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Mo)va)on	  

•  How	  much	  should	  we	  invest	  in	  schooling?	  
– Primary	  vs.	  secondary	  vs.	  higher-‐educaIon	  
– Wage	  vs.	  non-‐pecuniary	  returns	  
– Causal	  effect	  on	  health?	  Mechanisms?	  
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– Causal	  effect	  on	  health?	  Mechanisms?	  

•  How	  can	  we	  prevent	  new	  HIV	  infecIons?	  
– 2.1M	  per	  year;	  88%	  in	  SSA;	  25%	  in	  young	  women	  
– Biomedical	  vs.	  behavioral	  vs.	  structural	  prevenIon	  
– EducaIon:	  a	  “social	  vaccine”	  against	  HIV?	  



Mmegi	  daily,	  
Botswana	  



Effect	  theore)cally	  ambiguous	  
•  Schooling	  could	  be	  harmful	  
–  Prolong	  pre-‐marital	  sex	  (Case	  &	  Paxson	  2013)	  
– Men	  could	  have	  more	  paid	  sex	  (Kohler	  &	  Thornton	  2011)	  
–  Increase	  size,	  reach	  of	  sexual	  network	  
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•  ProtecIve	  
–  InformaIon	  about	  HIV	  (Aguero	  &	  Bharadwaj	  2014)	  
– AbsInence	  during	  school	  (Alsan	  2012)	  
– More	  choices	  in	  market	  for	  sex	  partners	  (Peffor	  2012)	  
–  Changes	  in	  ferIlity	  preferences	  (Ozier	  2012,	  Lange	  2014)	  
–  Bargaining	  power	  &	  economic	  independence	  (Baird	  2012)	  
–  CogniIve	  skills	  (Cutler	  &	  Lleras-‐Muney	  2010)	  



•  ConflicIng	  evidence	  from	  associaIon	  studies	  	  
– “Harmful”	  (DallabeDa	  ‘93,	  Kirunga	  ‘97,	  Fortson	  ‘08)	  
– “ProtecIve”	  (Bärnighausen	  2007,	  Hargreaves	  2008)	  
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•  Quasi-‐experimental	  evidence	  on	  risk	  behaviors	  
– Alsan	  &	  Cutler	  2014;	  Aguero	  &	  Bharadwaj	  2014	  	  



Natural	  experiment	  in	  Botswana	  

•  Sparsely-‐populated	  	  
•  Former	  BriIsh	  
Protectorate	  (1966)	  
•  Diamonds,	  middle-‐
income	  democracy	  
•  25%	  of	  adults	  HIV+	  
•  ARVs	  since	  2002	  

	  



Educa)on	  policy	  reform	  
“The	  NaIonal	  Commission	  on	  EducaIon	  recommends	  that	  junior	  
secondary	  educaIon	  should	  be	  extended	  from	  two	  to	  three	  years.”	  

	   	  -‐	  Government	  of	  Botswana,	  Revised	  Na=onal	  Policy	  on	  Educa=on,	  1996	  
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K-‐12	  Educa=on	  Structure	  	   7-‐2-‐3	   7-‐3-‐2	  

Primary	  School	  (years)	   (7)	   (7)	  
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Senior	  (3)	   Senior	  (2)	  

Total	  Years	  of	  Schooling	   12	   12	  
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Reduced	  costs,	  raised	  benefits	  of	  compleIng	  grade	  10	  



Teachers	  trained,	  classrooms	  built	  

Source	  EducaIon	  StaIsIcs	  1995-‐2000,	  StaIsIcs	  Botswana	  



Enrollment	  in	  ninth	  and	  tenth	  
grade	  in	  Botswana,	  1995-‐2000	  

Source	  EducaIon	  StaIsIcs	  1995-‐2000,	  StaIsIcs	  Botswana	  



A	  natural	  experiment	  
•  Reform	  affected	  specific	  birth	  cohorts	  
– Persons	  entering	  grade	  10	  >	  1998	  

•  i.e.,	  persons	  born	  >	  1981,	  assuming	  de	  jure	  progression	  

– Some	  geographic	  variaIon	  
•  pre-‐reform	  likelihood	  of	  compleIng	  exactly	  9	  years	  

•  Prior	  evidence	  of	  labor	  market	  impacts	  	  
–  Increased	  LFP,	  wages	  for	  women	  (Borkum	  2009)	  



Years	  of	  schooling	  by	  birth	  cohort	  

De	  Neve	  et	  al.	  2015	  

 28 

Figure 3: Educational Attainment by Birth Cohort in Botswana. 
 

