonable justification

for adifferences in differences estimation method to which | turn next.

Differences-in-differences estimates

Figures 7a-7f provide the basis for smple differences-in-differences (DID) estimates of the effect of the
teachers' incentive program (non-religious schools) on the various measures of achievement. For example,
the 1994 averages of the treatment and control groups can be compared to the post-program averages of the
two groups. Using the 1994 (pre-program — solid lines) and the 1997 (post-program — dotted lines)
averages, these figures contrast the pre and the post means of both groups for the six achievement measures.
The differences between the solid and the dotted lines represent the absolute change in achievement. The
differences in these absolute changes for both groups are the DID point estimates of the average treatment
effect of the program. Contrasting the 1996 with the 1994 means yields DID estimates that are practically
zero for most achievement measures and therefore they are not presented in the figures.

The 1997 DID estimates are positive for all achievement measures except for the proportion of pupils
who earned matriculation certificates.™ For example, the change in the mean number of credit unitsis 1 for
the treated and 0.6 for the control schools. The difference between these two changesis 0.4 units. The mean
change in the average matriculation score is about 1 point for treated schools and 0.05 points for control
schools, the DID estimate is 0.95 points. The DID estimate for units of science creditsis 0.15 and for the
proportion of pupils taking matriculation exams — 0.02. However, all these estimates are not precise.

Furthermore, since the means compared are for different cohorts of students, the change estimated may

The proportion of pupils who earned matriculation certificatesis unconditional on their having taken the exam.™
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merely reflect student compositional change. The next section presents the methodology that allows usto
study the DID estimates net of potential compositional change and of the effect of unobserved school

heterogeneity, using a panel of micro student-level data

Treated Hebrew religious schools

The sample of treated Hebrew religious schools belongs to the one-school -per-community group, but the
data include many other schools that belong to the same category but were not included in the incentives
program (14 Hebrew religious schools). While Ministry of Education officials argue that all the schools
that satisfied this condition in 1995 were included in the program, it could very well be that the Ministry
failed to classfy these other schools properly as belonging to the one-school -per-community category. This
bureaucratic error raises the possibility that the group of ‘ misclassified’ schoolsis anatural comparison
group for the identification of the treatment effect of the teachers performance incentives in Hebrew
religious schools.

Figures 8-14 present the 1993 and 1994 pre-program averages of all achievement measures for the
distribution of schools by number of school aternatives in the community in the Hebrew religious school
system. The scale starts from one school in the community, then two schools, and then averages for the
following groups. 3-4, 5-6, 7-8, 9 and more schools in the community. Again we observe that mean
achievement increases with the number of schools in the community, though the shape of the step function
is not as monotonic as in Figures 1-6, probably due to the small number of schoolsin each cell. It isalso
seen in all figures that mean achievements in treated schools are lower than the means of the non-treated
one-school-per-community group (and aso of the two-school s-per-community).

Panel B of Table 1 presents the means of the religious schools. Column 1 presents the means for the

treated schools. Column 2 presents the means of the comprehensive schools forming the group of untreated
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one-school -per-community, which should be compared to column 1. The meansin column 2 are much more
similar to those of column 1 than the means in column 4, suggesting that the group of untreated secondary

comprehensive one- school-per-community is a more appropriate comparison group for identification.

V. Measurement Framework

Figures (7a-7f) suggest a clear and positive relationship between the exposure of teachers to performance
incentives and post-program students’ achievement in the second year of the program. This evidence is
based on a comparison of post-treatment outcomesin participating schools and the natura experiment (RD)
comparison schools. Based on the very similar means of the pre-treatment achievement measures and
characteristics, the maintained assumption was that the two groups of schools are identical in all pre-
treatment measures. However, since pre- and post-treatment school-level panel data are available, we can
extend the ssimple model to include school fixed effects that will account for any remaining permanent
differences, observed and unobserved, between the two groups.

This extension is smply an application of a model used in numerous evauation studies (e.g.,
Ashenfelter, 1978; Ashenfdter and Card, 1985; Card and Sullivan, 1988), which is based on the assumption
that, in the absence of actua treatment, any differences between treatment and comparison schools are fixed
over time. In this case, repeated observations of schools, though their constituent students change every
year, can be used to account for any remaining differences between the two groups.

