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Abstract

A growing body of evidence suggests that well-designed teacher performance pay systems
can improve student learning outcomes. However, education systems in developing countries
face a trade-off between more complex theoretically effective systems which are harder to
implement, and simpler systems which are easier to administer but theoretically less effective.
Given the limited research that directly compares different teacher performance pay systems,
we use a field experiment to compare the effectiveness of the pay for percentile system, which
can induce optimal effort among teachers, with a simple system that rewards teachers based on
student proficiency levels. Despite the theoretical advantages of the pay for percentile system,

we find the proficiency system is at least as effective in raising student learning.

1 Introduction

Developing countries invest considerable resources in the education sector. Tanzania spends
about 3.5 percent of GDP on education, which is slightly below the sub-saharan African average
of 4.5 percent (World Bank, 2013). Teacher compensation, including wages and other pecuniary
benefits, typically accounts for the majority of the education budget. For instance, teacher
compensation accounts for almost two-thirds of the Tanzanian budget, compared to 80 percent
in Uganda (UNICEF, 2016, and World Bank EDStats, 2016). Additionally, the average teacher
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in a sub-Saharan African country earns almost four times GDP per capita, compared to OECD
teachers who earn 1.3 times GDP per capita (OECD, 2017; World Bank, 2017). Despite the
relatively lucrative wages of teachers, the government has faced sustained pressure to increase
teacher pay, including a 2012 strike where the teachers union demanded a 100 percent increase
in pay (Reuters, 2012; PRI, 2013).

Given the low levels of student learning and high rates of teacher absenteeism in Tanzania
(Uwezo, 2014), which serves as proxy measure of teacher motivation, proponents argue that
increasing teacher pay will increase teacher motivation, which will in turn increase student
learning outcomes. However, a large body of evidence in both developing and developed coun-
tries has consistently shown that the correlation between teacher compensation and student
learning is extremely low (Kane, Rockoff, & Staiger, 2008; Bettinger & Long, 2010; Woessmann,
2011). In contrast, teacher performance pay programs could potentially be more effective as
they link teacher pay to student learning. However, there is mixed evidence on the efficacy
of these programs. A number of studies find that teacher performance pay leads to increases
in student learning (Glewwe, Ilias, & Kremer, 2010; Lavy, 2002, 2009; Muralidharan & Sun-
dararaman, 2011; Balch & Springer, 2015), while another set of studies find that these programs
have limited impact on student learning (Goldhaber & Walch, 2012; Goodman & Turner, 2013,;
Springer et al., 2011). Although direct comparisons between these studies is difficult due to
the differences in context, design, and budgets, there is growing consensus that heterogeneity
in program effectiveness is driven in large part by the different incentive designs used (Neal,
2011; Loyalka, Sylvia, Liu, Chu, & Shi, 2016; Ganimian & Murnane, 2016). In particular, in-
centives designs that reward teachers on the basis of student learning gains are typically more
effective than systems that reward teachers if their students attain a specific proficiency level.
In addition, incentives programs seem to work best in conjunction with other complementary
programs such as resources or student incentives (Behrman, Parker, Todd, & Wolpin, 2015;
Mbiti et al., 2017). Moreover, there may be trade-offs between (theoretically) more effective
incentive schemes and simpler schemes such as proficiency targets. More effective incentive
designs are more complex and harder to implement, which may hinder countries with limited
administrative capacity, such as Tanzania, from adopting them. In contrast, simpler schemes
such as incentives that use a single proficiency target are easily understood and implemented.
However, they typically do not benefit students who are far from the passing threshold, and
rarely induce optimal effort from teachers (Neal & Schanzenbach, 2010; Neal, 2011). In ad-
dition, using a single uniform proficiency target across all schools may penalize teachers who
serve students from disadvantaged backgrounds.

In this paper, we conduct a randomized experiment in a set of 180 Tanzanian schools, where
we compare the effectiveness of two different teacher incentive programs, implemented in the
same context and with the same budget. The program focused on English, Swahili, and Math
in Grades 1, 2, and 3. We compare the effectiveness of the pay for percentile scheme proposed
by Barlevy and Neal (2012) to a simple proficiency threshold design. The pay for percentile

scheme can induce optimal effort among teachers (Barlevy & Neal, 2012) but is difficult to



implement and communicate to teachers. As proficiency designs typically lead teachers to
focus on students close to the passing threshold, we include several passing thresholds to allow
teachers to earn bonuses for helping a broader set of students.

In both incentive designs, we fix the size of the total bonus pool for each subject-grade
combination and determine teacher reward payments based on actual student performance.
While we ensure budget comparability across our treatments, the ex-post determination of the
actual payments introduces some uncertainty which may reduce teacher responsiveness.