 
Pr(Educ > X) is the probability that the respondent has attained at least X years of schooling. Sample 
includes survey respondents who were citizens of Botswana, at least 18 years old at the time of the surveys, 
born between 1975 and 1985, and had a valid HIV test result. Survey weights used as provided. Source: 
Botswana AIDS Impact Survey II (2004) and III (2008). 

 

  



Study	  ques)ons	  
1.  What	  happens	  to	  HIV	  infecIon	  risk	  if	  we	  give	  

people	  an	  extra	  year	  of	  secondary	  schooling?	  
2.  Mechanisms	  
– HIV	  knowledge	  and	  aftudes	  	  
– Risky	  sexual	  behavior,	  extensive	  /	  intensive	  margins	  
– Economic	  empowerment,	  ferIlity	  
– CogniIve	  skills	  	  

3.  Cost-‐effecIveness	  as	  HIV	  prevenIon	  	  



Results	  preview	  
1.  Large	  reducIons	  in	  HIV	  risk:	  8.1%	  pts	  (se	  3.1)	  	  
2.  Mechanisms	  
•  No	  effect	  on	  knowledge;	  large	  effects	  on	  behaviors	  
•  Condom	  use,	  HIV	  tesIng,	  but	  not	  partner	  reducIon	  
•  Changes	  in	  norms	  about	  women	  carrying	  condoms	  
•  ReducIons	  in	  ferIlity,	  gains	  in	  women’s	  LFP	  

3.  Secondary	  schooling	  cost-‐effecIve	  as	  HIV	  
preven=on,	  never	  mind	  other	  benefits	  	  



Data	  
•  NaIonally-‐representaIve	  HIV	  biomarker	  surveys	  
–  Botswana	  AIDS	  Impact	  Surveys	  II	  (2004)	  and	  III	  (2008)	  
–  Two-‐stage	  random	  sampling,	  similar	  to	  DHS	  
– HIV	  test	  consent	  rates:	  61%	  (2004)	  and	  67%	  (2008)	  
–  CiIzens	  of	  Botswana,	  at	  least	  18	  years,	  born	  aver	  1975	  
– N	  =	  7018	  	  

•  Outcomes	  
– HIV	  biomarkers,	  ferIlity	  
–  Sexual	  behaviors,	  HIV	  knowledge	  and	  aftudes,	  HIV	  
tesIng,	  discussion	  about	  HIV	  

–  Literacy,	  labor	  force	  parIcipaIon	  



Sample	  summary	  sta)s)cs	  
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TABLES         
 

Table 1: Summary Statistics. 
Variables Percent / Mean (SD) 
Survey Year BAIS II (2004) BAIS III (2008) 
Subsample Female Male Female Male 

          
HIV Positive (%) 28.3 11.1 27.3 12.4 
Age 22.7 (3.1) 22.6 (3.2) 24.9 (4.2) 24.7 (4.3) 
Years of Schooling 10.0 (3.0) 9.7 (4.0) 10.5 (3.2) 10.3 (3.8) 
Has At Least Ten Years of Schooling (%) 62.4 65.2 72.6 73.0 
Ever Had Sex (%) 88.2 77.9 92.7 83.1 
Age at First Intercourse 18.0 (2.0) 17.8 (2.5) 18.2 (2.5) 18.5 (3.0) 
Ever Married (%) 4.93 1.00 7.10 2.60 
Literacy (%) 83.0 80.0 91.1 86.0 
          
Total N with HIV Result 1,760 1,354 2,205 1,699 
          
Sample includes survey respondents who were citizens of Botswana, at least 18 years old at the time of 
the surveys, born in or after 1975, and had a valid HIV test result. Total N with Age at First Intercourse 
was 1,520 for women and 1,012 for men in BAIS II (2004), and 1,987 for women and 1,348 for men in 
BAIS III (2008). Sample weights used as provided. Source: Botswana AIDS Impact Survey II (2004) 
(N: 14,802) and III (2008) (N: 13,479). 

