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. Introduction 

For a long time, it has been observed that people who have more edu-

ation tend to be healthier [5,7–9] . Some suggest that the reason for this

s because better-educated people have better labour market outcomes

hich provide them with higher income with which they are able to ac-

ess quality healthcare [5,28] . Others have also suggested that school-

ng develops cognitive skills which enhance health decision-making and

he adoption of positive health behaviour [38,44] . At the national level,

he UNDP health index [51] and national literacy rates [11] reveal that

n average, the more literate countries also have higher health indices.

here is, however, no conclusive evidence that suggests that this rela-

ionship is causal in nature [28,55] . While a few studies have pursued

he path of finding causal relationships in developed countries, partic-

larly in the US and UK in the last decade, the same cannot be said for

eveloping countries [18,22,23,25] . This paper extends the frontiers of

his strand of research by examining data from a natural experiment

riginating from an early childhood policy in Ghana, a developing coun-

ry. 

This study contributes to our understanding of the education-health

exus by examining the causal relationship between education and

ealth. There are relatively more studies that have shown that there is

 correlation between education and health. Studies concerned with the

ausality of this relationship are however limited. The small (but fast-

rowing) literature in this area, however, presents mixed results [5,28] .

or instance, [14] and [34] explored compulsory schooling laws, as a

ource of exogeneity in Britain and concluded that while those poli-

ies increased average years of schooling, there was no causal effect on

ealth outcomes. Albarran et al. [5] obtain a similar conclusion using

ross-country data for Europe. One explanation suggested for those re-

ults is that the general quality of, and access to healthcare in those

ountries are high so that there is little variation based on educational

ttainment. Other studies such as [15] however, using data for Britain

nd exploiting the same compulsory schooling laws, find very strong

ausal effects of education on health. This paper contributes to this dis-

ussion by providing new evidence. 

The evidence supporting both sides of the discussion above has

ostly been from European countries and the US. The evidence from

eveloping countries is limited. This is noted in recent reviews of the
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iterature by Hamad et al. [28] and Arcaya and Saiz [8] . A search of the

iterature shows that the few studies on developing country contexts

ostly examine the fertility effects of education. The review by Hamad

t al. [28] for instance, found one published in Africa (from Kenya)

hich examined sexual health. Also, I find [46] , for Nigeria, [10] for

hana and [35] for Uganda, all of which examined female fertility ef-

ects of schooling. This study examines other outcomes in addition to

ertility. I am not aware of any other study on Africa that examines

ther outcomes besides fertility. Most studies examined female data.

he present study however includes data for men for some variables. 

This paper also examines the effect of a universal school fee waiver at

he basic education level. Universal primary education (UPE) has been

mplemented in other African countries. This included 6years of free

rimary education. However, Ghana’s version of the policy included 3

ears of junior secondary school; a total of 9 years. Uganda’s UPE has

een exploited using a similar methodology by Keats [35] . The policies

xamined in developed countries have been at the secondary school

evel. It has however been shown that early education interventions

re important for long-term outcomes. This paper examines the long-

erm health effects of an early childhood education policy. The fact that

chool fee policies have not been previously studied makes the findings

f this paper relevant for poor countries and for developed countries that

xperience health inequalities resulting from inter-generational poverty.

The identification strategy relies on the discontinuity in school at-

ainment as a result of the FCUBE 1 policy in 1996 and the assumption

hat observations close to the eligibility threshold are as good as ran-

omized. Pupils enrolling in primary one at different times around the

olicy implementation year received different treatments. I analyze this

s a natural experiment in a regression discontinuity framework such

hat those close to the implementation boundary received either full

reatment or at least one year less of treatment. The units of analysis

n this study are the residents of Ghana, a small emerging economy in

est Africa. Ghana’s ethnic diversity is like other African countries. Its

olitical stability over several decades, and the ECOWAS 2 policy of free

ovement within the sub-region has made it home to millions of peo-

le from other West African countries. This regional character means the
2 Economic Community of West Africa States. 
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3 The optimal bandwidth is a range of observations selected close enough to 

the cut-off point to minimize bias in the estimation. see [12,31,32] for detailed 

discussions. 
tudy findings are relevant for other west-Africans countries as some of

hese countries plan to implement similar policies [41] . 

This study is similar to [10] in that the two studies are the first to

ave examined the impact of the Ghana FCUBE on health outcomes and

oth use identical estimation strategies. However, [10] pool different

aves of the survey, use the year of birth as cohorts, and select 1989 as

he cut-off year. This approach assumes that all children born in a given

ear start school in the same year. However, because the school year

tarts in August or early September, children born in the last quarter

re required to enrol in the following school year. This also means that

hildren are exposed to the FCUBE policy in one-year increments. The

pproach I take in this paper is to define an annual cohort as children

orn in or after August up to July of the following year. That is, I define

 cohort as people starting school in the same academic year instead of

eople born in the same calendar year. This approach allows the cut-off

oint in the regression discontinuity to be precisely determined. This re-

ects the fact that children born in January and December of the same

ear will start school in different years. That is, all things being equal,

hough they are born in the same year, they would start school in differ-

nt years and receive different treatments. Thus the cohorts to the right

f the cutoff serve as placebo checks. Being born closer to the official

chool start month (mostly late August up to mid-September) increases

he probability of receiving the full treatment. Using the year of birth

asks this. Nonetheless, I check for the existence of discontinuity using

 definition similar to [10] and an alternative dataset to verify that the

pproach used here is robust (see Fig. A.7 ). 