In schools assigned to receive incentives based on proficiency targets, teachers earn bonuses
based on their students mastery of several grade-specific skills that are outlined in the national
curriculum. These skill thresholds range from very basic skills to more complex skills, which
allow teachers to earn rewards across the entire distribution of students. As reward payments
for each skill are inversely proportional to the number of students that attain the skill, harder-
to-pass skills are rewarded more.

In pay for percentile schools, students are first tested and grouped based on their initial
levels of learning at the beginning of the school year. At the end of the school year, students
are tested and ranked within their assigned group, and teachers are paid proportionally to their
students’ ranks within each group. By effectively handicapping the differences in initial student
performance across teachers, the pay for percentile system does not penalize teachers who serve
disadvantaged students. In addition, since teachers can earn similar rewards for exceptional
performance from students in each group, it does not encourage teachers to focus on marginal
students. As the system essentially employs a modified tournament design, Barlevy and Neal
(2012) show that pay for percentile can induce socially optimal levels of effort among teachers.

Despite the theoretical advantages of the pay for percentile system, the proficiency incentive
system is at least as effective as the pay for percentile system. This is in contrast with the
findings of Loyalka et al. (2016), who find that student Math test scores increased the most
under a pay for percentile system compared to other systems. In the second year of our
evaluation, test scores in math increase by about 0.07SD under both systems, while Swahili
scores increase by 0.11SD under the proficiency system compared to only a 0.06SD increase (but
insignificant) under the pay for percentile. As teacher comprehension of the incentive systems
was similar, these differences were not merely driven by the relative lack of understanding
among pay for percentile teachers. Teacher behavior was different across the two different
incentives systems, where pay for percentile classrooms were more likely to be off task, and
assigned less homework. Teachers in pay for percentile classrooms were more likely to report
that students were disengaged, and their classrooms were in worse condition. Overall, teachers
exerted more effort under the proficiency incentive, relative to the pay for percentile system.
In addition, teachers under the pay for percentile tend to focus on their best students.

Given the administrative capacity of developing countries such as Tanzania, simpler profi-
ciency incentive systems may be more suitable for large scale implementation. Results from a
previous study in Tanzania found that a system using a single uniform proficiency threshold

was not effective in raising test-scores as it induced teachers to focus on marginal students.



By introducing multiple proficiency thresholds, our design mitigates this issue by providing
teachers with bonus opportunities across the entire distribution of students. Given the recent
push to introduce stronger accountability in the education system through initiatives such as
the “Big Results Now,” which featured a school based incentive system, evidence that provides

policy makers with guidance on how to best structure incentive designs is especially important.

2 Experimental Design

2.1 Context

Overall student learning levels remain extremely low across East Africa despite a decade plus
of major reforms and significant new investments in public education. In Kenya, Tanzania
and Uganda, recent nationwide surveys show that large majorities of children are unable to
read or do arithmetic at the required level (Uwezo, 2012). A foundation in basic literacy and
numeracy is commonly considered an important foundation upon which to build new skills.
Without this, children may be denied the opportunity to develop fully in the future. Findings
from Tanzania indicate that students entering secondary institutions are generally woefully
ill-prepared, unable to read in the English language, the medium of instruction for secondary
education (Uwezo, 2012). While these challenges are well known, existing reforms and aid
instruments have largely failed to improve the situation (Uwezo, 2012).

Under current arrangements no one is held accountable or incentivized to achieve learning.
Administrators and teachers are paid regardless of their attendance or performance; quality
assurance systems such as the inspectorate function poorly; and appointments of education
administrators do not take learning outcomes into account. Still, teachers are generally seen as
key potential drivers of learning in schools. Their salaries are typically paid on time and make
up about 60% of all spending in primary education. However, teachers in primary education,
while at school, are often not in class teaching their students. Surveys estimate instructional
time losses of some 60 percent (see Wolrd Bank (2011)). The lack of adequate attention to
accountability and incentives may in part explain why increased budgets for education have not
resulted in improved learning outcomes. So while government programs have largely focused
on providing educational inputs, recent evidence suggests that it may be more effective to
incentivize the delivery of learning outcomes, particularly at the local level (Glewwe & Kremer,
2006; Kremer & Holla, 2009).