Let Dig be a dummy variable that indicates treatment status and let Y;s(0) denote the potential
achievement score of any pupil inschool s at time t if hisor her school was not exposed to the treatment.
The fixed-effects model implies that in the absence of the intervention the potential achievement score of

pupil i inschool s (treated and comparison schools) at time t (1993 through 1997) can be written as
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Yist(0) = Xis'b+fs+d + &g, (1)

where g isatime-varying error term and f ¢ is a school-specific intercept. e can be correlated with f ¢
but it is assumed to be independent of the treatment status D;g. Theterm d isaperiod effect commonto al
pupils and schools. Thus, while pupilsin the treated schools may till have higher or lower pre-treatment
achievement measures than pupilsin the control schools, this difference is assumed to stem from differences
in family background and school characteristics (Xis) or from unmeasured school characteristics (f ) that
can be viewed as permanent and that have time-invariant effects on test scores.

Starting with asimple model that also has a constant treatment effect, treated pupils are assumed to have

achievements measures equal to Yig(0) plus the treatment effect:

Yis(1) =VYi«(0) +a . (2)

Equations (1) and (2) can therefore be used to write the observed achievement score of pupil i in school

satimet as

Yist = Yis(0)[1- Dig] + Yist(1)Dist = X¢sb +fs+di +aDig + €4, (3

where g4 isthe error term in (1), assumed to be uncorrelated with Dig. Note that Dig in (3) isan
interaction term equa to the product of a dummy indicating observations after 1994 and a dummy indicating
treated schools. In this model, simple post-treatment comparisons of test scores by treatment status do not
estimate the causal effect of treatment because the time-invariant characteristics of schoolsin the treatment
and control groups differ. However, we can use the panel datato estimate f and obtain a consistent
estimate of the program effect. This estimate is basically the difference in differences estimators computed

in a regression of stacked students (micro data) for schools and years, when a vector of students’
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characteristicsis added to the regression.”

The evidence in Table 1 indicates that there are still some differences between pupils in the two groups:
pupils in the trestment schools have lower pre-treatment achievement measures, on average, than pupilsin
the control schools. The above modd controls for these pre-treatment differences by assuming that they are
fixed at the school level and subtracts them from the post-treatment difference in scores. This assumption
seems appropriate given the stability of the differences as seen in the two years prior to treatment.
However, instead of relying solely on this model, a matching strategy can be used to non-parametrically
control for any remaining average pre-trestment achievement differences (see, e.g., Heckman, Ichimura, and
Todd, 1997). The matching can be based on propensity score analysis (see, e.g., Dehgjia and Wahba, 1998)
or on school characteristics (see, e.g., Angrist and Lavy, 1998, and Angrist, 1998). In this paper, since the
number of schoolsin each group is smal, the matching is accomplished by limiting the sample to treatment
and control schools where school-level average test scores are similar in the two groups. Thisis useful
if there is something specia about the treatment schools (“ random school effects”) that cannot be captured
by the RD design and the estimated school fixed effects.

The school fixed effect models assume that the differences between treastment and control schools are
permanent. If some of the differences are temporary, owing to transitory shocks, the fixed effect estimates
will be biased. Two comments should be made in this regard. First, we have seen that the similarities
between treatment and control schools hold for each of the two years prior to treatment, 1993 and 1994.
Second, the effect of the two programs is evaluated over two or three years of implementation, which

reduces the possibility of a‘regression to the mean’ effect.

12 This statistical mode! is identical to the one used by Card (1990) in his study on the effect of the Mariel boatlift on
employment in Miami.
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| dentifying the effect of school resources
Evaluating the effect of the school resources program is based on using applicants who were not admitted
to the project as a comparison group. Such a comparison controls for differences between participating and
non-participating schools that originate in the decision to apply to the program, but does not control for most
of the criteria used by the authorities when choosing which of the applicant schools to accept. As shown
in the following section, the applicants are much more similar to the treated schools than to all the other
schools, but there are still some remaining differences in measures of achievements and characteristics.
Again, using the panel data on schools to estimate equation (3) will account for these and other
(unobserved) differences, as long as they are permanent. Assuming that the treatment status among
applicants can be ignored, conditional on the set of observed students covariates and the school fixed
effects, this comparison will yield a consistent estimate of the program s effect on the treated students.
Asinthe case of the teachers’ incentives intervention, a non-parametric school matching strategy can
be used to achieve even better pre-treatment observables equivalency between the two groups. The
approach is similar to Angrist (1998) who used a matched sample from applicants to the military who did
not servein the army as a comparison group vis-&-vis applicants who did serve in he military.® Asin the
previous intervention, each of the treated schools is matched to an untreated applicant with the same 1994
proportion of pupils who received matriculation certificates. This matching controls for pre-program
temporary shocks leading to transitory differences between schools that influenced participation in the
project. Using two years (1993 and 1994) instead of one as a base for the estimation of the school fixed

effects should help to eliminate the temporary from the permanent differences between schools.

