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Teacher	Performance	Pay 

•  Teachers	among	most	important	inputs	to	student	achievement	
(Aaronson,	Barrow,	and	Sander,	2003;	Rockoff,		2004;	Rivkin,	Hanushek,	and	Kain,	2005;	
Hanushek	and	Rivkin,	2010;	Rivkin,	2006;	CheZy,	Friedman	and	Rockoff	,	2013)			

•  But	o[en	work	in	se\ngs	where	they	face	incen6ves	that	are	weak	
or	misaligned	with	improving	student	outcomes	(Lazear,	2003)	
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•  Widespread	policy	interest	in	mo6va6ng	teachers	by	linking	pay	
to	performance	metrics	–	commonly	student	exam	scores:	
•  US,	Australia,	UK,	Israel;	Mexico,	Chile,	Kenya,	India,	Pakistan,	China	

•  But,	mixed	evidence	on	effec6veness 

Teacher	Performance	Pay 

Ada[ted	from	Fryer	et	al.	2012 



•  One	reason	for	mixed	evidence	on	teacher	performance	pay	may	be	
because	the	design	of	performance	pay	varies	across	studies	(Neal,	2011)	

•  Two	design	features	which	vary	across	studies:	
•  Design	feature	1:	the	way	in	which	student	achievement	scores	
are	used	to	measure	teacher	performance	&	mapping	to	rewards	

•  Design	feature	2:	the	size	of	the	rewards	

•  Despite	the	theore6cal	importance	of	these	design	features,	there	is	
liZle	empirical	evidence	about	how	varying	them	affect:	
•  Student	achievement	on	average		
•  The	achievement	of	different	types	of	students		

•  Theore6cally	compelling	designs	may	not	outperform	simple/
transparent	schemes	in	prac6ce	
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This	Study 

Randomized	trial	across	216	primary	schools	in	rural	
western	China	to	study	
	
1.  How	different	ways	of	using	student	achievement	to	

measure	and	reward	teacher	performance	affect	
teacher	effort	and	student	achievement	

2.  Whether	the	size	of	poten6al	rewards	maZers		
	
3.  How	different	performance	pay	designs	affect	

achievement	among	low,	medium,	and	high	
achieving	students	within	the	classroom?	(i.e.	do	
teachers	“triage”	students	in	response	to	incen6ves)	
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Rural	China:	low	levels	of	learning 
•  Rural-urban	achievement	gap	grows	as	children	progress	
through	the	educa6on	system	(0.8	SD	gap	in	Math	by	grade	6).	
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Low	levels	of	learning	despite	large,	large	increases	in	government		
expenditures	on	rural,	compulsory	educa6on	(NBS,	2011) 



Teacher	Performance	Pay	Policy	in	China 

•  2009	Teacher	Performance	Pay	Policy	
•  Increased	teacher	salaries	to	the	level	of	other	local	civil	
servants	

•  S6pulated	that	30%	of	increase	be	awarded	based	on	
performance	

•  How	was	the	policy	actually	implemented?	
•  Teacher	performance	based	mainly	on	inputs	(e.g.	class	hours)	
and	subjec6ve	measures		

•  LiUle	variaPon	in	actual	rewards:	300	yuan	difference	per	
semester	between	top	and	boUom	teacher	on	average	

•  Teachers	rankings	done	WITHIN	schools	(potenPally	
problemaPc)	

•  When	evaluated	on	student	scores,	rankings	based	on	levels		
8 
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No/liZle	varia6on		Test	Scores	



10 

Only	varia6on	in:	
-AZendance	
-`Management’	
-Papers	wriZen	

	



Rest	of	the	Presenta6on	

•  Background/Context	
•  Study	in	Rural	China	
•  Teacher	Performance	Pay	Policy	in	2009	

•  Experimental	Design	and	IntervenPons	
•  Sampling/Data	
•  Results	+	Discussion 

11 



Experimental	Design 

5"
"

The diagram below summarizes the design of the randomized experiment: 

Teacher incentive treatment (outcome-based 
design feature x payout size design feature) 

X. Large 
incentive payout 

Y. Small incentive 
payout 

A. Control A. 52 schools 
B. Levels incentive BX. 26 schools BY. 28 schools  
C. Gains incentive CX. 26 schools CY. 30 schools  
D. Pay for percentile incentive DX. 26 schools DY. 28 schools  

Note that the number of schools differ per treatment arm because our randomization was stratified by counties that 
had varying numbers of schools. 