I give an overview of the study context in Section 2 and de-

cribe the data and methods in Section 3 . The results are discussed in

ections 4 and 5 concludes. 

. The study context 

.1. The education system 

Ghana’s current education system, introduced in 1987, includes 2

ears of non-compulsory kindergarten from age 4 to 6; 6 years of pri-

ary school from ages 6 to 12; 3 years of junior secondary school

rom ages 12 to 15; 3 years of senior secondary school (or voca-

ional/technical school) from ages 15 to 18; qualifying students can

hen enrol for tertiary education. Basic education in Ghana is classi-

ed to include primary school and junior secondary school and pupils

re required to take a school-leaving exam called the Basic Education

ertificate Exam (BECE) in the final year of junior secondary school.

he BECE examines the syllabus of the junior secondary school, which

omprises 8 compulsory subjects and 2 optional subjects (a Ghanaian

anguage and French). Pupils must obtain at least 6 passes, which must

nclude English, Maths, and Integrated Science, to be able to progress to

enior secondary school. They take 8 subjects in secondary school and

ust pass at least 6 of them (including English, Maths, and General Sci-

nce) in the West Africa Secondary School Certificate Exam (WASSCE)

o qualify for admission into the university and other post-secondary

ducational institutions. Students require at least 50% to pass a subject

53] . 

Until 1987, the educational system consisted of 6 years of primary

chool, 4 years of middle school, 5 years of secondary school, and 2

ears of sixth form; a total of 17 years. The political and economic events

rior, together with deteriorating educational infrastructure led to a de-

rease in school enrolment by more than 100,000 and stagnated until

986/1987. Government spending on education also reduced from 6.4

o 1.5% of a much lower GDP by 1984 [42] . These events led to the

eepening of inequality in school enrolment [4] . By reducing the years

f pre-tertiary school to 12 years, the savings were channelled to expand

he infrastructure and reverse the decline in enrolment. These interven-

ions, however, did not lead to a rapid increase in enrolment until after

he implementation of FCUBE in 1996. 
2 
.2. The policy 

The 1992 constitution mandated the government to make basic ed-

cation fee-free and compulsory, hence the FCUBE policy was imple-

ented in the school year starting in August 1996 [4] . Prior to this,

he 1961 Education Act(Act 87) had made education tuition-free but

upils were required to buy books and pay for other costs. This policy

as discontinued after the country’s first president was overthrown in a

oup d’état in 1966 (see [21] and [4] for a detailed history of education

n Ghana). Various forms of additional cost were introduced and enrol-

ent declined until the FCUBE policy was implemented in 1996. Besides

liminating fees and levies, the FCUBE policy required the government

o provide books and other learning materials pupils needed for school.

n the years following, the government introduced free school meals and

ree school uniforms [49] . Thus, the FCUBE policy sought to eliminate

ll forms of direct money cost. To improve quality, the government also

mbarked on a large-scale expansion of education infrastructure across

he country and trained more teachers to teach at the basic school level

nd reduced the number of untrained teachers it employed. 

Unlike other universal primary education policies that have been im-

lemented in other African countries, Ghana’s FCUBE eliminated fees for

ll pupils at the basic level, not just for those who entered primary school

fter the implementation of the policy. This means that all children en-

olled in primary and junior secondary school from 1996 benefited from

he policy regardless of the grade they were at. 

. Empirical strategy 

.1. Study design 

Children in Ghana are required to enrol in primary school in the

cademic year starting after their 6th birthday. The policy implementa-

ion date was the academic year starting in August 1996. Thus, children

orn after August 1989 up to August 1990 were the first cohort the pol-

cy targeted for full treatment. As a result, August 1989 is chosen as the

ut-off for eligibility. This allows for analysing the implementation of

he FCUBE within the framework of a regression discontinuity design

RDD). The FCUBE policy was however not implemented strictly. This

enerates non-compliance on either side of the cut-off point. This non-

ompliance implies a fuzzy RDD and captures an intent-to-treat effect. 

The analysis proceeds as follows. First, I select an optimal band-

idth 3 [12,31,32] from the full sample of adults from the DHS dataset

nd I estimate the impact of the policy on attainment. Secondly, I es-

imate the effects of schooling on various health variables. This study

eeks to isolate the causal effect of schooling on health. I compare the

verage health ( 𝐻) outcomes for the birth cohorts( 𝑐) who were exposed

o full treatment ( 𝐷 = 1 ) and those who were not( 𝐷 = 0 ). That is: 

[ 𝐻 1 𝑐 |𝐷 𝑖 = 1] − 𝐸[ 𝐻 0 𝑐 |𝐷 𝑖 = 0] = 𝐸[ 𝐻 1 𝑐 − 𝐻 0 𝑐 |𝐷 𝑖 = 1] (1) 

I estimate the effect of assignment to full treatment at the time of

nrolment on schooling using specification 2 : 