13 Angrist (1998) actually matchesindividual applicants to the military to veterans, based on individual charactersitics;
here | match applicant schools to treated schools like in Angrist and Lavy (1998).
19



V. Empirical Results

a Theteachers' incentives intervention

Tables 2 and 3 present the estimated treatment effect for secular and religious Hebrew schools,
respectively, in 1996 and 1997. For each year three different panel data sets were used to allow for school
fixed effect estimation. Thefirst line in each panel presents the results from a panel that includes the two
pre-treatment years and one treatment year, 1996 or 1997. The second and third linesin each pand present
the results when only one pre-treatment year was included, 1993 or 1994.

Thefirst rowsin panels A and B in Table 2 suggest that intervention in the form of teachers' incentives
had a positive and significant effect on student outcomes in the second year of the program, but only a minor
effect in the first year. The evidence is relatively robust with respect to which year is used as the pre-
treatment period. The estimated effectsin the second year are positive and significantly different from zero
on all achievement measures except for the proportion of pupils who earned matriculation certificates.
Focusing on the model that uses both pre-treatment years as a base (the first row in panels A and B in the
table), the program in 1997 is seen to have increased average credits by 0.70 units (SE = 0.34), science
credits by 0.41 units (SE = 0.15), average score by 1.75 points (SE = 0.85), and the proportion of students
sitting for the matriculation exams by 2.1 percent (SE = 0.013).% The estimated effect on the proportion of
students earning a matriculation certificate is essentially zero.

The same model was estimated with a sample that included only matched schools. | adopt a heuristic
matching strategy since there are several measures of achievement and only afew schools to match. Each
of the eight control schools was matched to a treated school with the same 1994 average matriculation

certificate-passing rate. As aresult, only 8 of the 37 treated schools (and all the 8 control schools) now

14 The standard errors for the regressions estimates reported in all the tables in the paper are corrected for school-level
clusetring using equation (1) in Moulton (1986).
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appear in the anaysis. Naturally, the two samples become even more smilar in achievement and
characteristics. The 1997 matching results (the even columnsin Table 2) are qualitatively very similar to
those obtained with the full regression discontinuity sample. The effect of the program on science credits
units and average scoresis somewhat stronger in the matched sample. Using the matched sample improves
the results regarding the effect of the program on the proportion of pupils entitled to a matriculation
certificate: this effect is estimated as .028 with a standard error of .022.

Using 1994 or 1993 as abase in the pand sample instead of both years together leads to some variations
in the results, suggesting that there is some sensitivity to the choice of the base year, but the differencesin
the estimated effects are not dramatic. Since there are random or transitory school effects that may lead to
an effect of convergence to the mean in the following year, it is better to use more than one year as a base
period.

Theresults for religious schools show that the program had a significant positive effect on al measures
and in both years of the program. Minor differences in the size of the estimated effects are observed
between the full and the matched samples, but overall the two sets of samples and the two years yield
consistent estimates. The relatively minor sensitivity to which year is used as base year is also evident in
the religious schools results. The effect of the program on the number of science credit unitsis much smaller
and less precisaly estimated in the religious schools sample compared to the secular schools sample. This
IS not surprising, given that religious schools, on average, place less emphasis on science subjects.

The effect of the program in the religious schools is larger then in the secular schools. Using for
comparison the results obtained from the RD sample and 1993 and 1994 as base year, the absolute effects
can be expressed as aratio of the meansin the sample. The respective ratios for the religious and secular
samples are 6.3% versus 3% for credit units; 4.1% versus 2.4% for the average score; 12.4% versus 4.2%

for the proportion of pupils taking the matriculation exams.
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Which students benefited from the program?