Program (Treatment) Administration 

The performance pay contracts (the treatments described above) were given to teachers in 
September 2013. Teachers first filled out a baseline survey. Teachers then (depending on which 
treatment arm they were assigned to) received a detailed training on their performance pay 
contract (for more details, see Details about the Treatment/Interventions below). 

Sampling 

The experiment was conducted in in rural China. Specifically, we randomly sampled 216 schools 
from 16 nationally-designated “poverty” counties in Yulin Prefecture (Shaanxi Province) and 
Tianshi Prefecture (Gansu Province) to participate in the experiment. In each school, we 
randomly sampled one grade 5 mathematics class. All students in the selected grade 5 
mathematics classes were tested (in mathematics) and surveyed during two baseline waves. The 
first baseline wave was at the start of grade 5 (September 2012) and the second baseline wave 
was at the end of grade 5 (May 2013). The randomized experiment followed up the sampled 
grade 5 mathematics students into their grade 6 mathematics classes.3 Altogether, we sampled 
8,892 rising grade 6 students and their grade 6 teachers. 

Power Calculations 

Power calculations were conducted before the beginning of the trial using Optimal Design 
software (Spybrook et al., 2009). Parameter estimates (to be inputted into the Optimal Design 
software) were obtained from the two baseline survey waves of grade 5 students during the 
2012-2013 school year. Specifically, we used the baseline data to estimate the following 
parameters for the study: 

• Intraclass correlation coefficient (adjusted for county fixed effects4): 0.11 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
3 Whereas in most cases the class of grade 5 students in each sample school transferred as an intact group to the 
grade 6 class, on rare occasions the class of grade 5 mathematics students would be split into multiple grade 6 
mathematics classes. In such rare cases, we tracked all of the grade 5 mathematics students into multiple grade 6 
classes. We also surveyed and treated the grade 6 teachers for each of the multiple classes. 
4 This was done to take into account potential gains from stratification of the randomization procedure by county. 
See Randomization Procedure below.  
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Math	teachers	in	216	schools	
Approximately	8,000	grade	6	students	
	



Underlying	Structure		
(Common	to	all	treatment	groups)		

•  Incen6ves	6ed	to	student	achievement	as	
measured	by	scores	on	standardized	math	exams		

•  Teachers	compete	in	rank-order	tournament	with	
teachers	in	other	schools	

•  No	explicit	penalty	for	missing	students,	but	
poten6al	disqualifica6on	
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Design	Feature	1:	Different	ways	of	using	student	
achievement	to	measure	and	reward	teacher	performance	
(Teacher	Performance	Indices)	

Levels	IncenPve:	Rewards	teachers	based	on	student	
achievement	on	an	end-of-the-year	exam	
	
Gains	IncenPve:	Rewards	teachers	based	on	gains	in	
achievement	from	the	start	to	the	end	of	the	year	
	
Pay	for	percenPle	incenPve:	Reward	teachers	based	on	pay	
for	percen6le	index:	Within	similar	comparison	sets	(among	
students	with	similar	baseline	scores),	rank	students	by	
scores	on	endline	exam	and	give	them	a	percen6le	rank.	
Averaged	them	to	create	pay	for	percen6le	index	(Neal,	2011).	
o  Explicitly	accounts	for	mul6ple	students	(Barlevy	&	Neal,	
2012)	

 

14 



Design	Feature	2:	Large	vs.	Small	Rewards 

15 

0	

1000	

2000	

3000	

4000	

5000	

6000	

7000	

8000	

0	 3	 6	 9	12	15	18	21	24	27	30	33	36	39	42	45	48	51	54	57	60	63	66	69	72	75	78	81	84	87	90	93	96	99	

Bo
nu

s	A
m
ou

nt
	(y
ua

n)
	

	

PercenPle	Rank	

Large	
Rewards	

Small	
Rewards	

Top	reward	in	small	group	≈	1	month	pay	
 



Incen6ve	“Agreement” 
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Incen6ve	Agreement	Guide 
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Sampling	and	Data 
Sample	
•  16	Coun6es	in	Tianshui	(Gansu)	and	Yulin	(Shaanxi)	
•  216	Schools	(243	Math	Teachers)		
•  All	6th	grade	students,	about	8,000	Students	Total	
Data	
•  2	waves	of	pre-program	math	scores	
•  Teacher	Survey	at	Baseline	(Sept.	2013)	