2.2 Interventions and Implementation

The interventions examined in this paper were formulated and managed by Twaweza, an East-
African civil society organization that focuses on citizen agency and public service delivery.
The intervention was part of a series of projects launched under a broader program umbrella
named KiuFunza (“Thirst for learning” in Swahili). The first set of interventions were launched
in 2013 and evaluated by Mbiti et al. (2017). This first project compromised on the ‘ideal’



design of the incentive program and instead chose a design that was more ‘implementable’
at scale. More optimal designs, such as those based on teacher level value-added measures,
can be challenging to implement at scale, particularly in settings with weak administrative
capacity such as Tanzania. For instance, maintaining the child-level databases of learning that
are required to calculate teacher value-added, and ensuring the integrity of the testing system
are non-trivial administrative challenges. Consequently, we decided to use a proficiency system
where bonuses to teachers were paid on the basis of the number of children who passed an
absolute threshold of learning. In addition, as the proficiency system is easier for teachers to
understand, it is more likely to increase motivation among teachers and head teachers than a
more complex and more difficult to understand system. However, proficiency bonus systems
have some well known limitations such as their inability to adequately account for differences
in the initial distribution of student preperation across schools and classrooms. In additoin,
this type of system may lead teachers to focus on students who are close to the proficiency
threshold, at the expense of students who are sufficiently above or below the threshold (Neal
& Schanzenbach, 2010). Mbiti et al. (2017) found suggestive evidence of this heterogeneity:
students who are well above or well below the passing threshold do not see any improvements
in test scores, but students near the passing threshold see an increase in test scores of about
0.2 SD.

In this project, we compare the effectiveness two different incentive schemes, implemented
in a set of Tanzanian primary schools. A budget of $150,000 for teachers’ incentives was split
between the two treatment arms each year proportional to the number of students enrolled.
As a result, the total prize in each treatment arm was approximately $3 per student. All
interventions were implemented by Twaweza in partnership with EDI, a Tanzanian research
firm, and set of local district partners. Within each intervention arm, information describing
the program was distributed to schools and the communities via public meetings in early
2015 and 2016. The implementation teams also conducted additional mid-year school visits to
re-familiarize teachers with the program, gauge teacher understanding of the bonus payment
mechanisms, and answer any remaining questions. At the end of the school year, all students in
Grades 1, 2, and 3 in every school,including control schools, are tested in Swahili, English and,
Math. As this test was used to determine teacher incentive payments, it is “high-stakes” (from
the teacher’s perspective).! The tests were developed by Tanzanian education professionals,
following a similar test development framework as the Uwezo annual learning assessment that

is widely used in East Africa.

2.2.1 Proficiency Thresholds (Levels) Design

The levels treatment pays teachers proportionally to how many skills students in grades 1-3

are able to demonstrate in Mathematics, Swahili and English.?> Teacher’s earn larger bonuses if

IStarting in 2015, English was removed from the curriculum of Grades 1 and 2, and as a consequence the curriculum
for grade 3 was dramatically changed. We still test students in English.
2Due to the curriculum changes, the incentive for English was removed in 2016 for Grades 1 and 2.



their students’ are proficient in more skills. They can also earn larger bonuses if their students’
can master harder skills

Table 1 shows the skills to be tested in each grade-subject combination in the “levels”
design. The total amount of money is then split across grades proportionally to the number
of students enrolled in each grade and then divided equally among subjects and skills within

each subject. At the end of the year teachers are paid according to the following formula:

X
Pl= = 17, >b, (1)
! ZieT 1Ti>bs gj *

where P; is the payment of teacher j for skill s, J is the set of students of teacher j, Ty is
the test score of student k, bs is the passing threshold for skill s, X, is the total amount of
money available for skill s, and T is the set of all students in schools across Tanzania in the
“levels” treatment. For each skill teachers earn more money as more students in their class
score higher than the passing threshold, and the payment is higher if fewer students are able to
demonstrate learning in that skill. In other words, the reward is higher for teachers if students

master a “harder” skill, which is defined by the overall passing rate of each skill.

Table 1: Skills tested in the “levels” design

Swahili English Math
Grade 1
Letters Letters Counting
Words Words Numbers
Sentences Sentences Inequalities
Addition
Subtraction
Grade 2
Words ‘Words Inequalities
Sentences Sentences ddition
Paragraphs Paragraphs Subtraction
Multiply
Grade 3
Addition
Story Story Subtraction
Comprehension Comprehension  Multiplication
Division

An important feature of the “levels” design (even with multiple thresholds) is that it does
not offer rewards for increasing test scores for all students (e.g., for students far above the
highest threshold, increases in test scores do not increase teacher payouts), and these rewards

are not continuous on teacher effort.