The results presented above suggest that the mean number of credit units and the average score increased
but that the proportion of students of qualified for the matriculation certificate did not change on average.
These two pieces of evidence can be consistent with each other under two scenarios. The first is that the
treatment effect is mainly on good students who would have qualified for matriculation regardless of the
program. The second scenario isthat the main effect of the program is on weak students who are still far,
in terms of number of units and average score, from the threshold of gaining matriculation. A ssmple way
to trace the composition of students who were affected by the program isto add to the model interaction
terms of the treatment variable with the demographic variables. In al the models presented above, these
variables (father and mother schooling and family size) had very large and significant effects on all the
outcome mesasures. |t is clear from these results that the low end of the distribution of students, in terms of
outcomes, is characterized by low level of parental schooling and large family size.

Table 4 presents results for 1997, for secular and religious schools, from models that included treatment
interactions with father and mother schooling and with the number of children in the family. The results
clearly suggest that the treatment effect in al the five outcome measures decline with al the three
demographic variables, especialy with mother's schooling. The coefficient on the interaction with mother's
schooling is significantly different from zero in al five cases, in the secular and religious samples. Two
important conclusions can be based on Table 4. First, the teachers incentives program affected mainly the
weak students. at the sample mean of mother's schooling the net program effect is amost zero. Second, the
intervention led to an increase in the rate of students who achieved the matriculation certificate among
students from poor socio-economic background even though on average it did not have any effect on this

rate.
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The estimated effects on dropout rates
The incentives program aimed at reducing dropout rates as well. The program focused relatively more on
reducing the dropout rate in the transition from 9th to 10th grade. This transition involves the graduation
from middle school and enrollment in an upper secondary school. However, | will aso report below results
from estimating the program effect on dropout rate from 10th or 11th grade and from 11th to 12 grades.
To evaluate whether the intervention had any significant effect on high school dropout rate, | estimated
probit models with school fixed effects, smilar to the models discussed above. The dependent variable was
an indicator of whether the pupil dropped or continued schooling in any school in the country. | will first
report estimates of the program effect on the school continuation rate from 9th to 10th grade. Since data on
Oth grade students is available only from 1994 on, all the models reported below are estimated using 1994
asthe pre-treatment base year. The 1996 secular school sample included 7,795 pupils who completed Sth
grade. The respective sample sizein 1997 is 5511 pupils. The mean dropout ratein 1996 is 6.0 and in 1997
it is5.5 percent. The religious schools 9th sample included 3,157 pupilsin 1996 and 2,290 pupilsin 1997.
The mean dropout rate in 1996 is 3.7 and in 1997 it is 3.2 percent. Table 5, columns 1-4, presents the
estimated effects of the incentive intervention on dropout rates a 9th grade. The effects are negative and
relatively precisely estimated, especialy in the secular schools sample. Like the results presented above
for the effect of the teachers incentive intervention on scholastic achievements, the estimated effect on
dropout rate isimproved in the second year of the program (1997) compared to its effect in the first year
(1996). For example, the estimated program effect in column (1) of Table 5is-.253 (s.e =.123) in 1996
and -.600 (s.e=.159) in 1997. The estimated effects are larger and with smaller standard errors when the
matched samples are used. In the religious school s the estimated effects are negative but they are precisely

measured only when the matched sample is used. These estimated effects are even larger then their
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counterparts obtained from the secular matched sample (column 2 versus column 4 in Table 5).

Columns 5-8 present the estimated program effect on the continuation rate from 10th and 11th grade. The
probit regressions were estimated using a pooled sample of pupils from these two grades. The 1996 secular
school sample included 30,784 pupils who completed 10th or 11th grade. The respective sample size in
1997 is 31,296 pupils. The mean dropout rate in 1996 is6.2 and in 1997 it is 4.8. The religious schools
10" to 12th grade sample included 10,328 pupils in 1996 and 10,634 pupilsin 1997. The mean dropout
rates for these two years are 4.0% and 2.7%, respectively. A dummy variableis used in the regressions to
distinguish the 10th graders from the 11th gradersin the sample.

The estimated effects the incentive intervention on dropout rates are negative but very imprecisely
estimated (Table 5, columns 5-8), especially in the religious schools sample. The estimated effect is not
improved in the second year of the program (1997). These evidence suggest that the main effect of the
program on drop out ratesis on continuation rates from the last year of middle school (Sth grade) to the first

year of high school (10th).