 𝑖𝑐 = Υ0 + Υ1 𝐷 𝑖𝑐 + 𝑓 ( 𝑅 𝑖𝑐 ) + 𝕏 

′
𝑖𝑐 
Υ2 + 𝜀 𝑖𝑐 (2) 

here S is the years of schooling completed, D is the dummy for whether

n individual was assigned to receive 9 years of fee waiver. R is the

entred running variable (measures age), centred at 0. Thus, months

rior to August 1989 take negative values, and those born after August

989 take positive values, in each case, at increments of 1. August 1989

akes a value of 0. 𝕏 is a vector of controls. Its inclusion in the first stage

educes the variation in the residual and so improves the efficiency of

he estimates. The function 𝑓 ( ⋅) estimates the relationship between the

utcome and birth cohort. The error term, 𝜀 captures other factors that
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4 United States Agency for International Development. 
5 Demographic and Health Surveys. 
ay affect schooling besides the controls. The parameter of interest is

1 . It captures the effect of FCUBE on schooling. The subscripts i and c

re individual and cohort, respectively. An interaction term is included

o capture the effect of differences in slope on either side of the cut-off.

I estimate Eq. (3) in the second stage of two stage least square (2SLS)

ith Eq. (2) as instrument. 

 𝑖𝑐 = 𝛽0 + 𝛽1 𝑆 𝑖𝑐 + ℎ ( 𝑅 𝑖𝑐 ) + 𝑋 

′
𝑖𝑐 
𝛽2 + 𝜐𝑖𝑐 (3) 

here 𝐻 𝑖𝑐 is health for individual i in cohort c . Other variables have the

ame description as before. The function ℎ ( ⋅) captures the relationship

etween birth cohort and health. 𝛽1 captures the effect of an additional

ear of fee waiver and 𝑋 

′ is a vector of other controls and an interaction

o capture differences in slope on either side of the cut-off. I estimate

1 via 2-stage least square using 𝐷 𝑖𝑐 as the excluded instrument to ob-

ain an estimate of the health return to additional schooling induced by

ssignment to an extra year of fee waiver. 

.2. Internal validity 

The literature suggests two ways to implement regression discon-

inuity analysis [31–33] . The parametric estimation characterises the

reatment as a discontinuity at the cut-off and finds an optimal speci-

cation (functional form) to fit the data. The nonparametric approach,

n the other hand, characterises the treatment effect as local randomi-

ation and finds the minimum data that fits a linear specification. While

he parametric approach produces more efficient estimates, bias is more

ikely. The reverse is true for the nonparametric approach. However, a

rade-off in favour of less bias is preferred (see [32] for detailed discus-

ion). Consequently, I follow the nonparametric approach which is also

he more preferred in the literature. This approach is underpinned by

he assumption that the conditional expectation of outcomes by birth

ohorts is smooth through the cut-off point (R = 0). Hence, any discon-

inuity can be attributed to the causal impacts of the policy. The op-

imal bandwidth allows for a comparison of those who were born late

nough to be exposed to 9 years of fee-free schooling and those born

arly enough to receive 8 years of fee-free schooling [27] . 

Three important concerns may be raised regarding the ability of the

CUBE as a natural experiment to recover the policy effect [37] . The

rst is that parents of children from poor households are likely to delay

nrolling their children if they know the policy implementation date to

enefit from the policy. This is however not likely to have happened

ecause all children in school were going to benefit from the policy

egardless of the grade they were in as of August 1996. Since the pol-

cy was announced in 1995, if this concern holds, there would have

een a significant decline in gross enrolment in 1995. Data presented

y Akyeampong [4] however shows that gross enrolment in 1994 was

omparable to 1995. They observe a sharp increase only from 1996 (see

ig. 2 ). Moreover, the announcement was made when the school year

ad already started. 

A second concern is whether the exclusion criterion is likely to hold.

 potential problem is that other government policies are likely to have

ccurred at the same cut-off. To the best of my knowledge, no other pol-

cy was implemented whose eligibility criteria for treatment is similar

o the FCUBE or which only affected a portion of the observations in the

ptimal bandwidth. Furthermore, if any private educational investment

reated a discontinuity at the cut-off, this would affect the internal va-

idity of the results. It will imply that the estimates are a combined effect

f both the private investments and the policy; hence the effects will be

verestimated. The exclusion criterion is tested by examining pretreat-

ent variables [33] . The best pretreatment variables in the data are

thnicity and religion. I conduct a two-sample t -test to check for this.

he result is as shown in the appendix. Together with other formal tests

n Fig. 3 , there is no evidence of manipulation. 

Finally, because survey data was used, concerns may be raised re-

arding social desirability bias and recall bias, particularly for self-

eported variables. In the case of the former, people may answer ques-
3 
ions in a way that they consider to cast them in a good light in the

ye of society. For instance, if smoking carries a social stigma, a person

ho smokes may fail to disclose the truth about their smoking status

r the substance they smoke. While this is likely, it is not avoidable

n surveys. However, its effects are not likely to be significant. In any

ase, the summary statistics for the variables that could possibly carry

 stigma (example: Smoking and Sexual Infections) are consistent with

fficial estimates in other datasets. In addition, because respondents are

nterviewed individually, and by a stranger who visits in an official ca-

acity, respondents are likely to feel more confident to disclose accurate

nformation. Recall bias, on the other hand, is likely to be minimal since

nformation on the variables used in this study is usually about recent

vents. In the case of other events that may have occurred in the distant

ast, these are often major events that are unlikely to be forgotten. For

nstance, a person is unlikely to forget that they ended their schooling

t the secondary school level. 