2.2.2 Pay for Percentile Design (Gains)

The pay for percentile design (gains) is based on the work of Barlevy and Neal (2012), who
show that this incentive structure can, under certain conditions, induce teachers to exert socially
optimal levels of effort. For each subject-grade combination we created student groups with
similar initial learning levels based on test score data from the previous school year.®> We then
compensated teachers proportionally to the rank of their student at the end of the school year
relative to other students with a similar baseline level of knowledge.

More formally, let 5271 be the score of student ¢ at the end of the previous school year.
t—1

Students are divided into k£ groups according to s; We divided the total pot of money

allocated to a subject-grade combination A? into k groups, proportional to the number of
A9ny,

Ngk
g, nk is the number of students in group k, and Ay is the amount of money allocated to group

students in the group. That is, Ax = , where Ny is the total number of students in grade
k. At the end of the year, we ranked students (into 100 ranks) within each group according to
their endline test score s!, and within each group we gave teachers points proportional to the
rank of their students. For a student in the top 1% of group k a teacher received 99 points, and

for a student in the bottom 1% the teacher received no points. Within each group we have:

where b(i— 1) is the amount of money paid for each student in rank i. Therefore, b = f,—z %.
The total money A? allocated to a subject-grade is proportional to the number of students in
XN
3 zg:f Ng’
where X is the total amount of money available for the “gains” design. The total amount of

each grade and is divided equally among the three subjects. In other words, AY =

money paid per rank is the same across all groups, in all subjects, and in all grades, and is
X 2
3% 1 Ng 99°
and total enrollment was 22,296 in “gains” schools. Therefore, the payment per “rank” was
$0.0178. In other words, for a student in the top 1%, a teacher would earn $1.77 and for a

student in the top 50% a teacher would earn $0.89.

equal to b = For example, in the first year, the total prize money was $70,820

2.3 Sample Selection

The teacher incentive programs were evaluated using a randomized design. First, ten districts
were randomly selected (see Figure 1)*. The sample of 180 schools was taken from a previous
field experiment (Mbiti et al., 2017) where all students in Grades 1, 2, and 3 had been tested
at the end of 2014. These school level tests provided the necessary baseline student-level test
score information that we needed in order to implement the “gains” treatment. Within each

district, we randomly allocated schools to one of our three experimental groups. Thus, in each

3 As noted previously, Grade 1 students were grouped according to historic test scores at the school level. Students
without test scores in any other grade were grouped together in a “unknown” ability group.

4However, 11 district participate in the treatment arms, as one district was included in the program non-randomly
by the implementing partner. We do not survey schools in this district.



district 6 schools were assigned to the “levels” treatment, 6 schools to the “gains” treatment,
and 6 schools were served as our controls. In total, we have 60 schools in each group. The
sample was also stratified by treatment of the previous RCT and by an index of the overall
learning level of students in each school. All of our specifications control for the three levels of

stratification: district, treatment in the previous RCT, and overall school quality.

Figure 1: Districts in Tanzania from which schools are selected

Lushoto

Kinondoni

2.4 Data and Balance

Over the two-year evaluation, our survey teams visited each school at the beginning and end of
the year. We gathered detailed information about each school from the head-teacher including
facilities, management practices, and head teacher characteristics. We also conducted individ-
ual surveys with each teacher in our evaluation, including individual characteristics such as
education and experience, and effort measures such as teaching practices. We also conducted
classroom observations, where we recorded teacher-student interactions and other measures of
teacher effort such as teacher absence.

Within each school we surveyed and tested a randomly selected sample of 40 students (10
students from Grades 1, 2, 3, and 4). Students in Grades 1, 2, and 3 who were sampled in the
first year of the program were tracked over the two year evaluation period. While students in
Grade 4 in the first year were not tracked into Grade 5 due budget constraints. In the second
year of the program we sampled an additional 10 incoming Grade 1 students. We collected a

variety of data from our student sample including test scores, individual characteristics such as



age and gender, and perceptions of the school environment. Crucially, the test scores collected
on the sample of students are “low-stakes” for teachers and students and can serve as a more
reliable measure of student learning. We can supplement this set of “low-stakes” student tests
scores with the test scores from the “high-stakes” tests which are used to determine teacher
bonus payments, and are conducted in all schools including control schools.

Table 2 shows the balance between students, school, teachers, and household characteristics
in each treatment arm. Columns 1-3 shows the conditional mean of the variable for different
treatment arms and Column 4 shows the p-value of a test of equality of these means. We show
the conditional mean since all of our our analysis includes controls for the set of stratification

variables used during randomization.?

5Randomization was stratified by district, previous treatment arm, and “quality strata”. The quality strata
variable for schools was created using principal component analysis on students’ test scores. Schools were categorized
into one of two strata depending on whether they were above or below the median for the first principal component.
This was done to ensure balance in test scores at baseline.