Characterization of ‘winning’ schools

Although the teachers’ incentive program was introduced to teachers and principals in the treated school
only in middle of the 1994/95 school year, bonuses were given for this year as well, mainly in order to
publicize the program and enhance its credibility. Eighteen schools received bonuses for this year (11 of
the 37 participating secular schools and 8 of the 19 participating religious schools). In the full two years
of the project, 1995/96 and 1996/97, 13 and 17 secular schools received bonuses, respectively. The number

of award winning religious schools remained 8 in both years. It should be noted that the religious and the

®Data for high school students is also availble for 1993. Using this data to add 1993 as pre-treatment base year in
the estimated models did not change the results in any signinficant way.
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non-religious schools were pooled together for determining the ranking of schools that served to determine
the best performers who won financial bonuses.

Seventeen of the 56 participating Hebrew schools did not win an award in any of the three years.
Nineteen schools won once, 9 won twice and 8 won in al three years. Lazear and Rosen (1981) analyzed
compensation schemes which pay according to an individual's ordinal rank in atournament rather than his
output level. In such atournament model with symmetric information, risk neutrality and equa abilities of
individuals (schools), al individuals should make the same effort and the outcome is a random event,
namely the probability of winning is equal to the proportion of schoolswho receive prizes. In our case this
proportion is athird and therefore the probability of winning twicein arow is0.11. Focusing on the two
years in which the intervention could have had a causal effect (1996 and 1997), namely in the yearsin
which schools and teachers were fully aware in advance of the competition, 14 of the 53 Jewish school who
participated won twice. This proportion, 0.28, is much higher then 0.11 predicted from the above mode.
These results suggest that there is something systematic and not random that generates the results.*® More
information pointing to this same direction can be derived by comparing the proportion of schoolswho won
both in 1995 (no intervention but prizes distributed) and 1996 (first year of treatment) to the proportion of
schools winning in 1996 and 1997. We expect the proportion of winnersin both 1995 and 1996 to be much
smaller than the proportion of winnersin both 1996 and 1997. Focusing only on the secular schools who
had ardatively large sample of participants, 4 of the 36 schools (11 percent) won in 1995 and 1996 while
9 of the 36 schools (25 percent) won both in 1996 and 1997.

Comparison of award-winning schoolsin 1996 or in 1997 to the non-winning schools in each of these

1 Some schools may decide in the beginning of the tournament that their chances of winning is nill and therefore they
make no real effort. In such a case the "actual number of participants’ is actually smaller and therefore the number
of winnersis from a smaller number of players. This kind of behavior can be an alternative explanation of the high
proportion of schools that won twice in arow.
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years suggests that they do not differ in any of their pre-treatment, 1993 or 1994, characteristics. The
students' scholastic achievements in the two groups (winners and non-winners) are about the same, in 1993
and 1994. Similarly for students' characteristics (parental education, family size and percent male and
immigrants students) and school characteristics (school size, number of teachers, boarding school). No

differencesin the 1997 teachers characteristics emerge from this comparison as well.

b. The school resources intervention
The school resources program included much fewer schools than the incentives program. Only four
religious schools were included in the former program. One of these schools had to be excluded from the
sample because of missing data for some of the students’ variables leaving too few treated religious schools
for ameaningful evaluation. Therefore the resources intervention is evaluated here only for non-religious
schools. Table 6 presents the means of measures of achievement and characteristics of students and schools
included in the treated non-religious schools (column 1). Also included in the table is the same information
for al other applicants to the program (column 2) and a matched sample from this group (column 4).
Overadll, students from non-treated applicant schools show higher achievements than students in treated
schools. These differences, though significantly different from zero in most cases, are not very large in
absolute terms. However, in order to eliminate these differences as well, a matched sample was chosen for
comparison: to each of the treated schools I matched one of the not-treated applicants who had the same
school average 1994 proportion of pupils who received the matriculation certificate. As aresult, the gap
between the means presented in columns 1 and 4 are smaller than those presented in columns 1 and 2,
although some differences remain.

Table 7 presents the estimated coefficients of the resources intervention in secular schools. The odd

columns report results from the full set of applicants and the even columns — those from the matched
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sample. Thefirst three rowsin parts A, B and C of the table present results of variation in the years used
as the pre-treatment base period. The estimated effects of the program in its first year are minor, being
positive and significantly different from zero only in the regressions of credit units and average score. The
estimated effects for the second and third year of implementation are more impressive, being positive and
sgnificantly different from zero for achievement measures, except for the proportion of students who earned
matriculation certificates. The sengitivity of the results to the years chosen as a base period is similar to
the one revealed in the incentives' intervention (Table 2).