.3. Other estimation issues 

It is well established in the related literature that education is en-

ogenous partly because schooling is a choice variable. This endogeneity

as been shown theoretically to arise from omitted ability which corre-

ates with the choice of years of schooling and health outcomes. That

aid, [25] and [39] found from using twins data that unobserved ability

ight be uncorrelated with schooling level. Measurement errors in years

f schooling could also account for endogeneity. Measurement errors are

ikely to be small because the schooling data is reliable. I confirm that

ears of schooling is endogenous in the data using Wooldridge’s test. 

The endogeneity problem is addressed by using assignment-to-full-

reatment status as an instrument in the second stage estimates. I con-

rm the validity and strength of the instrument using the Kleibergen-

aap Rank LM (F) test, Cragg-Donald Wald test, Stock-Yogo, and

ansen’s J-test in all specifications. Using a large sample provides ad-

itional efficiency gains, which is important in a nonparametric estima-

ion [26] . Reverse causality is also a concern in empirical studies. For

nstance, pupils may drop out of school due to ill health [17,30,40] . The

hana Living Standards Survey (GLSS7) shows that ill health accounted

or a small part of the reasons for not attending school. Instead, it shows

hat the most important reason was financial and this is addressed by

he policy. Besides, this concern is mitigated by the research design. 

Following the recommendations by Abadie et al. [1] and Nunn

43] standard errors are clustered at the level of survey clusters. This

pproach to clustering yields standard errors that are robust against ar-

itrary patterns of within-cluster variation and covariation [13] . Clus-

ering at survey clusters is useful because while respondents are identical

cross cohorts, their characteristics may differ by location; in the con-

ext of this study, social and economic status can vary much within and

etween clusters. A section of the literature also clusters at the level of

unning variables. The point estimates remain robust to clustering at the

evel of the running variable. The strength of the instrument, however,

ecomes sensitive to alternative bandwidths in this approach. I report

esults for the former only. As expected, the point estimates and con-

lusions remain robust to not clustering. For brevity, only the relevant

ain results are reported. 

.4. Data 

The Dataset: This study analyses data from round seven of the

hana standard DHS conducted from September to December 2014 by

he USAID 

4 funded DHS 5 Program. Round seven of the Ghana DHS sur-

ey includes adult females in all sampled households between ages 15

nd 49 years and males in selected households between ages 15 and 59
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Table 1 

Summary statistics. 

Variable Mean (SD) 

Smokes 0.0172 (0.1512) 

Antenatal Visits 6.1668 (2.75) 

Fertility Intention 3.979(1.2121) 

Healthy Eating 3.6156 (2.4127) 

Weight for Height 0.0067 (0.1131) 

Body Mass Index 23.9794 (4.0553) 

Notes: Data is from the 2014 Ghana Demographic and Health Sur- 

veys. Means are presented for the optimal bandwidth. Standard de- 

viations are in parentheses 

y  

w  

a  

t  

o

 

t  

a  

a  

b  

w  

b  

n  

i  

D  

b  

i  
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t  
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a  

c  
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h

e

ears. The optimal bandwidth for this study includes respondents who

ere between 22 and 28 years on the survey date. Summary statistics

re presented in Table 1 and discussed below for respondents in the op-

imal bandwidth. Data for some variables are available for only males

r only females. Where this is the case, the discussion highlights it. 
ig. 1. Discontinuity in Schooling Notes: This figure shows the increase in school a

chool attainment. Total Years of Schooling is measured in single years. Highest level 

as never been enrolled in school), 1 is “attended primary school (including Junior 

ducation ”. All other measures of schooling are indicator variables. 

4 
Table 1 reports the summary statistics for the outcome variables in

his study. The variable Smokes is an indicator variable for whether

n individual smokes any substances. Fertility Intention is measured

s the total number of children one wants to have or their ideal num-

er of children. Healthy Eating is defined as how many days in a

eek a respondent ate vegetables. Antenatal Visits is the total num-

er of times a woman visited the hospital or health centre for ante-

atal care during her last pregnancy. Risk of Obesity is measured us-

ng Body Mass Index and Standard deviation of Weight for Height. The

HS survey measures respondents’ height and weight and calculates

ody mass index (BMI) from it. Higher values signal a high risk of var-

ous diseases. High BMI is associated with health conditions including

ype 2 diabetes, high mortality, and obesity. The mean BMI of 24 puts

he average person in the overweight category. Weight for height in-

ex measures the body mass of individuals relative to their height and

s an indicator of current nutritional status [45] . The index expressed

s a standard deviation shows whether a person is malnourished (in-

luding being overweight). It is a comparison of weights of individuals
ttainment as a result of the introduction of FCUBE using different measures of 

of education attended is measured from 0 to 3; where 0 is no education (person 

Secondary School) ”, 2 is “attended secondary school ” and 3 is attended higher 
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Table 2 

First stage estimates with different bandwidths. 