Table 2: Summary statistics across treatment groups at baseline (February 2015)

(1) (2) (3) (4)
Control  Gains Levels  p-value (all equal)
Panel A: Students
Age 8.88 8.94 8.89 0.35
(1.60) (1.67) (1.60)
Male 0.50 0.48 0.51 0.05*
(0.50) (0.50) (0.50)
Swabhili test score 0.00 0.01 0.01 0.15
(1.00) (1.00) (0.98)
English test score -0.00 0.04 -0.02 0.71
(1.00) (1.03) (1.04)
Math test score 0.00 -0.01 -0.01 0.56
(1.00) (1.04) (1.00)
Tested in yr0 0.91 0.89 0.90 0.41
(0.29) (0.31) (0.30)
Tested in yrl 0.87 0.87 0.88 0.20
(0.33) (0.34) (0.32)
Tested in yr2 0.88 0.88 0.89 0.56
(0.33) (0.32) (0.32)
Poverty index (PCA) 0.01 -0.07 0.01 0.44
(1.99) (1.94) (1.98)
Panel B: Schools
Total enrollment 643.42 656.35 738.37 0.67
(331.22) (437.74) (553.33)
Facilities index (PCA) 0.18 -0.11 -0.24 0.07*
(1.23) (0.97) (1.01)
Urban 0.15 0.13 0.17 0.92
(0.36) (0.34) (0.38)
Preschool 0.90 0.85 0.87 0.53
(0.30) (0.36) (0.34)
Piped Water 0.27 0.17 0.20 0.15
(0.45) (0.38) (0.40)
Single shift 0.63 0.62 0.62 0.95
(0.49) (0.49) (0.49)
Panel C: Teachers (Grade 1-3)
Male 0.42 0.37 0.34 0.12
(0.49) (0.48) (0.47)
Age (Yrs) 38.43 37.37 37.88 0.04**
(11.51) (11.14) (11.04)
Experience (Yrs) 14.50 13.29 13.80 0.04**
(12.14) (11.36) (11.21)
Private school experience 0.02 0.01 0.03 0.11
(0.15)  (0.11)  (0.16)
Tertiary education 0.86 0.87 0.86 0.88

(0.34)  (0.34)  (0.35)

This tables presents the mean and standard error of the mean (in parenthesis) for several
characteristics of students (Panel A), schools (Panel B), and teachers (Panel C) across treat-
ment groups. Column 4 shows the p-value from testing whether the mean is equal across
all treatment groups (Hp := mean is equal across groups). The poverty index is the first
component from a Principal Component Analysis of the following assets: Mobile phone,
watch/clock, refrigerator, motorbike, car, bicycle, television, and radio. The school facilities
index is the first component from a Principal Component Analysis of indicator variables for:
Outer wall, staff room, playground, library, and kitchen. Standard errors are clustered at the
school level for test of equality.

* p <0.10, ** p < 0.05, *** p < 0.01 10




2.5 A Note on English

Starting in 2015 English was removed from the curriculum in Grade 1 and 2. As a consequence
the curriculum for grade 3 changed. However, as there was little guidance from the Ministry of
Education, there was a lot of variance in how the curriculum changes were actually implemented
by schools. Some schools stopped teaching English in 2015, while others stopped in 2016. There
was also no official guidance on whether to use Grade 1 English materials in Grade 3 as there
were no new books issued to reflect the curriculum changes. As a result we dropped English
from the incentives in Grade 1 and 2 in 2016, but included Grade 3 English teachers in the
incentives. To avoid confusion, we also communicated that the end of year English test in
2016 would still use existing Grade 3 curriculum. Given the chaotic implementation of the
curriculum reform, it’s unclear how to interpret the results for English in Grade 1 and 2 in
2015, and for Grade 3 in both years.

2.6 Empirical Specification

As our interventions are assigned randomly to schools, we can estimate the effect of each
treatment using OLS regressions. To estimate the effect that each intervention had on students

test scores, we estimate the following equation:
Zisat = 60 + 01 Levelss + 02Gainss + vz Zisda,t=0 + Ya + Yw + Vg + Xi03 + Xs04 + €isa, (2)

where Z;44¢ is the test score of student ¢ in school s in district d at time ¢. Levels and Gains are
binary variables which capture the treatment assignment of each school. We normalize the test
scores using the mean and variance of the control schools to facilitate a clear interpretation
of our results. We include baseline test scores in our specifications to increase precision, as
well as district and survey week fixed effects, 7., to account for any learning trends over
time. By ensuring that the timing of our survey activities, including the low-stakes tests, was
balanced on a weekly basis across treatment arms, we mitigate concerns that our results could
be driven by imbalanced survey timing where, for example, students in a treatment group are
systematically surveyed later, potentially giving them an advantage on the test. 74 is a set
of grade fixed effects, X; is a series of student characteristics (age, gender and grade), X is
a set of school and teacher characteristics (facilities, students per teacher, school committee
characteristics, teacher’s age, experience, qualifications, and gender). We can use a similar
specification to examine teacher behavioral responses. As we have two sets of student test
scores we can also examine the impacts of the incentives using the high stakes testing data.
However, this would have limited controls given the lack of student characteristics in the data.