The applicant schools were screened and a group of 32 schools out of the 70 applicants were
recommended for a second review and final selection. These 32 schools presented their program to a
committee that ranked them in terms of quality®’. This list of recommended schools could be used as a
control group instead of all the applicants. Table 8 presents the results obtained when the non-treated
recommended schools was used as a control group instead of all the gpplicants. Focusing again on the 1997
results for comparison suggests that the use of the recommended schools as a comparison group leads to
higher treatment effects: 2.266 versus 1.066 for credit units, 5.338 versus 2.897 for average score, .088
versus .084 for the proportion of students taking the matriculation exams and .027 versus -.002 for the
proportion of pupils who earned the matriculation certificate.

The question of which students benefited from the intervention is also relevant in the resources project.
Table 9 presents estimation models that included interaction of the treatment variable with the student
demographic variables. In al cases the interaction terms of treatment with parental schooling are negative,
but in most cases they are not significantly different from zero. However, the interaction with family size

IS negative also, and in most casesit is large and significantly different from zero. The negative sign of this

1 Actually, four commitees reviewed 8 schools each and ranked them separately. The ranking of one of these groups
is lost, rendering the ranking data usesless for analysis.
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variable indicate that the treatment effect is larger for students who come form small families, a status
highly correlated with low income and with low educationa achievement measures. This result suggest that
the resources program, unlike the teachers incentive program, had most of its effect on the better students,
those who are above average in their performance measures.

The effect of the resources program on dropout out rates is presented in Tablel0, columns 5-8. The
estimated effects on dropout rates from 10" or 11™ grade are all negative but they are very imprecisely
estimated. Only in the 1997 sample of applicant schools that were recommended to the program the
treatment effect estimates are significantly different from zero at the 5% level of significance. The 1997

estimate i -0.199 (SE=0.087).

V1. The Relative Cost-Effectiveness of the Two I nterventions

A comparison between the 37 secular schoolsincluded in the teachers incentive project and the 13 secular
schools included in the resources project reveals that both groups are very similar in pre-treatment
achievement measures and characteristics. Comparing column 1 in Table 1 with column 1in Table 5 points
to striking similarities. For example, the mean number of credit unitsin the first group is 19.2 and in the
second it is 19.3. The respective figures for average scores are 74.7 and 73, and for matriculation
certificates — 0.48 and 0.47. Even the mean dropout rates are identical: 6 percent. Student characteristics
are also very similar, especially with respect to parental schooling. Similar results are obtained from a
comparison of the school and teachers characteristics of the two groups. All these similarities, which are

purely coincidental, make the comparison of the two intervention alternatives more meaningful .*®

18 The comparison of the effects of the the two interventions requires that the two comparison groups also be similar
in pre-treatment characteristics. Comparing columns 2 in Tables 1 and 5 reveals differences between the two groups
but they are not very large. But comparing the matched comparison group in Table 5, column 4, to the comparison
group presented in Table 1, column 2, suggests that the two groups are more similar.
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The relevant comparison between these two policy optionsis the one based on cost equivalence. The
total cost of the teachers' incentives program in 1996 was higher: $1.44 million annually versus $1.13
million annualy for the school resources program. However, the incentives program affected almost triple
the number of schools than did the resources program (62 versus 22 schools). Therefore, the cost per school
of the resources program ($51,600) was more than double the average cost per school in the incentives
program ($23,300). To determine which of the two programs was more efficient, the gap in the cost per
school should be weighed against the difference in the effect of the two programs on output.

A comparison of the resultsin Tables 2 and 5 suggests that in most of the achievement measures the
estimated effect of the resources program is greater than that of the incentives program, but this advantage
is not sufficient to offset the cost advantage of the incentives program. Focusing for smplicity of exposition
on the results for 1997, which are based on using 1993 and 1994 as base years, the resources program had
agreater effect in three of the four measures of achievement. These results are not sensitive to the use of
the full or matched samplesin the analysis. Using the full sample results, for illustration, the effect of the
resources program on credit unitsis 50 percent higher (1.16 versus 0.76). The gap is 40 percent on average
scores (2.9 versus 2.0) and 60 percent in the proportion of pupils sitting for matriculation exams (0.084
versus 0.031). All these differences are significantly different from zero at conventional levels of statistical
sgnificance. However, the incentives program had asignificant effect on the number of science credit units,
while no effect on this outcome is estimated for the resources intervention. Both programs had no effect on
the proportion of pupils who earned matriculation certificates.