32 months (Optimal bandwidth) 12 months 24 months 36 months 

(1) (2) (3) (4) (5) (6) (7) (8) 

Dependent variable = Total number of years of education 

Assigned 1.4697 ∗ ∗ ∗ 1.2797 ∗ ∗ ∗ 2.4484 ∗ ∗ ∗ 2.2248 ∗ ∗ ∗ 1.8572 ∗ ∗ ∗ 1.7021 ∗ ∗ ∗ 1.3709 1.1717 ∗ ∗ ∗ 

(0.4064) (0.3638) (0.6334) (0.5607) (0.4533) (0.3973) (0.3807) (0.3485) 

Observations 2,333 2,332 959 959 1,774 1,773 2,626 

F-stat 13.08 12.37 14.94 15.74 16.78 18.35 6.79 41.65 

Controls No Yes No Yes No Yes No Yes 

Notes: This table shows the first stage results. Columns (1), (3), (5) and (7) do not include controls and columns (2), (4), 

(6) and (8) include controls for ethnicity and religion. It shows the average effect of the FCUBE policy on the total number 

of years in education. The policy was intended to get pupils into school and to keep them enrolled for at least 9 years. 

Using the optimal bandwidth, the results show that the additional year of fee waiver increased the total years of schooling 

completed by about 1.5years. This suggests that the policy was effective. Standard errors are clustered at the survey clusters 

and reported in parentheses ∗∗∗ 𝑝 < 0 . 01 , ∗∗ 𝑝 < 0 . 05 , ∗ 𝑝 < 0 . 1 . 

Fig. 2. Gross Enrolment Rate This graph is from [4] . It shows gross annual pri- 

mary school enrolment for Ghana. The gross enrolment rate was stable around 

80% and with a downward trend up to 1995 but rises continually from 1996, 

the year the FCUBE was implemented. 
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ith identical heights globally using a WHO benchmark weight for their

eight. 

. Results and discussion 

.1. School fee waivers increased attainment 

The FCUBE policy had as part of its objectives to increase enrolment,

educe dropout, and consequently increase the average total years of

chooling completed. The first stage results suggest that the policy was

ffective in achieving these objectives. Fig. 1 shows the local average

ffect of the FCUBE policy on the years of schooling completed using

he cohorts closest to the assignment threshold. An optimal bandwidth

f 32 months was selected using the [12] local polynomial bandwidth

election method. The corresponding regression in Table 2 shows that

he average effect of the policy was up to 1.5 years more for the cohorts

ho were assigned to 9 years of fee waiver compared to those who

ere assigned to receive fewer years of fee waivers. This size is close to

.4years from [44] ’s first stage; she used Nigeria’s 1976 UPE. 

The size of the effects gets larger with narrower bandwidths and

maller with wider bandwidths, as expected (see Fig. A.9 ). Back of the

nvelope estimates using all adults in the survey show a difference of

.7 years, similar to what [44] finds for Nigeria. I check for the ro-

ustness of the policy effect estimates to functional forms. The results

re summarised in Fig. A.8 . It shows that the policy effects are well

ithin identical ranges regardless of the functional form selected. Using
5 
he Information Criteria (BIC, AIC), the linear interaction form is imple-

ented. This is also appropriate given the differences in slope on both

ides of the cutoff [33] . 

.2. Education improves health 

Having established that the FCUBE policy has a positive impact on

ears of schooling completed, I now discuss its impact on health. The

ealth outcome variables included in this study also reflect health be-

aviours. The expectation is that people who have higher educational

ttainment will have better health behaviour because they can access

nformation on healthy living and are able to process such information

etter. Also, they have better labour market outcomes. 

The first set of results is presented in Table 3 . The second set of re-

ults is presented in Table A.5 . The main difference between the two

ets is that the algorithm of the second selects a different optimal band-

idth for each outcome variable. These bandwidths are reported in the

esults table for information. On the other hand, the first set uses a single

andwidth, which was discussed earlier. 

OLS estimates may be biased upwards due to unobserved factors such

s innate ability or biased downwards due to measurement errors. These

re ameliorated by the instrument used in the IV estimates given that

he eligibility criteria for assignment to full treatment for FCUBE are not

anipulated and also given the placebo. The IV results are interpreted

s the effect of 1 year of schooling completed. The reduced form (RF)

esults are interpreted as the effect of the fee waiver policy. The con-

lusions are stable across IV and RF estimates. Either of the two latter

esults is interesting but within a regression discontinuity framework,

he RF estimates are more informative hence the discussion that follows

s based on the reduced form estimates. Nonetheless, OLS, IV and RF

stimates are all presented in all cases. 

When comparing the IV and RF estimates, one must keep in mind

hat the policy effect is 1.5years whereas the IV results measure the

ffect of each year of schooling. Compared this way, the point estimates

re intuitively identical. On the other hand, the results in Table A.5 are

nterpreted as the effects of the policy on those who were sufficiently

lose to be treated or untreated. That is the local average treatment

ffect(LATE). In nearly all cases, the results show a positive impact of

he fee waiver on health. 