 
 

 
  



Associa)on	  between	  HIV	  risk	  and	  
educa)onal	  aXainment	  

Source:	  Botswana	  AIDS	  Impact	  Surveys	  II	  (2004)	  and	  III	  (2008)	  



Empirical	  approach	  
Diff-‐in-‐diff	  /	  2SLS	  
•  Control	  flexibly	  for	  age	  
•  Control	  for	  survey	  wave	  
•  IdenIfy	  off	  of	  age-‐X-‐survey	  groups	  (i.e.	  birth	  cohorts)	  affected	  by	  

reform,	  i.e.	  YOB>1980,	  controlling	  for	  conInuous	  f(YOB).	  
	  
First	  stage	  and	  reduced	  form	  esImated	  by	  OLS	  
	  

(1) 	  Educi	  =	  β0	  +	  β11[YOB>1980]i	  +	  β2	  f(YOB)	  +	  β31[age]i	  	  +	  β41[districto}irth]i	  	  +	  εi	  	  
	  
(2) 	  HIVinfectedi	  =	  γ0	  +	  γ11[YOB>1980]i	  +	  γ2	  f(YOB)	  +	  γ31[age]i	  	  +	  γ41[districto}irth]i	  	  +	  vi	  
	  	  

Local	  average	  treatment	  effects	  esImated	  by	  2SLS	  
	  

(3)  HIVinfectedi	  =	  α0	  +	  α1Educi_hat	  +	  α2f(YOB)	  +	  α31[age]i	  	  +	  α41[districto}irth]i	  	  +	  ζi	  
	  

with	  Educi_hat	  predicted	  in	  (2).	  



Assump)ons	  underpinning	  the	  study	  

2SLS	  idenIfies	  local	  average	  treatment	  effect	  (LATE)	  if:	  	  
	  
(1)  Valid	  first	  stage:	  Z	  causally	  affects	  E,	  condiIonal	  on	  X.	  	  

	  
EducaIon	  Reform	  
(Instrument,	  Z)	  

	  

	  
Years	  of	  Schooling	  

(Exposure,	  E)	  
	  

	  
HIV	  risk	  	  

(Outcome,	  Y)	  
	  

	  
SES,	  behavioral	  and	  
psychological	  traits,	  
etc.	  (Unobserved	  

factors,	  U)	  
	  

Age,	  survey	  year,	  	  
birth	  cohort	  trend,	  
and	  place	  of	  birth	  

(Observed	  factors,	  X)	  

(Causal)	  effect	  
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(4)  Monotonicity:	  Z	  only	  affects	  E	  in	  one	  direcIon.	  

	  
EducaIon	  Reform	  
(Instrument,	  Z)	  

	  

	  
Years	  of	  Schooling	  

(Exposure,	  E)	  
	  

	  
HIV	  risk	  	  

(Outcome,	  Y)	  
	  

	  
SES,	  behavioral	  and	  
psychological	  traits,	  
etc.	  (Unobserved	  

factors,	  U)	  
	  

Age,	  survey	  year,	  	  
birth	  cohort	  trend,	  
and	  place	  of	  birth	  

(Observed	  factors,	  X)	  

(Causal)	  effect	  



Regression	  results	  
Model	   First	  Stage	  	   Intent-‐to-‐Treat	   2SLS	  

Dep.	  Variable	   Schooling	   HIV-‐PosiIve	   HIV-‐PosiIve	  

Indep.	  variable	   Reform	   Reform	   Schooling	  

	  
Female	   0.635***	   -‐0.074**	   -‐0.116**	  

	  
Male	   1.005***	   -‐0.050*	   -‐0.050*	  

	  
Both	  Sexes	   0.792***	   -‐0.064***	   -‐0.081***	  

***	  p<0.01,	  **	  p<0.5,	  *	  p<0.1	  



Sensi)vity	  analyses:	  	  
2SLS	  regression	  results	  

Using	  sample	  
weights	  

Imputed	  HIV	  
status	  

IVProbit	  
Using	  YOB	  
squared	  

-‐0.078**	   -‐0.091**	   -‐0.052***	   -‐0.073**	  

Slope	  change	  
in	  YOB	  

Triple-‐Diff	   Placebo	   An)-‐placebo	  

-‐0.079***	   -‐0.086***	   -‐0.019	   -‐0.072***	  

***	  p<0.01,	  **	  p<0.5,	  *	  p<0.1	  



Cost-‐effec)veness	  of	  secondary	  
schooling	  as	  HIV	  preven)on	  

•  Secondary	  schooling	  is	  “very	  cost-‐effecIve”	  by	  
standard	  benchmark	  of	  1x	  per	  capita	  GDP	  (WHO)	  