We further explore heterogeneity in treatment effects by interacting our treatment indicators
with a variety of school, teacher, and student characteristics. These include student gender and
age, teacher content knowledge, and school facilities and pupil-teacher ratios. We also explore
the heterogeneity in treatment effects by baseline student ability to examine if teachers focus

their efforts on a particular type of student. Using baseline test scores we assign students into

11



quintiles and estimate the difference between the treatment and the control group within each

quintile.

3 Results

3.1 Test scores

Table 3 shows the impact of the incentives on student learning in Math and Swahili using
both the low-stakes data (Panel A) and the high-stakes data (Panel B). In the first year of the
program, there were limited learning gains found in the low-stakes data, although the learning
improvements found in proficiency levels system were consistently larger than those in the pay
for percentile (gains) system (Panel A, Columns 1 and 2). The differences were statistically
significant for Swahili at the 10 percent level (Panel A, Column 2). In the second year of the
program both systems raised math test scores by a modest (0.07SD) but statistically significant
amount (Panel A, Column 3). However, we only find statistically significant increases in Swahili
for students in the proficiency levels system (0.11SD), although the difference between the two
systems was no longer significant (Panel A, Columns 3 and 4).

As most of the existing literature on pay for performance uses a single high-stakes test to
determine teacher rewards as well as evaluate the program, we present the treatment effects
of our interventions using our high-stakes data in Panel B. Generally, the estimated treatment
effects are larger compared to those estimated using the low-stakes data in Panel A. In addition,
we see smaller differences in the estimated treatment effects between the two incentive designs
using this data. Overall, across both years test scores increased between 0.10 and 0.14SD
in Math, and 0.04 and 0.11SD in Swahili. The larger treatment effects found in the high-
stakes data are likely driven by test-taking effort, where teachers have incentives to motivate
their students to take the tests seriously. The importance of student test-taking effort has
been documented in other settings such as an evaluation of teacher and student incentives in
Mexico city (Behrman et al., 2015). As formal hypothesis tests in Panel C show that only the
statistically significant differences between the two types of tests were in Math in year one, we
argue that this provides some validation that the implementation protocols used were effective

in minimizing manipulation and gaming.
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Table 3: Effect on Test Scores

W Year 1(2) ®) Year 2 “)

Math Swabhili Math Swabhili

Panel A: Low-stakes

Levels (a1) 0.04 0.04 0.07* 0.11%**
(0.05)  (0.05)  (0.04)  (0.04)
Gains (a2) -0.01 -0.03 0.07** 0.06*
(0.04)  (0.04)  (0.04)  (0.04)
N. of obs. 4,781 4,781 4,869 4,869
Gains-Levels (a3) = a2 —a1 -0.05 -0.08* 0.00 -0.06
p-value (Hp : ag = 0) 0.23 0.08 0.92 0.17

Panel B: High-stakes

Levels (51) 0.12**  0.13***  0.12***  0.17***
(0.05)  (0.05)  (0.04)  (0.04)
Gains (2) 0.06 0.02 0.10** 0.08*
(0.04)  (0.04)  (0.04)  (0.04)
N. of obs. AR118 48118 59.755  59.755
Gains-Levels (83) = 82 — 1 -0.06 -0.11%* -0.02 -0.09*
p-value (Hp : 83 = 0) 0.23 0.022 0.54 0.051
Panel C: High-stakes — Low-stakes
B1— a1 0.07 0.08 0.05 0.05
p-value(B81 — a1 = 0) 0.11 0.09 0.19 0.29
B2 — a2 0.07 0.05 0.02 0.02
p-value(B2 — az = 0) 0.10 0.27 0.53 0.63
B3 — a3z 0.00 -0.03 -0.03 -0.03
p-value( B3 —az =0) 0.96 0.51 0.50 0.56

Clustered standard errors, by school, in parenthesis.