.2.1. Education reduces the likelihood of smoking 

Results in Table 3 show that being in the cohorts assigned to an

xtra year of fee waiver reduces the likelihood that an individual will

e a smoker by about 2.6%. The estimates in Table A.5 are close. This

ffect is significant relative to the sample mean. That means that the

ohorts who were assigned to receive the full treatment were twice as

ikely not to be smokers at the time of the survey compared to those who

ere assigned to receive one year less of treatment [17] . makes a com-
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Fig. 3. Manipulation Notes: [12] method is used. The running variable is the centred month of birth using the century month code. Centred at zero, months 

increase(decrease) at intervals of one. Months to the left(right) are those before(after) August 1989. August 1989 is zero, the cut-off point. This definition of a cohort 

is more representative of the actual definition of a school cohort but has not been used in previous studies. For robustness, I use the common measure and a previously 

used dataset in Fig. A.7 to confirm that there is no manipulation. 

Table 3 

Fee Waiver, Schooling and Health. 

OLS IV RF OLS IV RF 

Panel A 

Smokes Healthy Eating 

Schooling -0.001 ∗ ∗ -0.023 ∗ -0.026 ∗ ∗ 0.005 0.311 ∗ 0.359 ∗ ∗ 

(0.001) (0.012) (0.012) (0.012) (0.177) (0.176) 

Observations 2,625 2,624 

Panel B 

Body Mass Index Weight for Height 

Schooling 0.064 ∗ ∗ 0.852 0.826 ∗ 0.002 ∗ ∗ ∗ 0.049 ∗ 0.048 ∗ ∗ ∗ 

(0.028) (0.666) (0.482) (0.001) (0.028) (0.013) 

Observations 992 990 

Panel C 

Antenatal Visits Fertility Intention 

Schooling 0.115 ∗ ∗ ∗ 1.464 0.8280 ∗ ∗ ∗ -0.072 ∗ ∗ ∗ -0.289 ∗ ∗ ∗ -0.333 ∗ ∗ ∗ 

(0.020) (1.225) (0.288) (0.006) (0.096) (0.085) 

Observations 1,161 2,626 

Notes: This table presents estimates of the average effect of an additional year of school- 

ing on health outcomes and behaviours. Three estimates are presented for each variable, 

OLS, IV and Reduced Form. In the case of the RF results, the coefficient of Schooling is 

the difference between those assigned to receive full treatment vrs partial treatment. 

All estimates include controls for ethnicity and religion and the functional form used 

is linear interaction. Errors are clustered at the survey cluster level and presented in 

parentheses ∗∗∗ 𝑝 < 0 . 01 , ∗∗ 𝑝 < 0 . 05 , ∗ 𝑝 < 0 . 1 . 
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[  
elling case for why education and smoking habits may be associated

iting arguments by [24] . Back-of-the-envelope calculations show that

ithin the optimal bandwidth, individuals who had never enrolled in

chool were 2.8 times more likely to be smokers. Similarly, individuals

ho enrolled but did not complete JSS were 3.2 times more likely to be

mokers than those who completed JSS. This compares to 4 times in the

ull sample. This reveals a possible spillover effect on the larger commu-

ity. That is, there is a positive peer effect. Smoking can be fashionable

f one’s peers smoke. The fewer peers who smoke one has, the less likely

hey are to be smokers. 

The magnitude of effects I find for Ghana is smaller than [52] finds

or the US. He studied the effect of education in the US using the years

f schooling above college as a measure of education. He finds that com-
6 
leting 1 year above college reduces the likelihood of smoking by about

%. This is not surprising because smoking is more common in the US

han in Ghana and the measure of schooling is set much higher. Thus,

eing educated in college (equivalent to a bachelor’s degree) means a

erson in Ghana is going to be much less likely to smoke than one in the

S. However, [29] finds effects to range for 2.6 to 3.3% and [17] finds

.7%, both for high school graduation in the US and UK respectively.

n an African context, [16] find that in South Africa, people who had

ropped out of school before turning 20 years were much more likely to

e smokers. Currently, about 6 million deaths annually are attributable

o smoking [16] . This is expected to rise to 10 million in 2030 and it is

rojected that 70% of these deaths will occur in developing countries

47] . Globally, smoking prevalence is about 21% for people 15+. The
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Table A1 

Two sample test of differences in pre-assignment variables. 

Ethnicity Religion 

t 0.9971 -0.8360 

𝑃𝑟 ( |𝑇 | > |𝑡 |) 0.3188 0.4033 

Notes: This table tests the hypothesis that pretreatment variables 

do not differ for respondents on either side of the cut-off. It is gen- 

erally difficult to get suitable variables in survey data for this type 

of hypothesis test. Ethnicity and Religion are the best two variables 

available in the dataset that can be used to test this. Ethnicity is 

fixed and religion is usually sticky; that is, it does not change often 

and most people tend to follow the religion of their families. The 

assumption here is that if treatment was randomly assigned, then 

respondents should not differ on pretreatment variables. The results 

presented in this table suggest this to be the case. Indeed, in Ghana, 

several socioeconomic factors differ systematically across ethnicities 

and religions and so we can be confident that this result is indicative 

that indeed the sample selection and treatment assignment are not 

biased. 

Table A2 

Fee Waiver, Schooling and Health. 