	  
	  
	  
	  

*Other	  benefits	  of	  schooling	  are	  not	  captured	  in	  cost-‐effecIveness	  raIo.	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Interven,on	   Circumcision	  
Treatment	  as	  
Preven)on	  

Pre-‐exposure	  
Prophylaxis	  

Secondary	  
School	  

Cost-‐effec=veness	  
ra=o	  (US$	  per	  HIV	  
infec=on	  averted)	  

551	  -‐	  1,096	   8,375	  
12,500	  –	  

20,000;	  6,000	  
–	  66,000	  

27,753*	  

De	  Neve	  et	  al.,	  2015.	  



Poten)al	  mechanisms	  
Proximate	  factors	  
1.  Risk	  behaviors	  
2.  FerIlity	  as	  a	  proxy	  
Distal	  factors	  
1.  Knowledge	  
2.  Norms	  and	  aftudes	  
3.  CogniIve	  skills	  
4.  Economic	  empowerment	  



Behaviors	  
Risk	  behaviors,	  extensive	  margin:	  ever	  had	  sex,	  
sexually	  acIve,	  number	  of	  partners,	  age	  of	  most	  
recent	  partner	  

Ever	  had	  
sex	  

Sex	  in	  last	  
12mo	  

>2	  partners	  in	  
last	  12mo	  

Age	  of	  most	  
recent	  partner	  

MEN	  
0.06*	  
(0.03)	  
0.93	  

0.06*	  
(0.03)	  
0.88	  

0.11**	  
(0.05)	  
0.23	  

-‐0.56	  
(0.39)	  
22.8	  

WOMEN	  
-‐0.01	  
(0.03)	  
0.96	  

0.01*	  
(0.04)	  
0.89	  

0.04	  
(0.05)	  
0.12	  

-‐0.31	  
(0.54)	  
30.1	  



Behaviors	  
Risk	  behaviors,	  intensive	  margin:	  condom	  use,	  
HIV	  tesIng,	  discusses	  HIV	  with	  others,	  OK	  for	  
women	  to	  carry	  condoms	  

Condom	  use	  
at	  1st	  sex	  

Ever	  tested	  
for	  HIV	  

OK	  if	  women	  
carry	  condoms	  

Discuss	  HIV	  
with	  others	  

MEN	  
0.06*	  
(0.03)	  
0.86	  

0.12**	  
(0.05)	  
0.57	  

0.07**	  
(0.03)	  
0.88	  

0.09*	  
(0.03)	  
0.47	  

WOMEN	  
0.13***	  
(0.05)	  
0.83	  

0.11*	  
(0.06)	  
0.72	  

0.09**	  
(0.04)	  
0.93	  

0.00	  
(0.06)	  
0.48	  



Behaviors	  
Life	  course	  sexual	  behavior	  
– Sexual	  debut,	  ferIlity,	  marriage	  

Age	  of	  sexual	  
debut	  

Ever	  given	  
birth	  

Number	  of	  
births	  

Ever	  married	  

MEN	  
0.07	  
(0.21)	  
18.6	  

-‐-‐	   -‐-‐	  
0.01	  
(0.01)	  
0.03	  

WOMEN	  
0.76***	  
(0.26)	  
18.6	  

-‐0.16***	  
(0.06)	  
0.73	  

-‐0.25**	  
(0.11)	  
1.29	  

0.02	  
(0.03)	  
0.07	  



Behaviors	  
Life	  course	  sexual	  behavior	  
– Sexual	  debut	  by	  age	  X	  
– No	  evidence	  for	  incarceraIon	  effect	  