Our results indicate that the resources program had on average a 50 percent higher effect on outcomes
than did the incentives program, but cost more than twice as much. Therefore, per marginal dollar spent,
the teachers' incentive intervention seems to be much more cost-effective. The analysis and result do not

change if the cost comparison is done on a per-student basis since the mean number of students in schools
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in the incentives project (1,076) issimilar to the size of schools in the resources project (1129). The above
cost-benefit analysisis valid under the assumption that the technology linking the interventions to output is
not the same for the two programs. If the same function, relating allocated money to outcome, could describe
the two programs then the above analysis will be valid only under the assumption of constant return to scale.
When there are decreasing returns to money allocated to school, then the observed pattern is possible even
in the case in which money allocated to incentives and resources is a perfect substitute. In this case amore
expensive program will have alower outcome per dollar spent, regardless of whether it is an incentives
or resources program. However, the assumption that the technology relating money to outcome is different
for the two programs seems more redistic in this case.

Severd other aspects of the two programs should aso be relevant for interpreting the results of the cost-
equivalency comparison. (a) The effects of the resources program could be felt already in its second year,
whereastheincentives' intervention had a very limited effect in itsfirst year, especidly in the non-religious
sample. But since the incentives program started a year later than the resources program, comparing its
results to those of the resources program in itsthird year is hardly fair. (b) The boost received by schools
through the resources program amounted to a significant increase in total school teaching resources (on
average more than two teachers per school), or about 1.3 percent of the average number of teaching staff
in the treated schools. On the other hand, the salary bonuses awarded to teachers were very small relative
to their annual income: the highest bonus per teacher was $715 and the lowest $200. Since average gross
annual income of teachersis $30,000, the maximum bonus is about 2.5% of annual income while the lowest

bonusis less than 1% of annual income.

VIl. Summary and Conclusions

Theidea of developing stronger performance incentives directly focused on students’ achievements has vast
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appeal, and is the subject of frequent discussion. But incentives have seldom been tried in practice, and
experiments with them are even more limited. Studies and analyses of the few available examples lack
many of the details crucial to judging their more general applicability. In this paper | present an evaluation
of the effect on students’ achievements of ateachers performance-based incentives program implemented
in Isradl in alarge number of schools. The program had the main elements of arank order tournament where
only the top third performers were awarded monetary bonuses. The rules of selection of schoolsinto the
program present an opportunity to base the identification strategy on a natural experiment. The results
suggest that the teachers performance incentives led to significant gains in four out of five achievement
measures of high school graduates, including average test scores and the number of science and other credit
units, and on the dropout rate from 9th to 10th grade. The program did not lead to an increase in the
proportion of students who qualified for matriculation certificates and to a decline in dropout rates. These
results were obtained for both parts of the Hebrew school system, religious and non-religious schools.
Since the program was implemented at schoolsin relatively small communities we should be cautiousin
extrapolating the results to other environments,

An dternative to the program based on incentives— more school resources, in the form of teaching time
and focusing on potential dropouts and weak students — also had a significant effect on students
achievements. This result should come as no surprise, since this program, too, encouraged the creativity
and effort needed to develop and implement effective interventions. This was done by giving schools
complete control over the additional resources and total freedom to shape its elements. Thisis afeature
common to both programs and perhapsiit is effective. However, a comparison based on cost equivalency
indicates that the teachers performance-based incentives program is more efficient.

The teachers' incentives program studied in this paper is only one of many possible variations. Little

is known about what forms of incentive systems are best in general or specific circumstances, nor about
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precisely what results might be expected from making wider use of any specific system. However, the
importance of the evaluation presented here liesin the fact that the power of incentives observed elsewhere
in the economy is also evident in schools, even in the case of relatively low performance bonuses.™ Finding
the best ways to structure incentives in schools, for teachers and students alike, should be based on more

experimentation and evaluation.

' The list of schools that win the tournament is announced every year bu the Minsiter of Education in a press
conference. The large media exposure that these schools receive folloeing the anouncment may compensate for
the low level of the monetary awards.
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