Coefficient BW Left,Right 

Weight for Height SD 0.0532 ∗ ∗ ∗ 51,29 

(0.0187) 

Body Mass Index 1.1181 ∗ ∗ 62,44 

(0.5653) 

Healthy Eating 0.4560 ∗ ∗ 111,37 

(0.2106) 

Smokes -0.0388 ∗ 32,32 

(0.0208) 

Fertility Intention -0.1539 ∗ 10,452 

(0.8898) 

Antenatal Visits 1.1714 ∗ ∗ 50,33 

(0.5026) 

Notes: This table shows the effect of the policy on health 

outcomes and health behaviour. A different bandwidth is 

selected for each outcome using the method recommended 

by [12] . It includes controls for ethnicity and religion. Ro- 

bust standard errors are reported in parentheses ∗∗∗ 𝑝 < 0 . 01 , 
∗∗ 𝑝 < 0 . 05 , ∗ 𝑝 < 0 . 1 . 
ate is even higher in some developing countries. For instance, [16] re-

orts a prevalence of 31% in South Africa. The dataset used in the

resent study places the prevalence rate at 3.7% for Ghana, similar to

stimates by [47] of 3.8%. This means that smoking is not a big problem

n Ghana as in other developing countries. Nonetheless, [47] finds, as

n this study, that the few who smoke tend to be those with lower levels

f education. 

.2.2. Education improves healthy eating 

I define healthy eating as one that regularly includes vegetables. A

ealthier diet reduces the likelihood of illness and may accelerate the

ealing process if one is ill. Respondents provided information on how

any days in the week they included vegetables in their diet. The results

how that cohorts assigned to receive an extra year of fee waiver ate

ealthily more often. They ate healthily at least 0.36 days more per

eek than cohorts who received a year less of fee waiver. This is about

0% of the average days of healthy eating in the week. 

The recommended healthy diet is one that has all nutrients avail-

ble. The high cost of vegetables, resulting from higher costs of produc-

ion, is considered an obstacle to their inclusion in diets regularly [45] .

ell-educated people are more likely to understand the importance of

 balanced diet and so choose to eat them often. Having more schooling

lso improves earnings and makes healthy eating more affordable. 

.2.3. Educated women use antenatal services more 

Maternal mortality is high in developing countries [54] . Health per-

onnel are able to detect any potential dangers to maternal health or

angers to the baby in the womb if the mother attends regular medi-

al checkups [2] . Thus, antenatal care is important for the health of the

other and for the baby. Modern antenatal care practices coexist with

raditional practices in developing countries. I take the view that women

ho have attended more schooling are likely to have a more favourable

isposition to modern practices and so would attend the clinic when

regnant [20] . This view is supported by the findings of this study. 

The results show that the cohorts that were assigned an extra year of

ee waiver attended antenatal care sessions about 0.8 more times than

thers. This represents about 13% more visits than the mean. Antenatal

are is free in Ghana at all health facilities. Coupled with the range of ac-

ess options, attendance is not constrained by costs. A possible explana-

ion is that better-educated women understand the benefits of antenatal

are and so choose to attend more of it [2] . 

.2.4. Education reduces fertility intention 

This finding is not surprising and in fact not new. Many studies docu-

ent this across nearly all contexts [10,35,36,48,50] . By design, respon-

ents are younger than 30, so this variable sought to measure how many

hildren they wanted in their ideal family. That is their desired number

f children. The results in Table 3 includes both males and females. 

The results show that one more year of schooling reduces this ap-

etite by about 0.33 children (8% of the mean). The mean appetite

n the estimation data is 4 children compared to 4.8 for women over

0 in the DHS data. Women over 40 are usually considered to have

ompleted childbearing or are very close to finishing. It also confirms a

rend of declining fertility and ideals around the family size in Ghana

hich has been attributed in part to an increasing rate of higher educa-

ion, changing labour markets for women and access to contraception

ptions. This finding and interpretation are consistent with a previous

tudy on Ghana’s neighbour, Nigeria, where it was found that an addi-

ional year of schooling reduced fertility by 0.26 [46] . Both estimates

lso compare to [6] who examines several birth cohorts, found effects

anging from 0.09 and 0.36; and suggests that the effects of education

n fertility vary by cohort. 

.2.5. Education increases the risk of obesity for women 

A person whose body mass is too high for their height is considered

o be overweight or obese. Obesity is a function of weight for height
7 
nd has been linked to the causes of several life-threatening diseases.

he results show that one extra year of schooling increases a female’s

eight for height by 0.05 of a standard deviation. Body mass index also

ncreases by about 0.8 for the cohorts who were assigned to receive the

ull treatment. While these estimates suggest an increased risk of obesity

he means of these measurements reported in Table 1 is just under the

hreshold for obesity. This could be explained partially to be as a result

f the sedentary nature of the employment that highly-educated people

re involved in [3,19] and the fact that these people may also be able to

fford more food. Secondly, there is a sub-culture where female obesity

s associated with beauty and having a good life [19] . 

. Conclusion 

This paper examined whether a causal link exists between education

nd health by exploiting the FCUBE policy in Ghana as a source of ex-

geneity in a Fuzzy RDD. The paper makes important contributions to

he literature as being one of scarcely any studies on the causal effect

f education on health in Africa, and to have examined other variables

esides fertility and one of scarcely any to have included men. Beyond

frica, existing evidence in Europe is mixed and split almost evenly on

ither side. Studies on the US mostly show findings consistent with the

ndings in this paper. This study also includes variables such as antena-

al visits and fertility intention. On the whole, the question of causality

as only begun to be addressed in empirical studies in the last decade.
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Fig. A1. Discontinuity at non-discontinuity point 1 Notes: Figure tests for discontinuity at points other than the cut-off point for robustness. I take all respondents 

whose cohorts were assigned to receive at least one year of treatment. The data is split into two halves on either side of the cutoff. For those on the left, those further 

left of the fake cut-off were assigned to receive one year less of treatment but are also older. For those on the right, everyone was assigned to receive full treatment. 