First	  sex	  by	  
age	  16	  

First	  sex	  by	  
age	  18	  

First	  sex	  by	  
age	  20	  

First	  sex	  by	  age	  
22	  

MEN	  
0.03	  
(0.04)	  
0.23	  

-‐0.04	  
(0.04)	  
0.49	  

-‐0.05	  
(0.03)	  
0.85	  

0.00	  
(0.02)	  
0.93	  

WOMEN	  
-‐0.09***	  
(0.03)	  
0.19	  

-‐0.12***	  
(0.04)	  
0.54	  

-‐0.08***	  
(0.03)	  
0.85	  

-‐0.02	  
(0.01)	  
0.96	  



Knowledge	  

Knows	  at	  least	  
2	  ways	  to	  

prevent	  HIV	  

Men)ons	  condoms	  
as	  preven)on	  

strategy	  

Any	  mis-‐
concep)ons	  
about	  HIV	  

MEN	  
0.01	  
(0.04)	  
0.68	  

0.00	  
(0.03)	  
0.84	  

-‐0.04	  
(0.04)	  
0.60	  

WOMEN	  
-‐0.02	  
(0.06)	  
0.70	  

-‐0.04	  
(0.04)	  
0.88	  

-‐0.06	  
(0.06)	  
0.56	  



Economic	  empowerment	  &	  cogniIon	  

Distal	  factors	  

Labor	  force	  
par)cipa)on	  

Log(wages)	   Literacy	  
Newspaper	  as	  
source	  of	  HIV	  
informa)on	  

MEN	  
0.05	  
(0.04)	  
0.85	  

0.07*	  
(0.04)	  
-‐-‐	  

0.08***	  
(0.02)	  
0.83	  

0.06*	  
(0.04)	  
0.22	  

WOMEN	  
0.17**	  
(0.08)	  
0.71	  

0.24**	  
(0.12)	  
-‐-‐	  

0.00	  
(0.04)	  
0.87	  

0.07	  
(0.05)	  
0.22	  



Summary	  
•  Main	  results	  
–  Large	  protecIve	  effect	  of	  secondary	  school	  against	  
HIV	  risk	  in	  Botswana	  

–  First	  evidence	  from	  quasi-‐experiment	  that	  secondary	  
schooling	  reduces	  HIV	  infecIon	  risk	  

–  Cost-‐effecIve	  HIV	  prevenIon	  measure	  	  
•  Mechanisms	  
– No	  effect	  on	  HIV	  knowledge;	  large	  effects	  on	  norms	  
and	  behaviors	  

–  Risk	  reducIon	  within	  relaIonships,	  no	  evidence	  for	  
effect	  on	  partner	  selecIon	  

–  Career	  vs.	  family:	  large	  increase	  in	  market	  labor	  
supply	  and	  decrease	  in	  ferIlity	  for	  women	  



Generalizability	  
•  Results	  are	  “local”	  to:	  
– Compliers:	  people	  who	  would	  have	  otherwise	  
stopped	  schooling	  at	  grade	  9.	  

– Epidemiological	  and	  labor	  market	  condiIons.	  
– Secondary	  school;	  results	  would	  likely	  differ	  for	  
primary	  schooling.	  

	  



Implica)ons	  
•  For	  policy	  
– Returns	  to	  secondary	  schooling	  under-‐esImated	  in	  
sefngs	  with	  large	  HIV	  epidemics	  

– HIV	  policy	  makers	  should	  consider	  secondary	  school	  
alongside	  biomedical	  intervenIons	  

•  For	  research	  
– Supply-‐side	  intervenIons:	  hard	  to	  study,	  but	  
potenIally	  high	  impact	  

– An	  emerging	  perspecIve:	  secondary	  school	  as	  a	  
“criIcal	  window	  period”	  for	  life-‐course	  intervenIons	  
with	  behavioral	  pathways	  lasIng	  into	  adulthood	  
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Empirical	  approach	  

First	  stage	  and	  reduced	  form	  (ITT)	  effects	  
esImated	  using	  ordinary	  least	  squares	  (OLS)	  
	  
Educi	  =	  β0	  +	  β11[YOB>1980]i	  +	  β2	  f(YOB)	  +	  β31[age]i	  	  +	  β41[districto}irth]

i	  	  +	  εi	  	  
	  

HIVinfectedi	  =	  γ0	  +	  γ11[YOB>1980]i	  +	  γ2	  f(YOB)	  +	  γ31[age]i	  	  +	  γ41
[districto}irth]i	  	  +	  vi	  

	  	  

Local	  average	  treatment	  effects	  esImated	  by	  
two-‐stage	  least	  squares	  (2SLS)	  
	  

HIVinfectedi	  =	  α0	  +	  α1Educi_hat	  +	  α2f(YOB)	  +	  α31[age]i	  	  +	  α41
[districto}irth]i	  	  +	  ζi	  