3.2 Spillovers to Other Grades and Subjects

As our incentives focused on Math, English, and Swahili in Grade 1, 2, and 3, schools could
focus on these grades and subjects to the detriment of other grades and subjects. For example,
schools may shift resources such as textbook purchases from higher grades to Grades 1, 2, and
3. Additionally, teachers may cut back on teaching non-incentivized subjects such as Science.
On the other hand, if our incentive programs improve literacy and numeracy skills, they may
promote student learning in other subjects. Moreover, these gains may persist over time, and
continue to be reflected in test-scores. In order to asses these concerns, we examine learning
outcomes in Grade 4 math and Grade 4 Swahili, and Science for Grades 1, 2, and 3.

The results of potential spillover effects are shown in Table 4. Panel A uses the data
from a random sample of fourth grade students to ascertain any potential detrimental shifts
in resources or focus away from higher grades. Overall, we do not see decreases in test scores
of fourth graders, which suggests that schools were not disproportionately shifting resources
away from higher grades. As third graders in the first year of our program transitioned to
the fourth grade in the second year of our evaluation, we can use the fourth grade results in
the second year (Panel A, Columns 3 and 4) to ascertain the persistence of any learning gains
produced by the incentive programs. Although the point estimates are mostly positive, they
are not significant, perhaps due to the smaller sample size.

Panel B shows the effects of our incentives on Science test scores. Contrary to the concerns of
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performance pay critics, the point estimates are generally positive suggesting that the incentives

are more complementary to learning other subjects.

Table 4: Spillovers to Other Grades and Subjects

1) (2) 3) (4)

Panel A: Grade 4

Year 1 Year 2

Math Swahili  Math  Swahili
Levels (1) 0.13** 0.04 0.06 0.04

(0.06)  (0.05)  (0.06)  (0.07)
Gains (a2) -0.03 -0.03 -0.00 0.03

(0.05)  (0.05)  (0.06)  (0.06)
N. of obs. 1,513 1,513 1,482 1,482
Gains-Levels (a3) = as — a1 -0.16** -0.08 -0.06 -0.02
p-value (Hp : a3 = 0) 0.01 0.13 0.27 0.79

Panel B: Science (Grades 1-3)
Year 1 Year 2

Levels (a1) 0.07 0.08

(0.06)  (0.06)
Gains (a2) -0.00 0.08

(0.05)  (0.06)
N. of obs. 4,781 4,869
Gains-Levels (a3) = as — ay -0.07 -0.01
p-value (Hp : az = 0) 0.26 0.92

Clustered standard errors, by school, in parenthesis.

3.3 Heterogeneity

We explore the heterogeneity in treatment effect across the distribution of student baseline
test-scores in Figures 2 (Math) and 3 (Swahili). In the first year of the program, math teachers
in the pay for percentile system (labeled “gains”) focused a lot of attention on their very best
students, whereas teachers in the proficiency system (labeled “levels”) focused on the top half
of their class (Figure 2a). In the second year of the program, we do not see such overt focus on
top students in either incentive system (Figure 2b). In the first year of the program, Swahili
teachers under the proficiency system again focus on the top half of the class, while teachers in
the pay for percentile system focus on the the very best students (Figure 3a). In the second year
of the program, Swahili teachers under the proficiency system seem to help all their students,
while teachers in the pay for percentile system again focused on the very best students (Figure
3b).
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We further explore heterogeneity by student, school and teacher characteristics in Table

5. There were generally no differences in treatment effects by gender or pre-school attendance

(see Panel A). However, we do find some limited differences by age for Swahili, where older

students were less likely to benefit under the proficiency incentive system. Panel B explores

heterogeneity by school characteristics. Overall, we do not observe differences in treatment

effects by school facilities or distance to urban areas. Schools with higher pupil-teacher ratio

benefited less in Math under the pay for percentile system. Panel C explores heterogeneity

by teacher characteristics including an index of teacher content knowledge (created by an IRT

model), teacher gender, age. Overall, we do not see any statistically significant patterns.
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Table 5: Heterogeneity by School, Teacher, and Student Characteristics