•  Detailed	informa6on	on	teacher	characteris6cs,	exis6ng	
incen6ves,	percep6ons,	social	preferences	

•  Endline	Math	Exam	(constructed	test	w/	good	
proper6es)		

•  Detailed	Student,	Teacher,	School	Surveys	(May	2014)	
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Sampling:	Study	Loca6ons 
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Es6ma6on	Strategy		
•  Main	specifica6on	(for	child	i	in	school	j):	

	
Yijc=α	+	T΄jcβ	+	x΄ijcϒ		+	λc	+	εijc	

•  Yijc	Outcome	of	interest	at	the	endline	(e.g.	math	scores)	
•  Tjc	Vector	of	treatment	dummies		
•  xijc		Baseline	student,	teacher,	school	characteris6cs	
•  λc	Block/strata	(county)	fixed	effects	
•  Standard	errors	account	for	clustering	at	the	school	level	

•  Significance	based	on	p-values	adjusted	for	mul6ple	
hypotheses	(Romano	and	Wolf)	

•  Pre-analysis	plan	filed	in	AEA	registry	before	data	available	

•  Balance	across	treatment	arms	on	baseline	characterisGcs	
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　 (1)	 (2)	 (3)	 (4)	
Levels	 0.056	 0.084	

(0.048)	 (0.052)	
Gains	 0.012	 0.001	

(0.051)	 (0.050)	
Pay-for-percen6le	 0.128*	 0.148**	

(0.064)	 (0.064)	
Small	 0.063	 0.081	

(0.053)	 (0.055)	
Large	 0.064	 0.067	

(0.045)	 (0.046)	
Baseline	Scores Yes Yes Yes Yes 
Strata	FE	 Yes	 Yes	 Yes	 Yes	
Other	Controls	 Yes	 Yes	
P-value:	Gains	-	Levels 0.390 0.114 
P-value:	P4Pct	-	Levels 0.236 0.292 
P-value:	P4Pct	–	Gains 0.078 0.023** 
P-value:	Large	–	Small 0.989 0.778 
Observa6ons	 7,454	 7,373	 7,454	 7,373	
Robust	standard	errors	accoun6ng	for	clustering	at	the	school	level	in	parentheses.		**	p<0.05,	
*	p<0.1	a[er	adjustment.	

Average Impacts on Math Scores 
(Design Feature 1: Teacher Performance Indices) 
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Average	Impacts	on	Math	Scores	
(Design	Feature	2:	Large	vs	Small	Rewards) 
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　 (1)	 (2)	 (3)	 (4)	
Levels	 0.056	 0.084	

(0.048)	 (0.052)	
Gains	 0.012	 0.001	

(0.051)	 (0.050)	
Pay-for-percen6le	 0.128*	 0.148**	

(0.064)	 (0.064)	
Small	 0.063	 0.081	

(0.053)	 (0.055)	
Large	 0.064	 0.067	

(0.045)	 (0.046)	
Baseline	Scores Yes Yes Yes Yes 
Strata	FE	 Yes	 Yes	 Yes	 Yes	
Other	Controls	 Yes	 Yes	
P-value:	Gains	-	Levels 0.390 0.114 
P-value:	P4Pct	-	Levels 0.236 0.292 
P-value:	P4Pct	–	Gains 0.078 0.023** 
P-value:	Large	–	Small 0.989 0.778 
Observa6ons	 7,454	 7,373	 7,454	 7,373	
Robust	standard	errors	accoun6ng	for	clustering	at	the	school	level	in	parentheses.		**	p<0.05,	
*	p<0.1	a[er	adjustment.	



Average	Impacts	on	Math	Scores	
(Teacher	Performance	Index	by	Reward	Size)	
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Small	 Large	
　 (1)	 (2)	 (3)	 (4)	
Levels	 0.046	 0.080	 0.064	 0.081	

(0.059)	 (0.067)	 (0.059)	 (0.061)	
Gains	 0.049	 0.037	 -0.033	 -0.033	

(0.064)	 (0.063)	 (0.060)	 (0.061)	
Pay-for-percen6le	 0.089	 0.131	 0.163**	 0.165**	

(0.094)	 (0.100)	 (0.059)	 (0.060)	