As a consequence, some jump is expected on the left half but less significant than at the real cut-off whereas no significant jump is expected on the right half. This is 

as shown. 

Fig. A2. Discontinuity at non-discontinuity point 2 Notes: This figure tests for robustness of discontinuity at cut-off points by using fake cut-offs for the optimal 

bandwidth. I choose one cut-off two years leftwards and another two years rightwards both within the optimal bandwidths. These cut-off points do not show 

significant jumps. 

Fig. A3. Discontinuity at random August Notes: The literature shows that month of birth potentially affects the age of enrolment, performance in school and the 

total number of years of schooling. This is tested by checking for a month of birth effect in the data. If there is a jump in the month of the start of the school year, then 

the effects reported in the results would capture both the month of birth effect and the FCUBE effect. The results in the plots above are consistent with the literature 

in that those born after the start of the school year have more schooling for observations on either side of the cut-off but there is no discontinuity at August. 

8 
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Fig. A4. Additional graphs using the Living Standards Survey Notes: I repeat the graphs for manipulation and policy effect on total years of schooling using the 

Ghana living standards survey round 7 (GLSS7) to check for robustness across data types. The GLSS7 is a more recent data and it includes a more even distribution 

on males and females [10] . used an earlier round of this survey to show a discontinuity. This is thus not an exact replication of their results but the policy effects 

estimates are close. I maintain their definition of a cohort in the policy effect graph but use the standard definition adopted in this study for the manipulation tests. 

These confirm the robustness of earlier conclusions. 

Fig. A5. Policy effect using different functional forms Notes: I check for ro- 

bustness of the results for policy effects to functional form. I show the first stage 

results for various functional forms in this figure. The results presented here 

show that policy effects overlap for all functional forms. 
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9 
he contributions of this paper are thus important both for the develop-

ng country context and the general literature. 

The findings of this study have economic significance. Consistent

ith global trends, life expectancy and overall well-being are increas-

ng in Ghana as a result of medical advances. The results presented here

how that the increases in educational outcomes are partly responsi-

le for these positive health outcomes. By design, the findings of this

tudy apply specifically to the respondents in the optimal bandwidth.

onetheless, the results can be extrapolated to the whole population es-

ecially because the under-30s constitute the larger share of the Ghana-

an population. Ghana extended the tuition fee waiver to senior sec-

ndary schools in 2017. The effect of the fee waivers induced by the

CUBE is estimated to be at least 1.5 years. The mean years of schooling

f the sample in the optimal bandwidth were 8 years. This means that

he individuals included in this study did not complete junior secondary

chool, on average. The duration of senior secondary school is 3 years.

his means that the fee waiver for senior secondary school can adduce

ore than twice the health benefits estimated in this study. This is not

 small effect. With the exception of the risk of obesity (and arguably

ertility), these effects can generally be regarded as positive. 

Outside of Ghana’s context, the results provide useful lessons for

ountries whose tuition fee waiver policies have not been extensively

valuated. It also provides lessons for those countries that have plans
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Fig. A6. Policy effect using different bandwidths Notes: I check for robustness 

of the results for policy effects to different bandwidths. I use the standard half 

bandwidth and double bandwidth suggested in the literature. Additionally, I 

check for different bandwidths. Smaller bandwidths yield larger effects than 

larger bandwidths and all are within identical ranges of the optimal bandwidth. 

As is expected, wider bandwidths have smaller effects because fully treated re- 

spondents furthest left were young and still in school whereas partially treated 

and untreated respondents were older yet had completed fewer years of school- 

ing. Also, as the bandwidth gets larger and approaches the bandwidth used by 

[10] , the effect becomes identical to theirs. 

t  

a  

w  

e

 

h  

h  

k  

h  

s  

a  

t  

f  

t

D

 

i  

t

Fig. A7. Discontinuities in health outcomes at cut-off point Notes: The graphs pres

cut-off point. These can be taken as a graphical illustration of the treatment effect 

however that the graphs do not include controls but the tables do. The presence of si

10 
o adopt a similar policy. It may also be informative in that it provides

 counterfactual for countries that have not implemented tuition fee

aiver policies. Although such a comparison must consider any differ-

nces in national circumstances. 

Considering that the health variables examined here are mostly be-

aviour, increasing educational attainment could mean lower public

ealth expenditure in the long run. The results also suggest that health

nowledge and employment are plausible channels for at least some

ealth outcomes. In terms of the practical impact of the findings of this

tudy. It is noteworthy that obesity is on its way to being endemic glob-

lly, malnutrition and smoking are already global crises. The findings of

his paper contribute to efforts to understand the social and economic

actors that cause or mitigate these health challenges. Thus a contribu-

ion to the solution 
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ented here show the existence of discontinuities at the FCUBE intent-to-treat 

for each of the outcomes of the results presented in the tables. Keep in mind 

gnificant jumps in the graphs confirms the point estimates in the tables. 
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