Panel A: Student characteristics

Math Swahili
Male Age Preschool Male Age Preschool
Levels*Covariate -0.025 0.011 -0.10 0.011 -0.024 -0.024
(0.039) (0.015) (0.064) (0.039) (0.016) (0.058)
Gains*Covariate 0.0095 0.0089 0.018 0.0023 -0.0051 0.059
(0.042) (0.016) (0.062) (0.039) (0.016) (0.056)
N. of obs. 9,650 9,650 9,650 9,650 9,650 9,650
Panel B: School characteristics
Math Swahili
Facilities PTR Distance Facilities PTR Distance
Levels*Covariate 0.031 -0.00015 0.0040 0.033 -0.0019 -0.0022
(0.023) (0.0015) (0.017) (0.031) (0.0013) (0.016)
Gains*Covariate -0.027 -0.0025** 0.0060 0.0024 -0.0021 -0.0047
(0.026) (0.0012) (0.014) (0.032) (0.0013) (0.013)
N. of obs. 9,650 9,650 9,650 9,650 9,650 9,650
Panel C: Teacher characteristics
Math Swahili
IRT Male Age IRT Male Age
Levels*Covariate 0.020 0.030 0.00088 0.00051 -0.083 0.0000096
(0.037) (0.070) (0.0016) (0.033) (0.069) (0.0011)
Gains*Covariate -0.014 -0.016 0.00055 0.011 0.013 0.000033
(0.038) (0.060) (0.0016) (0.030) (0.066) (0.0011)
N. of obs. 9,650 9,650 9,650 9,650 9,650 9,650

Clustered standard errors, by school, in parenthesis.

3.4 Mechanisms

As the pay for percentile system is much more complex, our results may reflect differences
in teacher understanding of the incentive systems. As part of the intervention we developed
culturally appropriate materials, examples and analogies, which we used to communicate the
details of the incentive programs with teachers. We also had intervention teams visit schools
multiple times to reinforce the features of the program. During our visits and surveys we gave
teachers a comprehension test to ensure they understood the details of the incentive program
they were assigned to. We then debriefed with teachers to go over the answers to the ques-
tions to further ensure that teachers understood the design details. The results of the teacher
comprehension tests are shown in Figure 4. As we asked different questions during each survey
round (Baseline, Midline and Endline) we cannot compare the trends in understanding over
time. Dsepite the lack of temporal comparability, the data suggest that teacher comprehension
was generally high and roughly equal across both types of incentive programs. This provides

some reassurance that our results are not driven by differences in program comprehension.
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Figure 4: Do Teachers Understand the Interventions?

.6

% of correct answers
4
1

BL 2015 BL 2016 ML 2015 ML 2016 EL 2015 EL 2016
B Gains HEE Levels

We examine teacher responsiveness to the incentives in Table 6. We use teacher presence
in school and in the classroom as broad measures of teacher effort (Panel A). Overall, we do
not find any differences in this dimension of teacher effort. We also examine student reports
about teacher effort such as assigning homework and providing extra help in Panel B. We find
some suggestive evidence of more help provided by teachers under proficiency systems in the
first year but not in the second year. We also observe generally higher propensities to assign
homework by teachers under our proficiency system compared to pay for percentile teachers.
These differences are statistically significant («s), although the individual point estimates (a1

and 042) are not significant.
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Table 6: Teacher Behavioral Responses

80 2) ®3) (4)

Panel A: Spot-checks

Year 1 Year 2
In school In classroom In school In classroom

Levels (a1) 0.012 0.0061 -0.025 0.025

(0.053) (0.057) (0.050) (0.053)
Gains (az2) -0.012 -0.023 -0.0050 0.023

(0.044) (0.050) (0.044) (0.044)
N. of obs. 180 180 180 180
Gains-Levels (a3) = a2 — a1 0.71 0.32 0.67 0.37
p-value (Hop : a3 = 0) 0.65 0.60 0.71 0.97
suma -0.02 -0.03 0.02 -0.00
Panel B: Student reports

Year 1 Year 2
Extra help Homework Extra help Homework

Levels (a1) 0.011 0.033 0.0052 0.0029

(0.018) (0.024) (0.0096) (0.018)
Gains (a2) -0.022 -0.0055 0.016* -0.023

(0.017) (0.024) (0.0097) (0.019)
N. of obs. 9,006 9,006 9,557 9,557
Mean control 0.12 0.10 0.02 0.09
Gains-Levels (a3) = aa — aq 0.07 0.16 0.29 0.24
p-value (Hp : a3 = 0) -0.03* -0.04 0.01 -0.03

Clustered standard errors, by school, in parenthesis.

4 Conclusion

In this paper we conduct a randomized experiment in a set of 180 Tanzanian schools, where we
compare the effectiveness of two different teacher incentive programs, implemented in the same
context and with the same budget. Specifically, we compare a simple threshold proficiency in-
centive design with a more complex pay for percentile system that theoretically induces optimal
effort. Despite the theoretical advantage of the pay for percentile system, the simple proficiency
system is at least as effective in improving student test-scores. Contrary to expectations, the
pay for percentile lead teachers to almost exclusively focus on the very best students, while the
simpler system benefited a wider range of students. Overall, a simpler system with multiple
thresholds can actually outperform a more complex incentive system, especially in countries

with low administrative capacity such as Tanzania.
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