Baseline	Scores Yes Yes Yes Yes 
Strata	FE	 Yes	 Yes	 Yes	 Yes	
Other	Controls	 Yes	 Yes	

P-value:	Gains	-	Levels 0.974	 0.730	 0.153	 0.100	
P-value:	P4Pct	-	Levels 0.648	 0.667	 0.157	 0.237	
P-value:	P4Pct	-	Gains 0.690	 0.546	 0.005**	 0.004**	

Observa6ons	 4655	 4609	 4678	 4628	
Robust	standard	errors	accoun6ng	for	clustering	at	the	school	level	in	parentheses.	***	p<0.01,	**	
p<0.05,	*	p<0.1.	Other	controls	include	student	gender,	age,	parent's	educa6on,	a	household	wealth	
index,	class	size,	teacher	experience	and	teacher	base	salary.	

Note:	Not	Pre-specified 



Mechanisms 
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Impacts	on	teacher	behavior	

•  Like	Glewwe	et	al.	(2010)	and	Muralidharan	and	
Sundararaman	(2011),	we	find	liZle	effect	on	many	types	of	
teacher	behavior	in	the	classroom	(reported	by	students):	
•  Classroom	engagement	
•  Care	
•  Classroom	management	
•  Communica6on	with	students		

•  We	find	no	significant	effect	on	self-reported	teacher	effort.		

•  While	we	do	find	impacts	of	all	types	of	incen6ves	on	student-
reported	6mes	being	tutored	outside	of	class,	these	do	not	
explain	the	significantly	larger	impact	of	pay-for-percen6le.		
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Effect	on	Amount	and	Type	of	Curricula	Taught 
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More	curricula	coverage	–	was	it	at	the	expense	of	
intensity	of	instruc6on	(teachers	just	went	faster)?		

Treatment	effects	(large	rewards	group)	on	easy,	hard,	
medium	test	items:	

29 

Pay-for-percen6le	led	to	gains	in	easy	&	hard	items–	sugges6ng	it	
increases	both	the	coverage	&	intensity	of	instruc6on		

Easy	 Medium	 Hard	
		 		 (1)	 (2)	 (3)	

(1)	 Levels	Incen6ve	 0.029	 0.094	 0.075	
(0.044)	 (0.50)	 (0.052)	

(2)	 Gains	Incen6ve	 -0.006	 -0.010	 0.019	
(0.036)	 (0.050)	 (0.053)	

(3)	 Pay-for-Percen6le	
Incen6ve	

0.105**	 0.092	 0.16**	
(0.043)	 (0.062)	 (0.067)	



Distribu6onal	Effects	of	the	Incen6ve	Designs:		
Within	Classes 
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Distribu6onal	Effects	of	the	Incen6ve	Designs:		
Within	Classes 
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Summary	of	Results 

•  Of	the	different	teacher	performance	indices	used	to	
incen6vize	teachers,	only	pay	for	percen6le	has	significant	
effects	on	average.	It	is	accompanied	by	meaningful	changes	
in	curricular	coverage	

	
•  Doubling	size	of	reward	does	not	have	sta6s6cally	significant	
effect	
•  limited	power	to	test	within	incen6ve	designs	
•  Only	large	increase	in	point	es6mate	for	pay-for-percen6le	

	
•  Pay	for	percen6le	produced	broad-based	gains	across	
distribu6on	of	student	achievement	
•  For	levels,	gains	teachers	focus	on	students	for	whom	perceived	

returns	to	effort	highest	
 32 



Limita6ons/Contribu6ons 
LimitaPons:	Only	examined	impacts	a[er	year	1.		
ContribuPons:	
1)  Head-to-head	experimental	test	of	alterna6ve	

approaches	of	mapping	student	achievement	into	
rewards	for	individual	teachers	(including	“pay-for-
percen6le”)	

•  Adds	to	previous	work	tes6ng	individual	vs	group	incen6ves	
(Muralidharan	and	Sundararaman	2011;	Behrman	et	al.	2012),	standard	vs	
loss	aversion-based	incen6ves	(Fryer	et	al.	2012)	

2)  First	experimental	study	of	reward	size	in	teacher	
performance	pay	

3)  Closely	examine	how	different	performance	pay	designs	
affect	distribu6on	of	student	achievement	within	the	
class	(and	how	teachers	likely	mul6task	across	students)	

	
	

33 



THANK	YOU! 	
ssylvia@ruc.edu.cn	
reap.stanford.edu 
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